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Sum m ary . I n  th e  cell w all o f B acillus anthracis  th e  p resence o f d is t in c t  re ce p to rs  sp e ­
c if ic  fo r c e r ta in  groups o f  A phages has b e en  d e m o n s tra te d .

In d iv id u a l re ce p to rs  a re  b ound  to  d if fe re n t  s t ru c tu ra l  e lem en ts o f th e  cell w all. T h e  
re ce p to rs  could  n o t be  id e n tif ie d  w ith  th e  im m u n e-sp ec if ic  p o ly sacch arid e  o f B . anthracis.

T h e  im m une-specific  p o lysaccharide , a  ga lacto se -g lu co sam in e-p o ly m eric  p e p tid e , is  a 
c h a ra c te ris tic  co m ponen t o f  th e  cell wall w h ic h  c a n n o t be iso la ted  b y  m ild  chem ical t r e a tm e n t  
b u t  goes in to  so lu tion  o n  en zy m atic  au to ly s is .

W e have re c e n tly  rep o rted  a b o u t  th e  iso la tion  o f p hages from  soil 
sam p les  [1, 2], w hich h a d  specific ly t ic  a c t iv i ty  on B . anthracis. Some re p re ­
se n ta tiv e s  o f  these  p h ag es were e x te n s iv e ly  s tu d ied . F o r th e  d esig n a tio n  o f 
th is  g roup  o f  agen ts th e  nam e “ A p h a g e ”  w as suggested . A ccord ing  to  th e ir  
s e n s itiv ity  to  h ea t a n d  UV ir ra d ia tio n , fu rth e rm o re  to  som e o th e r c h a ra c ­
te r is tic s , especially  th e ir  an tigen ic  s t ru c tu re ,  th e  A phages could  be d iv id ed  
in to  3 g roups [2]. In  th is  c lassifica tion  th e  а -m u ta n t of p h ag e  W  iso la ted  b y  
M c C l o y  [3] from  a lysogenic  s tra in  o f  B . cereus was used  as reference a g e n t. 
G roup  A1 w as re p re se n te d  by  phage W  w hich  has been k n o w n  to  be h ig h ly  
specific  for B . anthracis. A sharp  d iffe rence  w as found  in  th e  an tig en ic  s tru c tu re  
o f  phages belonging to  g roups A1 a n d  A 3, w hile ce rta in  serologic re la tio n sh ip s  
w ere fo u n d  betw een  g roup  A1 an d  A 2.

T he m u ta n ts  o f  E . coli re s is ta n t to  T  phages e x h ib it a rem ark ab le  h o s t 
sp ec ific ity  w hich  m ay  serve as a b as is  fo r a  d iffe ren tia tio n  o f  th e  T  sy s tem . 
To allow  a m ore th o ro u g h  d iffe re n tia tio n  o f A phages, i t  w as a tte m p te d  to  
iso la te  h o sts  w hich a re  re s is ta n t to  in d iv id u a l A phages. E x c e p t for phage W  
th is  a t te m p t  has fa iled . T h u s re s is ta n t m u ta n ts  o f  B . anthracis w hich  d e te rm in e  
th e  sp ec ific ity  of recep to rs  for in d iv id u a l g roups o f phage w ere only  av a ilab le  
fo r A1 p h ag e . The c h a rac te riza tio n  o f  th e  p hages w as also a tte m p te d  b y  th e  
iso la tio n  o f  A -phage recep to rs . T his a t te m p t  has also fa iled  as we did  n o t 
succeed  in  so lub ilisa tio n  o f  th e  re c e p to rs  specific  for A p h ages. In  sp ite  o f 
th e  fa ilu re  som e o b se rv a tio n s  have b e e n  m ad e  w hich m ig h t p rove  v a lu ab le  
fo r a fu r th e r  c h a ra c te riz a tio n  of A p h ag es . T he p resen t p a p e r  w ill deal w ith  
these  observ a tio n s.
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Materials and methods

Bacterial stra ins. M ost o f our ex p erim en ts  w ere  pe rfo rm ed  w ith  a n  a ty p ic a l aspo ro g e- 
n o u s  B . anthracis s t ra in  D a v is . A non-capsu logen ic  m u ta n t  o f th e  V ollum  s tra in  (VC- ) w as 
also u sed . T he non-cap su lo g en ic  s tra in  re s is ta n t to  W a  phage w as iso la te d  in  con n ec tio n  w ith  
th e  ly so g en iza tio n  e x p e rim e n ts  carried  o a t  w ith  th e  V ollum  s tra in  [4].

