
material  was associated with s t rong ly  muc ino ly t ic  rabb i t  isolates (Table 

8) .  Salyers et al. (1978) using t rad i t iona l  fermenta t ion  studies did not 

detec t  acid p roduc t ion  by  s t ra ins of gas t ro in tes t ina l  t ra c t  bacteroides 

f rom t y p e - c u l t u r e  col lections when they were grown on mucin subs t ra tes .  

Roberton and Stanley (1982) also found minimal u t i l izat ion of  mucin by  

two re fe rence  cu l tu res  of Bacteroides fragilis using gas - l iqu id  

chrom atography  to monitor  changes in mucin composit ion.  However,  i t  

was subsequen t ly  found tha t  isolates c u l tu re d  d i re c t l y  f rom the pig cecum 

were more ac t ive ly  mucino ly t ic  than the reference s t ra ins used p r e v i ­

ous ly .  (Rober ton ,  pers .  comm.).

The o the r  techn iques used to detect  changes in the mucin molecule a f te r  

digest ion have been used elsewhere. Loss of  terminal  s t ru c tu re s  was 

c lear ly  shown by  restorat ion of  an t i -A  an t ibody  t i t r e  a f te r  absorp t ion  

w i th  digested mucins (Table  9) .  Hoskins and Bould ing (1976) a rg u rd  

tha t  microbial  degradat ion of mucin would p robab ly  s ta r t  at the 

n on - redu c ing  terminals of  the ca rbohyd ra te  side chains,  and used th is  

to assess degradat ion by  mixed fecal popula t ions .  Roberton and Stanley 

(1982) estimated tha t  a 15% loss of  sugars f rom pig gas t r ic  mucin would 

ind ica te the removal of  merely one o r  two sugars f rom the end of  each 

chain on the molecule. Gas- l iqu id  chromatography  of  ca rbohydra tes  was 

equal ly  successful  in demonstra t ing al te ra t ions in mucin composi tion a f te r  

microbial  d iges t ion  (F igu re  13). Changes in molar ratios of hexose com­

ponents showed tha t  the two mucins tested were degraded s l igh t ly  d i f ­

f e re n t l y .  The rabb i t  small in test ine mucin lost more fucose than pig 

gas t r ic  muci. and somewhat less galactose and N-acety Igalactosam.ne 

(Tab le  10). Roberton and Stanley (1982),  f rom simi lar  studies wi th  pig 

colonic mucin,  found tha t  N-acet / lga lactosamine was af fected most by  

digest ion  w i th  ATCC st ra ins  of Bacteroides fragilis.

This inves t iga t ion ,  using  d i f fe re n t  analyt ica l  techn iques,  has shown tha t  

bacter ia isolated from rabb i t  cecal mucosa and lumen contents act ive ly



diges t  mucins by  removal of  hexoses from ca rbohyd ra te  side chains of 

the mucin molecule in vitro. The two mucins used as exper imental  

subs t ra tes  d i f fe red  in t h e i r  chemical composi tion and re la t ive  d ig e s t ib i l i t y .  

A l though  rabb i t  small in tes t ine  mucin was more res is tant  to bacter ia l de ­

g rada t ion  than pig gas t r ic  mucin,  the reason is not obvious* f rom th is  

s tu d y ,  bu t  p robab ly  lies in the  s t r u c tu r e  of the mucin molecule i tse' r ,  

as proposed by  Fors tner  (1973).  An impor tant  ecological impl icat ion of 

thpse f ind ings  is based on the increase in potent ia l  m uc ino ly t i -  a c t iv i t y  

as the digesta approaches the i leo-cecal valve,  toge ther  w i th  the g rea te r  

v iscos i ty  of  upper  d iges t ive  t r a c t  mucins.  The rheolcgical  p roper t ies  tha t  

p ro tec t  the GIT epi thel ia aga inst  ac id i ty  in the stomach and trauma in 

the small intest ines also seems to be associated w i th  resistance to bacter ial  

degradat ion in the lower pa r t  of  the t ra c t .

Most of  the isolates f rom the ra b b i t  cecum were p resum pt ive ly  ident i f ied  

by  tests  tha t  inc luded fermentat ion reactions w i th  d i f f e re n t  carbohydra tes  

and many were metabol ical ly act ive on a wide range of  subst ra tes  

(Tab le11) .  Galactose was u t i l ized  by  near ly  all st ra ins and most other 

monosacchar ides were fermented by  saccharo ly t ic  s t ra ins .  The except ions 

were fucose, used mainly by  those s t ra ins  degrad ing  mucin,  and the 

hexosamines, which were fe rmented by  v e ry  few of the isolates stud ied.  

