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A b stra c t

STUDIES OF THE CATALASE ACTIVITY OF HBKOPHILUS PERTUSSIS 
AND ANTIGENICALLY RELATED ORGANISES

By L u c ile  M. Portwood

F i f ty - f iv e  s t r a in s  o f smooth Hamophilus p e r tu s s i s ,  fo u r  s t r a in s  o f 

rough H. p e r tu s s i s ,  10 s t r a in s  o f th e  p a r a p e r tu s s is  b a c i l lu s  and 10 s t r a in s  

o f  B ru c e lla  bronchi s e p tic a  were examined f o r  c a ta la s e  a c t i v i t y .

In  developing  a te c h n ic  fo r  q u a n t i ta t iv e  measurement o f  c a ta la s e  

a c t i v i t y ,  i t  was found th a t  in  a given i n i t i a l  co n c en tra tio n  o f HgOg, the  

c a ta la s e  a c t i v i t y  o f  a  c u l tu re  was p ro p o rtio n a l to th e  b a c te r i a l  concen tra­

t io n  w ith in  a range of one to  seven b i l l io n  organism s p e r  m l . ,  and th a t  the  

m easured c a ta la s e  a c t i v i t y  o f  a given suspension  v a r ie d  w ith  th e  i n i t i a l  

co n c en tra tio n  o f  HgOg*

The c o n d itio n s  o f growth th a t  were s tu d ie d  in  r e la t io n  to  t h e i r  e f f e c t  

on c a ta la s e  a c t i v i t y  were c u l tu re  m edia, tem p era tu re  o f  in c u b a tio n , and 

age o f  c u l tu re .  1/hen c u ltu re s  were compared on d i f f e r e n t  m edia, th e  h ig h e s t 

a c t i v i t y  o f  th e  p a ra p e r tu s s is  b a c i l lu s  and Br. b ro n c h ise p tio a  was o b ta in ed  

in  T ry p to se -g lu co se  b ro th  and th e  low est on v e a l in fu s io n  a g a r . S tra in s  

c u ltu re d  on B ordet Gengou a g a r  gave in te n n e d ia te  v a lu e s . The in cu b a tio n  

tem p era tu re  fo r  optimum a c t iv i ty  o f H. p e r tu s s i s  was 33°C. There was a  

g r e a te r  d ecrease  in  v a lu es  a t  h ig h e r  tem p era tu res  than a t  low er ones. The 

age o f  th e  c u l tu re  a t  which maximum a c t iv i t y  was reached  and th e  d u ra tio n  

o f  maximum a c t iv i t y  were no t th e  same fo r  a l l  c u l tu re s .  C u ltu re s  o f each 

o f  th e  th re e  sp ec ie s  u s u a l ly  showed maximum a c t i v i t y  a f t e r  in c u b a tio n  f o r  

two days.

S ix teen  p e r  can t o f  th e  s t r a in s  o f  Hj_ p e r tu s s i s  examined showed no 

c a ta la s e  a c t i v i t y  but m a in ta in ed  a l l  th e  c h a r a c te r i s t i c s  o f  smooth s t r a in s .



From, a g g lu tin a tio n  t e s t s  perform ed w ith  adsorbed s e ra , th e re  was no 

in d ic a t io n  o f any d if fe re n c e  in  th e  a n tig e n ic  s tr u c tu r e  o f  the  groups o f  

s t r a in s  w ith  and w ithout c a ta la s e  a c t iv i ty .  The s t r a in s  which showed no 

c a ta la s e  a c t i v i t y  were k i l l e d  more r e a d i ly  by HgOg than  were th o se  w ith  

c a ta la s e  a c t i v i t y .  S t r a in s  o f  H. p e r tu s s is  which r e ta in e d  a l l  c h a ra c te r is ­

t i c s  o f  smooth s t r a in s  through  a number o f su b cu ltu re s  had no s ig n if ic a n t  

v a r ia t io n  in  c a ta la s e  a c t i v i t y .  Three c u l tu re s  which lo s t  th e  a b i l i ty  to  

decompose HgOg showed c o n c u rren tly  a lo s s  in  c h a r a c te r i s t i c s  which ty p ify  

smooth s t r a in s .