Cultivation o f  bacteria. I t  w as carried  o u t  in  a  f lu id  m ed ium  u n d e r  co n s tan t sh ak in g  in  
Y P  b o u illo n  as d escribed  e a rlie r . G row th  a n d  cell c o u n t o f th e  c u ltu re s  w ere d e te rm in ed  b y  
m ea su rin g  th e ir  o p tica l d e n s i ty , as described p re v io u s ly  [2].

Phage strains  w ere  d e sc rib ed  and  c h a ra c te riz ed  in  a p rev io u s p a p e r  [2]. T he g ro u p s a n d  
th e  t ra in s  o f phages w ere:

P hage A l ,  s tra in  W a
P hage  A 2, s tra in s  26 cr a n d  27 cr
P hage  A 3, s tra in s  26 cs, 26 tl, 27 tl, 28 tl,cg, 29 eg.

T h e  phage m a te r ia l  w as produced  o n  s t r a in  D av is c u ltiv a te d  in  flu id  m ed iu m . T h e  
ly sa te s  w ere cen trifu g ed  a n d  ste rilised  by  sh ak in g  w ith  ch loroform  fo r a  few  m in u te s . T itre s  
o f  th e  ly sa te s  were 109 — 1010/m l.

P h ag e  assays w ere  m a d e  according t o  A d a m s  [5 ] .
P reparation o f  bacterial suspensions fo r  receptor studies. Cell suspensions w ere u su a lly  

p re p a re d  from  16-hour c u ltu re s  o f s tra in  D av is  a n d  som etim es fro m  th o se  of s tra in  V o llum  
(VC- ), b o th  c u ltiv a ted  o n  Y P  agar. The cells w ere  su spended  in  ch illed  sa line  and  w ashed  tw ice  
b y  c en trifu g a tio n  in  th e  co ld . T h e  sed im ent w as re -su sp en d ed  in sa line  a n d  d ilu ted  to  c o n ta in  
20 m g /m l d ry  w eigh t o f  b a c te r ia ,  as d e te rm in ed  b y  o p tica l d en sity .

Cell-wall prepara tions. Cell-wall p re p a ra tio n s  w ere o b ta in e d  fro m  w ashed su sp en sio n s 
as desc rib ed  b y  Park a n d  Hancock [6]. F if ty  m l o f  th e  b a c te riu m  suspension  w as c en trifu g e d  
a n d  re-su sp en d ed  in  20 m l o f  5 p e r cen t tr ic h lo ro ac e tic  acid  (TCA) a t  4° C. T he m a te r ia l  w as 
a llow ed  to  s ta n d  for 30 m in u te s  a t  th is  te m p e ra tu re . T h is w as fo llow ed b y  c en trifu g a tio n  a n d  
th e  sed im en t was w ash ed  in  75 pe r cen t e tb a n o l, re -su sp en d ed  in  5 p e r c en t TCA a n d  h e a te d  
to  90° C fo r 6 m in u tes . A f te r  cen trifu g a tio n  th e  se d im en ted  b a c te r ia  w ere w ashed  in  w a te r  
a n d  re-su sp en d ed  in  0.05 M  am m onium  ch lo ride  so lu tio n . T he p H  o f th e  la t te r  w as a d ju s te d  
to  p H  7.6 by  N H 4 O H . A f te r  ad d itio n  of 1 m g /m l o f c ry sta llin e  t ry p s in  th e  m a te ria l w as d i­
g e s ted  fo r 2 to  3 h o u rs  a t  37° C.

T h e  process w as fo llow ed  b y  e x am in a tio n  u n d e r a p h a se -c o n tra s t  m icroscope. I f  th e  
t r e a tm e n t  d id  n o t r e su lt  in  rem o v in g  th e  cell c o n te n t, t ry p s in  d ig es tio n  was re p ea te d . D ig es­
t io n  w as follow ed by  w a sh in g  in  w a ter th ree  tim es . T h e  f in a l susp en sio n  w as s to red  ;n  a  re fr ig ­
e ra to r .

E v en  a fte r  successfu l try p s in is a tio n  i t  w as possib le  to  id e n tify  inside  th e  cell w all a 
sh ru n k  d a rk  c en tra l p a r t ,  a p p a re n tly  a resid u e  o f th e  cy to p lasm ic  m em b ran e . T h is m ass w as 
re m a rk a b ly  e lectron  den se , as d e m o n s tra ted  in  F ig . 1. I t  could  n o t  be  rem oved  b y  so lv e n ts  
o r  en zym es (lipase, ly so zy m e , ch y m o try p sin , p e p sin , ribonucléase). E x tra c t io n  o f th e  cell-w all 
p re p a ra tio n s  w ith  90 p e r  c e n t  phenol re su lted  in  fu r th e r  sh rin k ag e  o f th e  e lectron  dense  b o d y , 
a n d  in  fu r th e r  increase  o f  i t s  d en sity  (F ig . 2.). T h e  e lec tro n  m ic ro g rap h s rev ea led  w rin k lin g  
o f th e  cell w all a t  th e  p o les .