These sugars are not normal ly inc luded in taxonomic p ro f i les ,  bu t  Salyers 

et al. (1977) repor ted  tha t  ut i l iza t ion of  L- fucose was a var iab le  fea ture  

of human colonic isolates f rom d i f f e re n t  genera,  and was fermented by 

almost all s t ra ins  of  Peptostreptococcus and Bacteroides tha t  were exam­

ined. These f ind ings  imply tha t  ut i l izat ion of monosacchar ides l i ke ly  to 

be released from mucus as the resu l t  of bacter ia l  degradat ion  is not 

conf ined to the degrada t ive  microorganisms, bu t  can be used by  most 

o the r  bacter ia in the env i ronment .  The ul t imate disposal of the 

hexosamines, however remains unc lear ,  as few organisms isolated in the 

p resen t  s tudy  could use these sugars as fermentable energy sources. 

The enzyme N-acetylg lucosamin idase may have an important func t ion  in
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synthes is  o r  depolymer izat ion of the pept idog lycan component of  bacter ial  

re l l  walls in cell d iv is ion .  Its presence outs ide cel ls and the reby  f reed 

of  in t race l lu la r  cons t ra in ts  maybe a s ign i f ican t  fac to r  in cell iys is of 

bacter ia in the GIT m ic ro -env ironment .

None of  the bacter ia l  isolates s tudied in th is  inves t igat ion could completely 

degrade mucin.  L inds ted t  et al. (1965) and Hoskins and Bould ing (1981) 

showed tha t  th is  could onlv be achieved by  a mixed convent iona l  fecal 

f lo ra  ac t ing in consort ia .  The APIZYM test  system showed tha t  of  all the 

isolates tes ted,  those of  the genus Bacteroides had the broadest  spect rum 

of cell bound glycosidases, amongst which were the enzymes most p r o b ­

ably invo led in mucin degradat ion  (Tab le12) .  Several w o rke rs  have 

shown tha t  the genus contains closely related species that  read i ly  de ­

grade a wide range of  polysacchar ides f rom d i f f e re n t  sources. The work  

of  Bayl iss I Houston (1984) and Salyers et al. (1978) demonstrates tha t  

many p lan t  polymers are at tacked and pa r t ia l l y  degraded by  d i f f e re n t  

species of  Bacteroides. In the present  s tuoy  i t  was found tha t  all st ra ins 

of  the Bacteroides vulgatus - Bacteroides ovatus - Bacteroides distasonis 

g roup  conta ined a broad spect rum of glycosidases detected by  the APIZYM 

system, and could be d is t ingu ished  from the resul ts  of unrelated 

Bacteroides species w i th  reasonable conf idence.  The pa t te rn  was clear ly 

d i f f e r e n t  f rom reactions obta ined w i th  o ther  genera such as 

Fusobacterium. I t  has been suggested tha t  the ce l l -bound enzymes de­

tected by the APIZYM test  may be used as a taxomonic system fo r  general  

iden t i f ica t ion  of  bac ter ia ,  and it seems to be p a r t i c u la r l y  sui table f o r  the 

genus Bacteroides (Laughon et a l . ,  1982; k m v e t t  et a l . ,  1983; 

T h ragonne t  et a l . ,  1977).

The APIZYM system relies on the release of a-naphtho l  f rom syn the t ic  

glycosides to form coloured formazans with Fast blue sal ts.  The 

p -n i t rophe no l  assay used to estimate levels of enzymes in the c u r re n t  

s tu d y ,  also detects enzyme ac t i v i t y  by  release of chromogen from s y n ­
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the t ic  glycosides bu t  al though the techn ique has been in use fo r  ove r  

hal f  a c e n tu r y ,  the re  is some doubt  whether  the ar t i f i c ia l  subs trates 

ideal ly model the react ions wi th  natura l  g lycosides. An a L-fucosidase 

from Clostridium perfringens f o r  example,  was repor ted  by Aminoff  & 

Furukawa (1970) to have no ef fec t  on p -n i t ropheno l  fucosides. In con­

t r a s t ,  Hoskins i, Bou ld ing (1981) v e r i f ied  tha t  (S-galactosidase and 