Except f o r  th e  16 p e r  cent o f  auooth  s t r a in s  o f  H. p e r tu s s is  which 

showed no a c t iv i t y ,  «nooth s t r a in s  had a  h ig h e r  c a ta la s e  a c t iv i ty  than  

rough ones. D etec tion  o f  d is s o c ia t io n  by a g g lu tin a tio n  in  the  p resence  

o f  t ry p a f la v in e  was n o t  a p p lic a b le  to  H. p e r tu s s is  s in c e  bo th  smooth and 

rough s t r a in s  a g g lu tin a te d .

For r e ta in in g  c a ta la s e  a c t i v i t y  o f  c e l l s  during a p e rio d  of s to ra g e , 

a low tem pera tu re  and a h igh  co n c en tra tio n  o f c e l l s  o f fe re d  th e  b e s t  

c o n d itio n s . Phenyl m ercu ric  b o ra te  was th e  most s a t i s f a c to r y  p r e s e rv a t iv e .

The c a ta la s e  a c t i v i t y  o f snooth s t r a in s  o f  th e s e  th r e e  sp ec ie s  was 

n o t s ig n i f ic a n t ly  d i f f e r e n t .  There was some v a r ia t io n  in  c a ta la s e  a c t i v i t y  

w ith in  each sp ec ies  bu t th e se  d if fe re n c e s  were not c o r re la te d  w ith  any 

o th e r  c h a r a c te r i s t i c .
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:n;i a / l l i l I I C / L Q  ..nib's bU jlGi'alu .£-

r enoo-iulua pertuss i s  i s  t re'-ntively i s e c t i v e  spec ies .  lor ■ roveth 

i t  requires & hi 1 concentration of  bioou or enrichin;. substances,  i b i s  

or^anisn doss not produce inciol,  does not reduce n i t r a t e s  sac shots no 

notion in uooin contrinin earbobyrlrctos. I t  coos herolyse  rod c e l l s  

■in! i t  i.oos eliov; cuta lrce n a t iv i ty .  .. smooth serein of pertuscds 

aon'ncos s ,yAeri  .le.'snrer i c  sncroe is  i '  ;U ski.: u i  t u f r r l  r; b l i t s  

■■re i s  l e th a l  for l e e  nr ion susnendec in ruoin. rid in jec ted  in ereperiton-  

cr ! ly  in ler, o doses,  such es throe l l i - i ion  o y y n i s  is. jS Luo ore.Ciiism 

d is  o c i e t e s  i t  shores e decrease in a: . - lu t inct ion  t i t e r ,  a lo s s  in tonic  

/’roper t i e s  vs hi ch. voouce suie n oc.ro s i s ,  r drop in v irulence,  cnu i t  

i’Ocos.es runutod \.o a blood-free  medium.

Included in su i t  stud;/ of  per tuss is  rro the n:ni. ouieci..:' related  

S”Ocies, '.drucolU.-- cron cl d s e o t i  c v can. i re  pari: pertuss is  c i l  i.us. ihe  

relat ionship  o l  the outipanic structure of  a.  o e r t u s i i s  end I r .  nrorcni- 

septi c a  v;as shorn in srry - no doole ( l i )  " i th  v ie  cy.p/lutination end 

siun,iutinin-absoj.‘ptioii rerct ions ,  end b; ferry sue, h l i x  (Id) i l t l i  corpleeent  

i l xst ios i  t e s t s ,  n ice  :jortus;.;'ip, :t_. b ron cj; i s  opt  i  cc i s  in ac t ive  in  

cri’bohycbr te  media anu (.ep.onstrstes cctninse  a c t i v i t y ,  .cii'i'eriny Iron 

i_x yortus . i s ,  i t  i s  o . l i e ,  reduces n i t r a te s ,  and i s  .Lethal for r i c e  in 

scrAisr coses,  .: bout nO r i l i i o n  o r . f i i s e R  on irrr sneritonesr in jec t ion .

xhe era pertuss is  x c i i i u s  cr,.s (’.ascribed Ly doerim me end rick  

(9 ) .  ihey  suorec I;, cu ltura l  chur . -c ter is t ie s  and by r . lu t ir . ia -  

ebsorptiou ves t s  t e s t  t i e  oryoni sm i s  rein tod to r.oth r.  pertuss i s  und



j_r. t rciiciiit eo t ic t1. out ioctroi ecu. i-iin nei ther .  I t  u jaerrs to oe 

in cci' H-K.iit t e  o .'.3ci  3 s s ince  i t  r e s en d  os tv t..i uy mio or .or  ti.o a > 

one t.,r;i) ire;-. ranorbie each ocher.  I t s  onr vertus.yic; 0'c.cilli;s 

.•■ttr.ck c: roohy..cr boa, ■•rociuco innol our redone o i l  ro ves. ■jibe t' 

other t'v.’j  spec ies  i t  siio’.vs c; tn lvse  a c t iv i t y .