D eterm ination o f  the receptor substance. T h e  q u a n ti ty  o f re c e p to r  su b stan ce  in  b a c te r ia l  
su sp en sio n s and  cell-w all p re p a ra tio n s  w as e s tim a te d  on  th e  b asis  o f th e ir  p hage  ad so rb in g  
c a p a c ity . L iv ing, a p p ro p r ia te ly  tre a te d  b a c te r ia  o r cell-w all p re p a ra tio n s  w ere su sp en d ed  in  
Y P  b ro th  to  a  d e n s ity  o f 5 X 107 cells or cell w alls p e r m l. A n  e q u a l a m o u n t of Y P  b ro th  co n ­
ta in in g  107 phage p a r tic le s  w as added  to th e  susp en sio n s (m u ltip lic ity  0.2), th e  m ix tu re s  w ere  
a llow ed  to  s ta n d  a t  37° C fo r 30 m inu tes, th e n  d ilu te d  1 : 100 b y  cold  d ilu en t (one v o lu m e Y P  
b r o th  a n d  4 volum es sa lin e ). T he d ilu ted  su sp en sio n s w ere c en trifu g e d  a t  3000 rp m  fo r 10 
m in u te s . T he s u p e rn a ta n ts  w ere again  d ilu te d  1 : 100, an d  0.1 m l o f  th is  d ilu tio n  m ix ed  w ith  
in d ic a to r  organism s w as o v e rlay ered  in  so ft ag ar.

T he recep to r c o n te n t  o f  cell-free e x tra c ts  w as d e te rm in ed  b y  th e ir  p h a g e -in a c tiv a tin g  
a c t iv ity .  As described  b y  W e id e l  [7], th is  re ac tio n  is p seu d o m o n o m o lecu lar an d  irrev e rs ib le  
in  th e  p resence of a n  excess o f  dissolved re c e p to r . To secure  a n  a p p ro p ria te  re ce p to r excess, 
p h a g e  w as ad d ed  to  p re p a ra tio n s  correspond ing  5 X 107/m l b a c te r ia  in  0.001 m u ltip lic ity .

Chemical exa m in a tio n  o f  bacterial and cell-w all prepara tions. N itro g en  c o n te n t w as d e ­
te rm in e d  b y  n ess le riza tio n  acco rd ing  to  Mil l e r  a n d  M il l e r  [8]. T h e  m eth o d  of F is k e  a n d  
S u b b a R ow [9] was u se d  fo r phosphorous d e te rm in a tio n . A n th ro n e -p o s itiv e  m a te ria ls  w e re  
d e te rm in e d  as su g g ested  b y  S e if t e r  et al. [10].
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F ig . 1. C ell-m em brane  p rep ara tio n  fro m  s tra in  D av is  (according to  P a r k  an d  H ancock)
M ag n ifica tio n  X  10 000

F ig . 2. C ell-m em brane p re p a ra tio n  a f te r  phenol e x tra c tio n . 
M ag n ificatio n  X  18 000

F o r th e  e x a m in a tio n  of th e  cell-w all c o m p o n en ts , sam ples c o n ta in in g  20 m g of d ry  su b ­
s ta n ce  w ere m ixed  w ith  1 m l 2N  HC1, sealed  in  am p ou les, and  k e p t a t  100° C fo r 2 h ours. 
T h e  b u lk  of h y d ro ch lo ric  acid  was rem o v ed  b y  d is til la tio n  un d er re d u ce d  p re ssu re , w hile th e  
re s id u a l acid  w as rem o v ed  in  an  N aO H  ex sicca to r.