N-acetylg lucosamin idase from mixed fecal cu l tu res  showed good cor re la t ion 

between p -n i t rophe no l  glycosidase act iv i t ies  and the release of 

monosacchar ides f rom a def ined g lycop ro te in .  Results of  inh ib i t ion  

stud ies conf i rm tha t  the p -n i t rophe no l  glycosides were sui table f o r  use 

as subs t ra tes  fo r  the enzymes invest igated in th is s tudy .  Table 13 shows 

the speci f ic  ac t iv i t ies  of glycosidases wnen thay  were incubated wi th  

subs t ra tes  in the presence of  d i f f e re n t  ca rbohydra tes .  The 

monosacchar ides galactose and fucose were included to s tud y  the ef fec t  

of probable end p roduc ts  on enzyme a c t i v i t y .  Inh ib i t ion  of 28% b /  10 

mM galactose on B-galactosidase and 75% inh ib i t ion  of 20 mM fucn&e on 

a -L - fucos idase  are in keeping with well documented p roduc t  inh ib i t ion  of  

bacter ia l  g lycosidases (P r ies t ,  1977; Yem L wu, 1976). C ro s s - re a c t i v i t y  

between these two enzymes, shown by  17% inh ib i t ion  of  galactose by  

fucose has also been repor ted  p rev ious ly  f o r  the glycosidases of  

Bacteroides vulgatus by  Berg et al. (1980).  The p re s e r t  s tudy  on the 

enzymes of  a s imilar  species of  Bacteroides also revealed tha t  the 

disacchar ide lactose inh ib i ted  both galactosidase and fucosidase by ove r  

20% when added at a concentra t ion of  10 mM. The repo r t  by  Cowan 

e t . a l . , (1984) of s imilar  inh ib i t ion  of a bacter ia l  6-galactosidase by 10 mM 

lactose suppor ts  not on ly  these f in d in g s ,  bu t  also the indication tha t  

disacchar ides may be in h ib i t o ry  fo r  glycosidase a c t i v i t y .  Moderate 

inh ib i t ion  of fucosidase by the polysacchar ide  component of s u b -u n i t  

muciri observed in th is  s tudy  also suggests  tha t  in tact  g lycosides can 

af fec t  re levant  enzyme a c t i v i t y ,  a l though it  is equal ly possible that  mild 

h y d ro ly s is  d u r in g  the incubat ion per iod could release in h ib i t o ry  

monosacchar ides. An explanat ion fo r  the f in d in g  that  some stra ins of
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Bacteroides vulgatus were more act ive in deg rad ing  mucin,  der ives f rom 

a comparison of the amounts of d i f f e re n t  glycosidases produced by  

m uc ino ly t ic  an I non -muc ino ly t ic  s t ra ins .  The muc in -degrad ing  s t ra ins 

p roduced  h ighe r  levels of  ce l l -bound glycosidases and excreted them into 

the c u l tu re  medium in late logar i thmic g rowth  by an act ive process ra the r  

than by  cell lys is (F ig u re  16) .  The ef fect  was p a r t i c u la r l y  notable wi th  

N-acety lg lucosamin ida*  and fucosidase and was enhanced when the 

organ isms were grown on lactose as a subs t ra te .  S u b -u n i t  mucin i tsel f  

induced on ly  s l igh t  increases in enzyme levels of  both mucino ly t ic  and 

non -m uc ino ly t ic  isolates as did gaiactose and glucose. Cons t i tu t ive  

baseline levels of  g lycosidases seem to be presen t  in all st ra ins of  

Bacteroides vulgatus isolated from the rabb i t  cecum , bu t  in some cases, 

p roduc t ion  of  the enzymes, o r  s l igh t ly  d i f f e re n t  isoenzymes, is increased 

in the presence of  induc ing  polysacchar ides and are ul t imate ly  excre ted 

in to  the ex t race l lu la r  mil ieu iF ig u re  18).

Induc t ion  anc! expo r t  of  elevated levels of  enzymes have been well docu­

mented in the genus Bacillus and in some Gram negat ive aerobes t y p i f ie d  

by Eruinia (P r ies t ,  1977; 1984). Several repor ts  on the glycosidases of  

anaerobes have deal t  w i th  the enzymes found in Bacteroides species. 