V'-1 cotaj.ore ; e t l v l t y  o i  j r e e l in  m s  morn. to m ui recti;, 

••iortion; 1 to t in v iru leucs  o! the svraim; b;, .umieson uu irtohl 

I t  '..O; Iv .j o i  v:...Live to too i i  t . , io mlr-vtiomhi.j i s t s  tor om 

■mm o. 3:vie m y m i m s  ore il' lucre 1.3 :,oiy : o ccif-Tlor o im  1 rmio 

ahonot.enn. i t  i s  necarmr;. to shor whether tho c r t o l m e  o c t i v i t  

m  ,Jertnss io  rev.oius coiismnt unpin. a ser ie s  o.t wo i ml ors cuitu 

uncer too w  3 condit ions .  i i  to.are uro var iat ions  in wfcda.se  

i t  i s  i  portrait to net or In <3 oncor - i t  c 01 hi t i e r s  too. occur on 

the;- ..re associate;.’ .oi t -  any cb 11 as in cu ltura l ,  . orn. oio.. i  c o l , 

i c c l ,  bioche i c t d ,  it wiolo ic> i  or ’o tooio . icoi  w , rr c t e r i s t i c s  

the trans i t ion  .trey smooth to rou h Wu 3 in aceo.'rwi m or 'ro  

t ion in o w n w s e  a c t i v i t y ,  xbere conic - a ava ilable  on -.c.dtion;-- 

•• jo.fi ut'dl’u l  uoo.L 1 or me bioio,  i c v l  chim c ter i :  s.tion 0 1 ' cultures.

an

eci as

0 0 as not  

he

pro-*

( d ) .

io, i c c l  

V o f  

rad

t c t i v i t y ,

C. w e t h e r

SOPOlO/ -

.. I i

r ]_t, QT-r:

1 s imile



nit. ::L ■ h

.m ■■ o 1 ;■)10! 1 ci O':; e i ■! r*’s> •T'o■' too t b i i i  ty o t  r:x.t;:u o i t  o i  ot ii t’c'l

nm  ve .durro  bin-iioe to c o o j j o r e  oyOy i .■ n  o io c r . i u r  oi td.or  m e

i-or. . o oooi:: hi  ou t  t: i t  ;nc ■>. . ro  lort;.- oi' i l l  or: y u m .  i orfc

■,i1: ■ our , - ' !  (1) in  iohh  ooiuj' toot  1 1 oroluu: to  uoi.i ■• t: or  hoi o r u m i e

i.o o;■' ■ oooo yo toeo tod  i n i ;  c r  - t c t e r i o t i .  e t u t  - o m  i.t u m n  homed  to 

70'-V, ■ . j t o o t e i o  (I-") .it lh 9 h  obeorYed r u m r  too  ■ ■ i. c:o cco n  t:r-

• :U:. o ' -uori iuu. '  c o i i .  ?t i'o'o e ■ ■ ot. or too u n t o i - i -  ivere

o l i v e ,  ot ’" i l l  r i  y  iV'" l iy  o r  m i t  i c e .  ot ic £. . .. rii. o ' ( : )  Minted

I t u c  i.ih :.'..jo.rin, o ■, c t o r i  :. ;.ia .■■ot :' -um t'oLro o-ooert;;  oi en i t  or  t h e

■ clot '.o :- n onion-j.i rod .  - t i t  m  ■ ■■ oxc.Lj  oci.Lo.iu., m m  ( l y  !;o:'on-

Mir ' t tm  t  oot t t i o  ■ hi.Lit, — m i r h i -'it oc o. mm .T-morce o t  c; m i t e .

o i  1  ' 0 1 ,  0 ) 0 0  f ) 0 . , 1 0  i :! t : 0  1,0 l)0 CCO. o i . .  i  ).■; 0.10.. t o o  Ml