T he h y d ro ly sa te  th u s  ob ta in ed  w as used  fo r th e  d e te rm in a tio n  o f th e  to ta l  red u cin g  
su b s ta n c e  by  th e  m eth o d  of H a g edo rn  a n d  J e n s e n  [11]. T he re su lts  o b ta in e d  w ere expressed  
in  g lucose v a lues. T h e  a m o u n t o f hexosam ine  p re se n t w as de te rm in ed  acco rd in g  to  N e u h a n s  
a n d  L e t z r in g  [12]. T h e  in d iv id u a l m o n o sacch arid e  com ponents o f th e  h y d ro ly sa te s  w ere 
d e te rm in e d  b y  one d im ensional ascending p a p e r  ch ro m a to g ra p h y , on  W h a tm a n ’s p ap er No. 1. 
T w o so lv en ts  w ere  used  in  paralle l, (a) b u tan o l-p y rid in e -w a te r  (6 : 4 : 3), a n d  (b) p y rid in e - 
-e th y l-a c e ta te -w a te r  (7 : 10 : 3). The c h ro m a to g ra m s w ere developed e ith e r  b y  an iline  p h o s­
p h a te  or b y  am m o n iu m  silver n i tra te  so lu tio n .
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F o r th e  ana ly sis  o f th e  am ino-ac id  co m p o n e n t th e  p re p a ra tio n s  w ere h y d ro ly sed  b y  6 
N  HC1 a t  105° C fo r 8 h o u rs . A fte r  h av in g  re m o v e d  th e  acid , 20 /ig  a m o u n ts  w ere u sed  fo r 
p a p e r  ch ro m a to g ra p h y . T w o d im ensional c h ro m a to g ra m s w ere r u n  in  p y rid in e -w a te r  (4 : 1), 
a n d  N -b u tan o l-ace tic  ac id  a n d  w a te r  ( 6 : 1 : 2 )  so lv en ts , re sp ec tiv e ly . T he c h ro m a to g ram s 
w ere developed  b y  0.1 p e r  c e n t  so lu tio n  o f n in h y d rin e  in  ace to n e  a n d  d ry ed  a t  105° C fo r 5 
m in u te s .

T he lip id  c o n te n t w as d e te rm in e d  b y  e th e r  e x tra c tio n  o f  a  h y d ro ly sa te  in  2 N  HCL]

Results

The sensitiv ity  o f  Y C ~ /a , a W a phage resistant s tra in , to heterologous 
phages. V arious d ilu tio n s  o f  phages w ere d ro p p ed  o n to  th e  surface o f in d ic a to r  
p la te s  p rep a red  w ith  s tra in s  VC-  a n d  \C ~ ja .  The re su lts  are p resen ted  in  
T ab le  I .

Table I

Titre o f  d ifferen t phages on sensitive  V C~ and resistan t VC“/a  stra in

P h a g e
gro u p

P hage
s tra in

P h ag e  t i t re
( lo g a rith m ic  v a lu e  o f  d ilu tio n )

v c - V C —/ a

A1 W  a 7 0*
A2 26 cr 7 5

27 cr 6 6

A3 26 cs 6 5

26 tl 7 7

27 tl 7 6

28 cs 7 6

28 tlcg 6 6

29 eg 7 6

* P lan e  ly sa te  h a d  no effect.

As revealed  b y  T ab le  I  s tra in  \C ~ ja  re s is ta n t to  phage W a w as ju s t  
as sensitive to  hetero logous phages as th e  orig inal s tr a in  VC~. In  a d so rp tio n  
ex p erim en ts  s tra in  V C _ /a  failed to  ad so rb  phage W a, w hile no changes could  
be  observed  in  th e  ad so rp tio n  of som e re p ré se n ta n ts  o f th e  o th e r phage ty p e s . 
W e d id  n o t succeed in  o b ta in in g  m u ta n ts  re s is ta n t to  o th e r  phages, th u s  no 
cross experim en ts  cou ld  be p erfo rm ed .

A ttem pts to solubilize the receptor substance. S uspensions of B . anthracis 
w ere e x tra c te d  u n d e r  d iffe ren t co n d itio n s an d  th e  phage-b in d in g  c a p a c ity  
o f  th e  b ac te ria  an d  th e  p h a g e -in a c tiv a tin g  a c tiv ity  o f  th e  e x tra c ts  w as e s ti­
m a te d . U sually  p h ag e  W a was a p p lied , while in  som e ex perim en ts ce rta in  
re p ré se n ta n ts  of g roups A2 an d  A3 (2 7  cr an d  29 eg s tra in s )  were also em ployed  
to  d e te c t th e  presence  o f th e  recep to r.
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Sam ples of th e  m o is t b ac te ria l su spension  w ere tr e a te d  fo r 30 m in u tes  
a t  room  te m p e ra tu re  w ith  0.1 N  N aO H , 90 p e r cen t pheno l, e th y len e  glycol 
o r g lacial acetic  ac id . N one o f these  tr e a tm e n ts  h a d  a n y  effect on th e  phage- 
ad so rb in g  cap ac ity  o f  th e  b ac te ria . S im ila rly , no  decrease in  th e  adso rb in g  
c a p a c ity  was found  on t re a tm e n t w ith  d iffe ren t enzym es a t  p H  7 in p h o sp h a te  
b u ffe r. C rystalline t r y p s in ,  ch y m o try p sin , rib o n u c léase , lysozym e a n d  a 
lipase  co n cen tra te  p ro v e d  equally  ineffec tiv e .