Wil l iams & Whithers (1982),  s tudied a range of  enzymes in Bacteroides 

ruminicola. The re p o r t  by Salyers et al. (1977) was conf ined to 

B-glucanase of  Bacteroides fragilis and Reddy et al. (1984) examined 

the hemicellulases of  Bacteroides ovatus. Most of  these repor ts  were 

concerned wi th  the enzymes associated w i th  washed cells al though some 

ind icat ions are given tha t  ac t iv i ty  was detected in c u l tu re  supernatants .  

The repor ts  all agree tha t  the glycosidases of  Bacteroides are subs t ra te  

mduceable,  of ten in a non-spec i f ic  manner and reach maximum levels in 

late logar i thmic g ro w th .  Hoskins £, Bould ing (1981), in studies of  the 

glycosidases in mixed human fe c i l  cu l tu res  conclude that the enzymes 

invo lved  in po lysacchar ide degradat ion are induc tab le  and ex t race l lu la r .
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Berg et al. (1978) studied the glycosidases of several  st ra ins of 

Bacteroides iragilis and repor ted  tha t  one of them (B70) produced e x ­

cept iona l ly  high levels of a range of ex t ra ce l lu la r  enzymes d u r in g  g rowth  

on glucose. In a la ter repo r t ,  detai ls are given of pu r i f ica t ion  of  the 

g i /cos idases  from s ta t ionary  phase cu l tu res  of s t ra in  B70, which is now 

known as B. vulgatus The ‘ pect rum of g lycos ide hydrolases produced by 

muc ino lv t ic  s t ra ins  of  Bacteroides vulgatus, W12 and W13, inves t igated 

in the  c u r r e n t  s t u d y ,  was simi lar  to the wide range o* enzymes produced 

by s t ra in  B70. Fur thermore ,  t h e i r  levels were enhanced when the 

s t ra ins  were c u l tu re d  in media conta in ing  lactose ra the r  than glucose 

(F igu re  18). The l ist  includes a- and 0-galactosidase,  a-glucosidase, 

N-acetylg lucosamin idase,  N-acety lgalactosaminidase and o-L- fucos idase 

(Table  12, F igure  18). Many of these ^mzymes may be re la t ive ly  

non -spec i f ic ,  some exh ib i t ing  cross re a c t iv i t y  w i tn  several  subs trates 

in d i f f e r e n t  l inkages (Berg  et a l . ,  198U, Cobezas et al, 1983). By v i r t u e  

of  these enzymes there fo re ,  s t ra ins of Bacteroides vulgatus are capable 

of u t i ' i z in g  a range of subs t ra tes  of  d i f f e r e n t  ca rbohyd ra te  s t ru c tu re s .  

Berg et  al. (1980) even go as fa r  to suggest  tha t  some st ra ins of  the 

species might  be invo lved in ce l lu lo ly t ic  a c t i v i t y .  Because of the unique 

p rope r t ies  of  the Gram-negat ive cell wal l ,  Pr iest  (1984) proposed tha t  in 

th is  g roup  of  bacter ia,  the enzymes des t inpd fo r  expo r t  should be 

synthes ised in the per ip lasmic space. Berg (1981) found th is  to be t ru e  

fo r  Bacteroides vulgaius in J>at most of the glycosidases produced by 

this species are associated w i th  e i the r  the cell envelope o r  wi th the 

membrane. Forsberg  et al. (1981) p rov ide  in te res t ing  u l t r a s t ru c tu ra l  

ev idence that the e x t ra -c e l lu la r  g . , cosidases of Bacteroides succinogenes 

are associated w i th  membrane-bound vesicles released from the cells 

d u r in g  g ro w th .  A l though a search fo r  s imi lar  vesicles was not made in 

stud ies of B. vulgatus, the vesicles seen in micrographs of the rabb i t  

cecal epi thel ium, bear a s t r i k in g  resemblance to those i l lus t ra ted  by 

Forsberg  et al. and in te rp re ta t ion  of F igure  7 is approached with caut ion 

un t i l  more is known about the expor t  of enzymes by Bacteroides.
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The resul ts  of th is  invest igat ion suggest  tha t  events leading to deg ra ­

dat ion of polysacchar ides in the ra b b i t  cecum may be in i t iated wi th  the 

release of b road-spec t rum glycosidau_s by  expo r t  o r  lysis of bacter ia 

s imi lar  to Bacteroides, vulgatus As bacteria l glycosidases are almost e x ­

c lus ive ly  exoenzymes, sugars  would be cleaved from the ends of polymer 

chains to release fermentable subs trates fo r  bacter ia in the v ic in i t y  which 

would move into logar i thmic g row th .  In t race l lu l? r  levels of giycosidasf»s 

• H  o the r  enzymes might accumulate and t h r  g rowth per iod would last 

long as subs trates were avai lable.  When these become exhausted lo­

ca l ly ,  the cells would re -e n te r  s ta t ionary  phase and e x p o r t  more enzymes 

fo r  the degradat ive  process. Thus ,  the presence of  a steady f low of 

mucins into the cecal env ironment ensures s tab i l i t y  fo r  the polysacchar ide 

degrad ing  bacteria upon which the rest of the cecal microf lora depends. 