O' U'O U 0 . ; , V ‘ Or molt!.  ( 0 0 j OT.'oioU t  T o  to t  LOU •C'livit .V 1:1 .. 1.1 1 f  : t  S £-7

m to:1',,iioto’. c t e r i uit i i  t h t d e i l t m u  t t o  i o c o c 'Uu ; s o . ;  Iio round none  

e r m o t t  i n  i i i i r r ’ i. .n n:! M.o;MT'ictitu x o t m i .  m i o t i  ( I t )  o h s e r v e d  

1 : ^ 'Jt1 It 0 -̂Ju r i m e d  x i l b i o  0) tioL-uto t c x i v i  t y  e i t h e r  i n

t o e  v i r u l e n t  e l u t e  or  Mlxe'tun t o o  ;.g t n c c i r s .  mcter i; - . : ,  , c  rot : oc. ei

■ o]i' i s o x r i m  trot1 ' l i t  tore o t r ; i i m .  u, ntio- .Jmten (•.!) or enuyte 

•"ctivitiofi.  vide i t v  mol .t-tiot luc'dinm ;■ v.aoe vuriot;. o i  sum ins  

oi  von-j.--tin m ic  o: " t ; i o r .  .0  ■ n-.ciiLtu'-tive or obliutoe ''nterooes 

n or. ed no c  t n i t s e  o c t i v i t y .  e concluded t i n t  the " c t i r i tv  tins

cue to mi endo-enuyue ",n:: ’tie eromrfcy ot the l i v i n  coll..



'i'• -3 l l r e t  .a .m titnt i 've  o.erer in e t io n s  or tin? ext-xlx re rek iv i ty  oi'

[-■ ci,c}'ifi cere race cy ix" reach of. ;.\o;:cii ( / / ) in 1707. They noesnree.

L.ro o x y  e u  i i ; .  e r ;  t a o  v.hen.  h y O (; c i e  e c  t o  a  c e r i n i t e  c e i . c h t  u T  e s o t e r i c .

In i.3sc3'i0.i:i,- or ter  ot  th e ir  c c t s ln s e  ocui.vitv, core oi the s i - n i s n i s  

m ey .Lintoe v.ere: 'Vs rein e _2.» ooo1i :o cocoa,a irLar.jcna-jer, i t r o t y l o c o cers

snre'cc, cTOC.i.oioGtis, .■ cuerin. .< ,/, ooycn eus, cc'ceriuo c o i l , ~hx ct,. pints, 

i •• c i l l ’as _cjyo_s1j:-i-' tue h n ^ ' i e r ,  . c t e rlun typhi" or roin- ; yecioo oi  vi b r i o , 

■'.o : _!• erooot: ciU_ .otu i i  nxr: r.. xl .  t o t - r i  xvore t i e  ,,.'!i;; o 'oc ioc  '.rich

l i i i o  i,o .ho.. cot:-;j.: ,:;.3 . eb iv i iy .

h )  . r e i n :  0 ; e t o . ' i n  v i : i c h  ,n.>:r.us (;■:>} ■ r . r . n i n e c ,  , e r r  c i r  

Ox J 'CJ ; .  C311 E l  CUO 3 '.. iO 0 . 1  ii j o t  ' . . o t l v i t V . O i ' i  ( .  '.’ ) . .V • "  L S !5 O ' O  ei  m l s s e

; cT.iv-ity oh : ’iU’"0 ]' o:i m i  ■ 1 rcchu e-c... m  in .art . 0  t in t  r str; in 

o i  m H-DO.irciL? bobslxxe xti c s  ir cro- ce i  ir  v irulence  chon . m m .  t b r o u  ;li 

m.hi i t  t:, on;. mo.mi 0 0  eox-cm; 0  ociiv Leone-.me i r  e- i .mmo o c c iv i ty .

■J- eoby ( ‘ i ) ;..txu:im Lm e. to icc o  x h t i v i v  01' ... ■■■ ox 00 0 r  mj_ris  rocr

:■■■ Cm ;C'Lc '-.hi.' .  .010 COn.r.0' I,. si' .000 i. ...... Vm X..oij:' Vhi. 7 COibUl'OG

0 1  ■: i , h i  iomr.. tort me .Loriec ; v e r  oi. io.o co t r i - n e  ; c t i v i t y

'... ., . (■. j * , .... i i-X '.yl yi. '■ *  ̂ :  ̂n, —1...X -y G. ■ v. ■ O G 3. C,. G 0 X. 3,. ■XX 3 ■ ..IX X,, . C... Guy X. X. v,y ■ y. OX. .. S 'X Xy. j. - G*.. * -

o.l C'.;ltures shov.lu . oro sooroo t '  /:.. rooo ovorvoi . ; 3 vron .nn-O--; ;v s

ori.eh, non o n  0 xoxxo n r i e a b i r i  0 core boirx.c, th ■ e; oxlose  a c t i v i t y  

or.g rerrcect Ojxou. h cox. xexncroyoc. en t ir e ly .