W ashed  b a c te r ia  w ere a u to ly se d  in  th e  presence o f try p a fla v in e  
(20 /tg/m l) in  pH  8 p h o sp h a te  buffer (M  0.02) u n d e r  a to lu en e  lay e r a t 37°C fo r 
48 ho u rs . The G ram  n eg a tiv e  cell d eb ris  th u s  o b ta in e d  w as sed im en ted  a t  
3000 rp m  for 10 m in u te s . T he s ligh tly  o p a lescen t su p e rn a ta n t  h ad  a rem ark ab le  
in a c tiv a tin g  effect on ph ag e  W a, while a g a in s t th e  o th e r  tw o  i t  was ineffec tive. 
T h is su p e rn a ta n t, a f te r  30 m in u te s’ c e n tr ifu g a tio n  a t  10 000 rp m  yie lded  a 
l i t t le  sed im ent and  a c lear s u p e rn a ta n t. The la t te r  w as d ep rived  o f in a c t iv a t­
in g  a c tiv ity , th u s  a p p a re n tly  th e  sed im en tab le  b a c te r ia l d e tr i tu s  was re sp o n ­
sible for th e  in a c tiv a tio n  o f phage W a.

T he cell w all o f B . anthracis cou ld  be ly sed  on ly  b y  re la tiv e ly  ro u g h  
m eth o d s, e. g. b y  a lk a lin e  NaOCl so lu tio n  [13] w hich , how ever, does n o t seem  
to  leav e  in ta c t th e  o rig in a l chem ical s tru c tu re s . E x tra c tio n  o f th e  re c e p to r 
b y  fo rm am ide so lu tio n  w as a tte m p te d  u n d e r d iffe ren t cond itions. L yoph ilised  
b a c te r ia  were su sp en d ed  in  co n c e n tra ted  fo rm am id e  an d  h e a te d . T his w as 
follow ed b y  re p e a te d  w ash ing  an d  te s tin g  fo r p h ag e-b in d in g  cap ac ity . No 
decrease in  the  a d so rb in g  cap ac ity  fo r p h ag e  A3 to o k  p lace, even a fte r  e x tra c ­
tio n  a t  170°C for 30 m in u te s . This p ro ced u re , how ever, re m a rk a b ly  red u ced  
th e  adsorb ing  c a p a c ity  fo r group A1 a n d  A2 ph ag es. N evertheless, no ac tiv e  
so lubilised  recep to rs  w ere d em o n strab le  in  th e  fo rm am ide  s u p e rn a ta n t. 
B ac te ria  e x tra c te d  w ith  form am ide w ere fo u n d  to  h av e  u n d am ag ed  con tou rs 
in  p re p a ra tio n s  s ta in e d  accord ing  to  Gutstein . T he e x tra c t  co n ta in ed  on ly  
tra c e s  of th e  im m une  specific  p o lysaccharide  o f B . anthracis [14]. T hus even  
ex ten siv e  form am ide t re a tm e n t d id  n o t  re su lt in  re m ark ab le  so lub iliza tion  o f 
th e  cell-wall co m p o n en t. The specific recep to rs  o f phages A1 an d  A2 on th e  
o th e r  h a n d  were in a c tiv a te d  on fo rm am id e  t r e a tm e n t  a t  170°C.

A n 0.1 per c en t so lu tio n  of th e  im m u n e  specific  po lysaccharide  of B . 
anthracis  was d e fin ite ly  ineffective a g a in s t a ll th e  phages te s te d . T hus th e  
re c e p to r  substances cou ld  no t be id en tified  w ith  th e  galac tose-acety l-g lucos- 
am in e  m ucopep tide.