The bacter ia involved in th is  process in the rabb i t  cecum have been i n ­

vest iga ted in the c u r re n t  s tudy  bu t  the p r inc ip le  p robab ly  applies to the 

large b' -'els of o ther  animals excep t that  d i f f e re n t  species of  bacter ia 

are invo lved in the process of po lvsacchar ide degradat ion.
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CONCLUSIONS

Species d i v e r s i t y  of  the bacteria l microf lora in the rabb i t  cecum is s imilar 

to tha t  found in the  cera of  o ther  animals. I t  is predominated by  ove r

19 d i f f e r e n t  cu l t i vab ie  species inhab i t ing  e i the r  the lumen contents or  

mucosal b lanke t .  A l though species ident i f ica t ion  in th is s tudy  was based 

on ly  on pheno typ ic  c r i t e r ia ,  i t  was shown tha t  populat ion d is t r ibu t ions  

in the two hab i tats  are s l igh t ly  d i f f e re n t ,  f o r  a l though some species were 

found  t h ro u g h o u t  th ^  cecum, o thers were conf ined to one habi tat  o r  the 

o the r .  Bacter ia colon iz ing the n ucosa are l i ke ly  to be l imited to t h “  

ava i lab i l i t y  of  ene rgy  sources wi th in  the mucous gel ,  mainly endogenous 

cecal nrn-cin, and several  species were isolated tha t  could degrade both 

pig  gas t r ic  mucin and rabb i t  intest inal  mucin.  The microorganisms in ­

hab i t ing  the cecal d igesta ,  however,  have a f a r  w ide r  range of subs t ra tes  

avai lable,  mainly d ie ta ry  polysacchar ides and o the r  polymers,  dead 

bior^ass and uf / e r  d iges t ive  t rac t  mucins.  Rabbi t  small intest ine mucin 

was more res is tan t  to d isu lph ide -bond  reduct ion  and to digest ion b /  

bac ter ia ,  than o ig  gas t r ic  mucin,  and reaches the cecum almost in tac t .  

Bacter ia th a t  d iges t  mucins have a broad range of  g lycoside hydrolases , 

sorre of which are found as ex t race l lu la r  enzymes. As approx imate ly  17 

o of s t ra ins  f rom the rabb i t  cecum wers able to digest  mucin to a l imi ted 

ex ten t ,  i t  is concluded tha t  mucin cons t i tu tes  an impor tant  energy source 

fo r  cecal bac ter ia ,  an a l te rna t ive  subs t ra te  in lieu of  d ie ta ry  

po lysacchar ides and a s tab i l iz ing fac to r  fo r  the bacter ia l  populat ions i n ­

hab i t ing  th is  complex ecosystem.



CHAPTER FIVE

APPENDICES

Append ix  1. Prepara t ion  of  p re - re d u c e d  c u l tu re  media

N u t r ie n ts ,  Eh ind ica to r ,  salts solution and p row th  fac tors  were made up 

in the requ i red  volume of  d is t i l l ed  water  and boiled un t i i  ind ica to r  tu rn ed  

green.  The  solut ion was then cooled under  a stream of ’ ?.% o x y g e n - f r ^  

carbon d iox ide  in n i t rogen ,  fed th ro u g h  f lowmeters and de -o *y c a ta ly s t  

( A f ro x  L t d . ) .

Autoc lavab le  sugars ,  neu tral  volat i le f a t t y  acid solut ion,  0.05% cys te ine , 

and 0.1% sodium b icarbonate were added and gas bubbled th ro ugh  unt i i  

the pH s tabi l ized.  Th is  v*as then cor rec ted  to pH 6.5 wi th M sodium 

h y d rox ide .

The p re reduced ,  colour less medium was dispensed into gassed 

screw-capped containers each w i th  a new ru b b e r  l iner .  D i f fe ren t  media 

were ident i f ied  by co lour  codes appl ied to caps with model enamels. 