C -llox (ei) o ..; rineci i  xiic.crooxG cxxri ii . eroioc.  i l l  the coroiDC 

cleroxrrcrr.ton cxtnlrno cctivit„.  xxrceyt too i  oyecioo o i  h treotococcos;  

none o:i the irintieiobos sliowed tn ie  .nnoerty. . I'oth conttaniny cc-talase 

aid not x;uy,)ort , rov.tr. o f  .-inae.ro ce.t culti-rec. nncer aerobic condition a.

,:.he not eb that  aero roe • tov.Ti cn aero bier 11 y cx-ocuceu lean cata lase  than 

.men ;.rov.n x.erobically. irerrxan (46) ccl loi; at tent ion to the i  ct



tor t not r11 anaerobes were devoid oi' catalano since so..10 stra ins  of 

irooio’'io acid oocier ia  vhlof V'j o s t r i c t  roicoTolo;shov.-ed h f .h  :. chivi ty  

. . '••e.i-tus, i s  n o s e d  s t i ’on . cata lase  a c t i v i t y  os coo pared to a 

nui'ior o i  rm n y t r o  e a  nec./ruin. to rr isuso  (AO). . -Ixcsii ho-- o lo ; .ous

i m e  com-. ■■•;,;? ■feed to the cul ture r e a l s  i.  v.Yicb 1b. vyf icsp  and 

Vibrio con p- ’..ere rosm, f l a i r  c; ta.L;;:se n c l i f i t y  sr s rot in f lu ancsd.

i. t"  >'■'• ( ,!7) ,Ot ;C uO ; f.i . C t  On im  IS V isSO I the '0">'0xi SlSS a C il V i t i  OS

<'•" '■ ;.roiJ ■) o.'.‘ o t  : . : i i O : '  " o r' t, v  y i-Ot v i o o  f t*. :> o.- , : 1 . . t o _ o O j  o r  u-v." on  »

l i r t s n e r  a ;  •■'■slrd: (:0) oc, Ida d irect  c e l l  cooni; • :/ a Giancana

ot b. ctarfa-i- r. 0:1 s l ip  ■ no o. ~r as.' 00  t :.a cots I.use a c t iv i t y  is a no .iorrcla

"• t .  1. = v-0 - c t i u u  v e l o c i t  ■ c o n s i s t  
:ia.r, '0 3r of' c e i l s

'_:do; ono' od dr.t i re  neco ; icsif ion  o f  fyOv o.: ■ ■'io;; s i s  a f i r s t  order

react ion .  . irtsse: .  a s  . i n t e r  (ol)  ro a r i a e  tact  the .ocir.Ge in

o or sir. so • cr-ivit; vt.ic o c c n m  v.iti. s iron in 1 o f  the n r i  an:

to :1 ? ■1L1. o f  too csjJ r a t e r  x- i i i to t i e  a.ci c: rounsoc. ■,'i.vin j. on

(df) r i m  iso y i .  f.- °-r ;1 n c o r  of s .acics of  1  cue:!;.;, if 0 i l n o s

vrriod solviesn r 10~C1 for ac in i  _• .fo,..rf.ijei to O.OOi -O.Of r 10“"’ 

for drain;-, o f  .. coii_. .yiios in the forr. i l s  of t intm.on, dircdner

s u a 'n n .e l l  ( ‘ o) fouin tin; c s i n a s e  s c t i i t ;  of I t s  i .  or.'i’i.i le.-c in on 

if ot of  .yoissoris  cnorrhosr.-s, o roster than that  of J. c o l l .  , nrtoa 

ot nl (17) ao:. yn red. tail ,  propart;. wits  other sivysioso. i  c 1 en r c t e v i r c i

o f  strains, of ,..]:i 3̂l.ir Dot fovru i t  oi l i t t l e  n i n e  in dilToreiitiatiny,

these o or si! i s  ' S.

erndntier arc n r  oitoi;: (10) ii  v s s t i i  toe the e f f e c t  oi' ccandniry  

various  a y y  rs  an. ajnino ■'cid.s in i r e  : .ediitt aid found n i c e  v a r ie t y  in  

Catalans a c t i v i t y  cep ermine upon t h e s e  c o n s t i t u e n t s .