W e did  n o t succeed  in  solubilising  th e  recep to rs  b y  lysozym e tre a tm e n t 
th o u g h  it  is well kn o w n  th a t  th is  enzym e is able to  lyse com plete ly  th e  b a c te r ia  
u n d e r ap p ro p ria te  e x p e rim e n ta l co n d itio n s. Y o u n g  cu ltu res  grow n in  Y P  
b ro th  (0.5 o. d.) w ere cen trifuged , th e  sed im en t w as w ashed  an d  resu sp en d ed  
in  a p H  8 tr is -b u ffe r, a n d  50 |Wg/ml o f  lysozym e w as ad d ed . T his t re a tm e n t 
re su lte d  in a re m a rk a b le  decrease o f th e  o p tica l d e n s ity  o f th e  suspension
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a n d  no  in ta c t b a c te r ia  could  be d e te c te d  b y  m icroscopic e x a m in a tio n . T he 
c le a r  su p e rn a ta n t o b ta in e d  on c e n tr ifu g a tio n  was ad d ed  to  eq u a l am o u n ts  o f  
p h ag es  in  Y P  b ro th  a n d  th e  m ix tu re  w as assayed  fo r phage a t  in te rv a ls . 
T h e  e x tra c t  was fo u n d  to  be in effec tiv e , in  in a c tiv a tin g  p h ag e ; th is  in d ic a te d  
th e  absence of ac tiv e  re c e p to r  su b s ta n c e  in  th e  lysozym e e x tra c t .

F ig . 3. Changes in the optical density of Davis suspension on different treatments. A  live 
untreated suspension; В  after boiling TCA extraction; C trypsin-digested suspension after

TCA treatment

E xam ina tion  o f  the phage-binding capacity o f  cell-wall p repara tions . 
F ig . 3 d em o n stra te s  th e  UV a d so rp tio n  o f a suspension o b ta in ed  from  s tra in  
D av is  b y  e x trac tio n  w ith  boiling trich lo ro ace tic  acid  an d  try p s in  d ig estio n .

E x tra c tio n  w ith  bo iling  TCA re su lte d  in  a rem ark ab le  d rop  o f th e  
e x tin c tio n  values in  th e  range b e tw een  255 an d  266 m p . The v e ry  low  a d ­
so rp tio n  observed fo r th e  cell-wall p re p a ra tio n s  o b ta in ed  b y  try p s in  d igestion  
re v e a le d  a slight in f le c tio n  a t  260 to  280 m p. F ig. 4 co n ta in s  th e  d a ta  on th e  
p h a g e  adso rp tio n  (A l,  A2 an d  A3 group) of th e  cell-w all p re p a ra tio n s  a t  th e  
d iffe re n t phases of P a r k  an d  H a n c o c k ’s procedure.

L iv ing , no t w ash ed  b ac te ria l suspension  ad so rbed  all th e  3 phages to  
90 to  98 per cen t. T h e  ra te  of a d so rp tio n  o f A1 (W a) an d  A2 (21 cr)  phages.
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decreased  re m a rk a b ly  d u rin g  th e  consecu tive t r e a tm e n t, w hile th e  ad so rb tio n  
o f A3 (29 eg) w as essen tia lly  u n ch an g ed . T he d ifference in  adso rp tio n  o f  
in d iv id u a l p hages ap p ea red  a f te r  t re a tm e n t w ith  bo iling  TCA , an d  in creased , 
on fu r th e r  t r e a tm e n t  w ith  try p s in  an d  lysozym e.

The e x p e rim en t d e m o n s tra te d  above w as p erfo rm ed  w ith  one re p re se n t­
a tiv e  of each  ph ag e  group . S im ilar re su lts  w ere o b ta in e d  in  a n o th e r  ex p erim en t 
w here all th e  p hage  s tra in s  be logn ing  to  th e  3 phage g ro u p s w ere exam in ed .

A d s. %

Fig. 4. Phage binding of a suspension of strain Davis (per cent) after different treatments

In  th is  ex p e rim en t th e  suspensions of s tra in  D avis w ere ex am in ed  for phage 
ad so rp tio n  fo llow ing d iffe ren t tre a tm e n ts .

S hort h e a t tre a tm e n t caused  a m o d era te  decrease in  th e  adso rp tio n  o f  
all th e  phages. E x tra c tio n  w ith  boiling  TCA an d  try p s in  tre a tm e n t (“ cell- 
w all” ) re su lted  in  a rem ark ab le  decrease in  th e  a d so rp tio n  o f W a an d  A2 
phages. T he sam e tre a tm e n t w as, how ever, ineffec tive  on th e  recep to r o f  
phages belong ing  to  group A3, while th is  recep to r w as m o s tly  dam aged  a t  
au to lysis . A  sh o rt h ea t t r e a tm e n t o f b a c te ria  su sp en d ed  in  saline re su lted  
in  a sligh t decrease in ad so rp tio n  o f g roup  A3. N ev erth e less  th is  re c e p to r  
ap p eared  to  be re s is ta n t to  bo iling  fo rm am ide or bo iling  TCA.
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Table II

P hage b inding o f  the su sp en sio n  o f  B . an thracis strain D avis a fter d ifferen t treatm ents