Preweighed agar  was added to bot t les  f o r  media intended f o r  s lants o r  

plates.  Al l media were autoclaved f o r  15 min at 121°C and stored in the 

d a rk  fo r  a maximum of two weeks.

Solut ions of add i t ives tha t  could not be autoclaved were added to med i 

t h r o j g h  a 0.45vi f i l t e r  un i t  w i th in  the anaerobic cabinet before d isper^ .  

in to  pe t r i  dishes or  st« r i le bott les.
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Appendix 2.  Modified M10 medium (a f ter  Caldwell and Bryan t ,  1966)

Yeast e x t ra c t  (Merck) 0 . 05g

Peptone (Merck) O . lg

T ry p to n e  (Merck) O . lg

Hemin (Sigma) 0.1ml

V i t im m  K (Sigma) 0.02m!

Indigo carmine (BDH) 0.05% 1. Omi

Salts solution A 7 . 5ml

Salts solut ion B 7 5m 1

Cyste ine hyd roch lo r ide  (BDH) 0 . 05g

Sodium bicarbonate 0 . 05g

VFA m ix tu re 2. 4ml

Dis t i l led water  to make 100ml

Th is  was prepared as descr ibed under  p re - reduced  media, co r rec t ing  pH 

to 6 .5 .  Carbohydra tes  were added as desc. ibed in the tex t .
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Append ix  3. Salts solutions

Solut ion A

Sodium ch lor ide  6.0g

Potassium d ihyd rogsn  phosphate 3.0g

Ammonium sulphate 

Magnesium sulphate 

Calcium ch lor ide  

Water to

6.0g

1 2g

0 . 6g 

500ml

Solut ion B

Dipotassium hydrogen phosphate 3.0g 

Watt r  to 500ml

6

Ingred ien ts  were dissolved in the o rde r  g iven.  7.5ml of each solutian 

were added in 100ml of  all media. T u r b i d i t y  a f te r  autoc lav ing re -d isso lved 

when cooled to room tempera ture .
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A ppend ix  4. Anaerobic d i lu t in g  f l u i d  (ADF) 

( a f t e r  Holdeman e t . a l . ,  1977)

Salts solut ion A 

Salts solut ion B 

Indigo carmine; 0.05% 

Sodium carbonate 

Water to make

7. 5ml 

7. 5ml 

1 Oml 

0 . 63g 

100ml

The pH was b ro u g h t  to 6 .5  and the solut ion autoclaved in sealed bott les.

I
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(D r .  A.  K is tne r ,  pers .comm.)

Appendix 5. Volatile fa tty  acid solution

Acetic acid I f  i l

Propionic acid o

B u ty r i c  acid 4m!

Va ler ic  acid 1ml

a -m e th y lb u ty r ic  acid 1 ml

10M NaOH was added v e ry  siowly to acids in a cooled f lask unvil the pH 

was 7.0 and stored at 4°C. The solut ion was odour less and did no’: af fect  

the pH when addeJ to c u l tu re  media.
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Appendix 6. Pre-reduced Brain Heart Infusion medium

(a fte r Holdeman et a ! ., 1977).

Brain Heart Infus ion (Oxoid) 3 , 7g

Yeast e x t ra c t  (Oxoid) 0 . 5g

Indigo carmine, ().5°o 1 .0ml

Cysteine 0 . 05g

Vit im in  K soln. 0.02ml

Haem soln. 1. 0ml

Salts soln A 7. 5ml

Salts soln. B 7 . 5ml

Vvater tc 100ml

Agar 1. 5g

This  was made up as descr ibed in appendix 1, b r in g in g  the pH to 

6 .5  before  s t e r i ' u a t i o n .
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Peptone (D i fco)  0.5g

T ry p to n e  (D i fco)  0.5g

Yeast e x t ra c t  (Oxo id)  l . ^ g

Salts solution A 7.5ml

Salts solution B 7.5ml

Hemin (VP I )  1.0ml

Vi tamin K (VP I )  0.02ml

Sodium b icarbonate 0.05g

Cyste ine (BDH)  0.05g

Dist i l led wa te r  to make 100ml

Medium was p repared  as descr ibed under p re - reduced  media and sugars 

added as requ i red ,  e i the r  before  autoc lav ing or  through 0.45 pm Tilters

into ster i le media.

Appendix 7. PY basal medium

(a fte r Holdeman et al . ,  1977).
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