6.

I Ujig a d  ( £;.) studied u .j e: igxooc o c f iv i ty  oi' 0i__. tjwrro-

ca.iiix_ rnoxi.'.or theiT'iopniiic celliuor: e - for  mtiif; ox ; n i f f .  they

noted bh: t too cutr.info r c t i v i t y  o si uoti. t i e r  oyhil'.., oiiovoo 'in optivru s. 

c x iv i ty  : t 60°C.

. .olfson stmbiod xue im'luence e l  uyeo on or. i, r inse  ocx iv i ty

o f  f  ;:erno..or.;.s ..nx;  i- ooo. or too n  no dyes studied, fine .y e c t e s t  

e f f e c t  ..:,o iTOoocou u. . exf■It.'ho bloc v.hicJr, ■ lien oreoont ia 'ion c i l t u r e  

-■eoiv;" in coiicenxr'-tion c i O.Oi ov  cent, 1 ocfes. nod t'.-.o n v . s o

: o f iv i t y  ■. . :. I f .  ho Oofn 3C 1. j t iv i fX  0 . 0 oOloCXeb i f  o ", I : j f  f i i n s

v ere vnyonoeu in ;:■ :joj.l. lion o f  n o  y  o . no x ntod,

funk oi, c i .  f ''/) foun .i tuct the a; l . l r s e  i f  . ' io ton eton or ::: ocf ive  

: t r: y.: "f If"  : C b - '  X X set n t Ox \5 f :. X, -0 0  Of i l °C.  for several  

eonrs ons re. tree f m  ix s  c o ^ t r c l i o n . ncmynrr. ( i f )  inere.  seo the 

omrl' ioe a c t iv i t y  of  y r  ot i f  on cl cm; f  e ' . x i i m  res t or iuec. \ i th  

1: :3 x i. IV t :.;li OCi-i'iji.'T'G.

.-it cheer ( I f )  oyrvrLnoo .1.1 for;.inf oi )ro •.'ionic ;.ci:. n .c terin  end 

ooociuuec. o n  f  f o t i f s  iii n o j.nce •u i i \L f ' '  ..ere inhere t yr-on-.ovties

■of ■ the ■ culture.  e r e . not b;,cociox«b nitic my ..other. ;n v t i o i a E,iouL cruy'fcter- 

i  t i c s .

fi.o coxoi fse : c t i v i t y  r.d tf.3 ;rr anie o x i u i f i r  yrooerti  or of  tre  

. . i t i l i y n n :  net .vet:-- vena co oooc if hriKlfnen ( r' f ) .  ijt.ro so- lpr- s

vershed free  of  n i t r i t e s  skov.ed no enfceieso a c t i v i t y .  ; ore ( f?)  any. .ssted

ti.e oca of  cetoi?:oe a c t i v i t y  os a neono of  o l f ..erc:.ixietirr the ryociot  

o i’ recall;... i -cl oin.eeUir;; (~.5) a oounf L-rated i . e . t  the VV-rbriy; •, j seratus  

vf.r; useful  i f  fCfd/i f  Lie c:;t:iL;:fe c t i v i t y  o f  I'-vincu.- i- ctenir,.

..AT0RSO11 r nrii i.JIB!feld (49) ucec rrotevc  vi’ir/.d'is C f i t f j e  of  >.iji 

"■ctivity to ctuc'y .active end ifo.cxive c"tt:._BSe. ucii!. f in  v i c c i e  c e l l  

count i s  the ooois of  1 cterio. l ctoncl.rdination,  the; eov.noreu the



?.