Suspension

Grade of adsorption in per cent
Members of the individual phage groups

A1 A2 A3
Wa 26 cr 27 cr 26 cs 26 tl 27 tl 28 cs 28tlcg 29 eg

Live washed bacteria (1) 97 88 90 80 94 91 94 90 98
Heat treated bacteria (2) 88 88 70 70 92 73 83 62 70
Cell wall636 (3) 10 51 44 85 98 96 92 89 97
Autolysed bacterium (4) 72 46 52 43 8 0 28 23 41

(1) Live Davis suspension.
(2) Five ml of Davis suspension in test tube, kept for 1 minute in a 100° C water bath 

and cooled at room temperature.
( 3 )  After hot trichloroacetic acid and trypsin treatment according to P a b k  and H a n ­

c o c k .
(4) The suspension was autolysed in the presence of 20 p g /m l  trypaflavine in a pH 8 

phosphate buffer at 37° C for 48 hours and the phage adsorption of the centrifuged sediment 
was determined.

Chemical ana lysis  o f  the cell-wall preparations. Som e chem ical c h a ra c ­
te r is t ic s  of live b a c te r ia  o f s tra in  D av is  an d  those o f  d iffe ren t p re p a ra tio n s  
o b ta in e d  from  s tra in  D av is are  g iven  in  T able I I I .

Table III

S o m e  chemical characteristics o f  washed D avis suspension  and cell-wall prepara tion , calculated
according to dry  m aterial content*

Suspension No
Nitrogen Phosphorus Sugar

(anthron)
Reducing
material Hexosamine Lipid

Per cent

Davis I 9.3 1.2 3.8 4.0 1.8] 2.2
Davis II 11.0 10.7 1.5 1.4 4.8 - 4.0 4.4 2.3 Í 2Л

3.4 2.8
Davis III 12.0 1.6 3.5 Í 4.3 2.2 ( 2.8

Cell-wall I 3.5 0.5 8.0 13.6 7.2 2.9
Cell-wall II 3.6 3.6 0.8 0.6 8.6 7.6 13.4 13.5 7.9 7.2 2.7 3.0
Cell-wall III 3.7 0.6 6.8 13.7 6.6 3.4

* Results and means of 3 different examinations.

The o b ta in ed  cell-w all p re p a ra tio n s  am oun ted  on th e  average to  25 
p e r  c en t of the  b a c te r ia l w eigh t. O n ly  ab o u t h a lf  o f th e  N  an d  P  co n ten t 
o f  th e  orig inal b a c te r ia l cells was p re se n t in  th e  cell-w all p re p a ra tio n s . This 
is  in  accordance w ith  th e  decrease in  th e  UY a d so rp tio n  o f th e  cell-w all
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su sp en sio n , in d ica tiv e  o f  a m arked  decrease  in  nucle ic  ac id  and  p ro te in . 
T he c a rb o h y d ra te  c o n te n t of the  p re p a ra tio n s  ap p eared  to  be co m p ara tiv e ly  
h ig h er th a n  th a t  o f th e  b a c te ria l su sp en sio n , as m easu red  b y  th e  to ta l  a m o u n t 
o f an th ro n e-p o sitiv e  a n d  reducing  su b s ta n c e . The c a rb o h y d ra te  c o n te n t o f  
th e  cell-w all p re p a ra tio n s  as ca lcu la ted  fro m  th e  a n th ro n e -p o s itiv e  su b stan ces  
a n d  hexosam ine was fo u n d  to  be a b o u t 15 p er cent. I t  sh o u ld  be stressed  t h a t  
th e  hexosam ines are a n th ro n e -n e g a tiv e  su b stan ces . T he to ta l  am o u n t o f re d u c ­
in g  su b stan ces as d e te rm in e d  by  th e  m e th o d  of H a g e d o r n  an d  J e n s e n  a n d  
ex p ressed  in  glucose gave  som ew hat lo w er values. T h is m ig h t be ex p la in ed  
b y  d ifferences in  th e  re d u c in g  value o f  in d iv id u a l c a rb o h y d ra te  co m p o n en ts .

P a p e r  c h ro m a to g ra p h y  of the  ce ll-w all p rep a ra tio n s  rev ea led  th e  p resence  
o f  ga lac tose  and  g lucosam ine. This is  in  ag reem en t w ith  th e  chem ical co m ­
p o sitio n  o f the  p o lysaccharide  iso la te d  from  B . anthracis  [14]. In  c e r ta in  
h y d ro ly sa te s  a fa in t sp o t was found  o f  h ig h er Ry th a n  th o se  of g lucosam ine 
a n d  galac tose . This sp o t could  no t be id e n tif ie d . I t  m ig h t h av e  been m u ram ic  
a c id  as a fa in t n in h y d rin e -p o sitiv e  s p o t could  also be fo u n d  in  th e  sam e a re a . 
T h e  presence  o f  a lan in e , g lu tam ic a c id , glycine, d iam ino-p im elic  ac id  a n d  
a sp a rtic  acid  could be d em o n stra ted  in  h y d ro ly sa tes  o f  cell wall.

D iscussion

O ur ex perim en ts h av e  y ielded c e r ta in  d a ta  co n cern in g  th e  d iffe ren t 
recep to rs  specific fo r th e  d ifferen t g ro u p s  of A ph ag es. A  good ag reem en t 
could  be observed b e tw een  the  d ifferences in  th e  recep to rs  an d  th e  g ro u p in g  
o f  th e  A phages b ased  on th e ir  a n tig e n ic  s tru c tu re  a n d  o th e r  ch a rac te ris tic s  
(UY, h e a t an d  c itra te  sen sitiv ity ). T h ese  resu lts  h av e  ju s tif ie d  ou r ea rlie r 
p ro p o sa l to  div ide p h ag es A in to  a t  le a s t  3 groups.

A  m u ta n t of B . anthracis  re s is ta n t to  phage W a (A l)  ex h ib ited  u n a lte re d  
se n s it iv ity  to  phages A2 an d  A3. T h is phenom enon  in  i ts e lf  p roved  th e  d is ­
t in c tn e ss  o f the  recep to rs  o f phage A l .  T he recep to rs o f  phages A2 a n d  A3 
can  be d iffe ren tia ted  on th e  basis o f  th e ir  b ehav iou r on  tre a tm e n t w ith  h o t 
(170°C) form am ide. O n au to lysing  th e  cells, th e  recep to rs  o f phages A l  a n d  
A2 w ere p resen t in  re m ark ab le  a m o u n ts  in  th e  cell d eb ris , while s im ila rly  
o b ta in e d  debris w ere p rac tica lly  in e ffec tiv e  in  a d so rb in g  phage A3. T h is, 
how ever, d id  no t m ean  th a t  th e  g lucose-galactose p o ly m e r solubilised on 
a u to ly s is  h ad  an y  re c e p to r  effect o n  A3 phages.

T he cell-wall p re p a ra tio n s  o b ta in e d  according to  P a r k  and  H a n c o c k  
e x h ib ite d  an  u ndam aged  recep to r a c t iv i ty  on ly  aga in st A3 phages. T rich lo ro ­
a c e tic  ac id  and  try p s in  tre a tm e n t w as  fo u n d  re m a rk a b ly  to  in a c tiv a te  th e  
o th e r  tw o  recep to rs. O n fu rth e r  t r e a tm e n t  w ith  ly sozym e th e  A l re c e p to r  
w as to ta l ly  destro y ed . E x tra c tio n  w ith  bo iling  tr ic h lo ro a c e tic  acid has b een  
know n  to  solubilize r ib i ty l  p h o sp h a tid e s  (theicoic acid) [6]. This su b s ta n c e ,
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h o w ev er, could n o t  b e  id en tif ied  w ith  e ith e r  of th e  re c e p to rs . On th e  b as is  
o f  o u r  experim en ts  we m a y  th erefo re  s ta te  t h a t  th e  lo c a lisa tio n  of A1 a n d  A2 
re c e p to rs  is d iffe ren t fro m  th a t  o f th e  A1 recep to r.

The im m u n e-sp ec ific  p o lysaccharide  w hich is a g lucose and  g a lac to se  
p o ly m e r co n ta in in g  a p e p tid e  m oie ty  [14] w as found  to  be o n ly  a p a r t  o f  th e  
s t ru c tu re  of th e  ce ll-w all p re p a ra tio n s  o b ta in e d  from  B . anthracis b y  th e  
m e th o d  o f P a r k  a n d  H a n c o c k . The s t ru c tu re  o f th e  cell w all o f B . anthracis  
a p p e a rs  to  be h ig h ly  re s is ta n t  to  d iffe ren t chem ical t r e a tm e n ts .  The m ucopep- 
t id e , a s tru c tu ra l e le m e n t o f th e  cell w all, could n o t  be  solubilised b y  
a n y  o f the  ch em ica l m eth o d s ap p lied . E n zy m a tic  t r e a tm e n t  (ly sozym e, 
a u to ly s is ) , how ever, re a d ily  dissolved th is  m a te ria l from  th e  cell w all.
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