■■ ctivit-y o f  c r t r i m e  eed'ore emu ;. i'ter s e la t ion  oi' cuif -hoort  m t r m t  

or f o i r e r  u r t l y i .  : oth incro* set me a c t i v i t y . .iLoven m ec ie?  of  

_ cetooocter  v;oi*e examinee; by : rilr-ov nu- . o f: i. 6 (ml) < bo or mimed. too  

observation 01 m o l t  (fO) tm.t i s  m i s  mum only / .  mroxyi;: :o  f o i l e d  

to shor crtmluso i c t i v i t y .

fee ecu ( f ) stuc.ioc ime e f f e c t  of  o i .h t  . . e r l e i c e s  oil too r og_; irniory  

ensyrm v;' . .mom'hoa e. mily bub/ 'mcromco. atmLm.o c t iv i t y ;  the 

.imtnm eonesntuuf j.m cm sob :T or cent i f . o i l i t i o n .

1:1 j . : ; :  ir.ir. 'mo e f f e c t  of : . r l o :  • : i s e  on ; ctoi  Lei revets mid 

r o s s i ’mtioe,  r ic u G te in  ■: mi mmlm (vf)  iuoimem o stum or toe '--ction o f  

cis im: mcumit on c; t e r m e  s c i / i v i t y .  "it / '  fro.; •• •.• i o . . oj f t fn i i ,

c-i t 3:3'..i o, or ; u n i s m  vvhich shamec cut,el.mo a c t i v i t y  rrro rore s e n s i t i v e  

to scmim; mid.e i o n  culw.rm which fo r i r  c iiy mst'dcse.  Ommlsse 

acred to the uebinu r id  not i - f fec t  t ,e rm iG tm ee  t> sodium a s id e .  bone 

o f  to.; techn ics  a ’;>loyon m r c  m a ' f i e i e n t l y  s e n s i t i v e  to d e tec t  up0o ir  

oei'obic cm. feres .

miorlason -fid otnnl ( f l )  c o n  err ten c:r fo rm e  a c t iv i ty  e i th  t];e 

virulence  of each of  fro  three s ecfes: of i roc e l l  or mmse s mcies  

f e l l  into three rones or a c t i v i t y ,  ■ r. rr.is. in the rir i iest  one. f r .  obortus

i.n t n i o re s t .  m e  omrt or 3 ; o . f  oe  a c t iv i ty  m. mu . iven. culture  

decreased as the i.e. row of f mod; .  cion ircre;  s o d  m::.e ror■ . cu ltures  

G) : f .  - o l  italic i s  shores, mo mv e a c t i v i t y  m  nid Guootii cultures  of  

hr. abo r tu s , but i t  vms . .ossib le  to d i f f e r e n t i a t e  n*. s. i s  iron the 

otiior tv.'o suecies  re; ■ruioso of  d m .  d ie  cu tor a so a c t iv i ty  of  smooth 

cu ltures  of prucei lp  v.r-.s o ir e c t iy  •rooorticrml to tuej.r v iru lence ,  flume 

.•.0 thorp found ih; t  rowin.y the o r m n i m s  under an incra; sen. CO;; tension

c



t ic  v ol i t 32- too c;r.u:-;i- • ei i v i . , u.d rov/in; tber on niiTerent

eni_• c id rosni't in oi;;:'].tie; ii I. oic'teroooei:;.

mo .;ur.iu;,e o i  Ioio i.nv onii .oiden ii. m .iton;-- oil..: co'Colose 

o c t iv i t ;  oi . ,_j_ ê_-’_tu r-;.:i_c, ; nc too cnti: onic J..L; rol; .o«m on; ;r oia :o, 

too ro ■ onrki.0 .0. i s  o; ci'i.iuo oo: v. . . i on cni eooticc..



. W l_r 1 iJ J

■ eteriolo._ic.vl

. its C"itores  ‘.ore r o w  or o w e t  veri!:iou reuiuv (■') vs  vow  

by the i c h i v.vn veo; rt. wit o f  . r r i l .  f o r  v-icuire r o cur t ion .  w  

l o r  'o. lo :

r e e l e d  v i i c e v  v l v i o e s  1 : 1 . U L..
. I y c e o l ‘10, orch' e ror out iC.O 1.

■ c to ; . • I1 10.0 s..
i r o i e o r e - v v t o u e  10.0
. ' - C l  d.h . . .

.. i. .veil.!, or v o ter  1000.0 : 1.
: t e r i l o  ; o i l  Oil;:-, t  O'., weey f lood hOO.C r l .

-■ot.vtoes were boiled iw o n e -m ir  the volo -e  of d is t i l? .eh water ;

yjy’cerino v n t i l  so I t ,  o t v i r o a  t :ro,y i; v o w e  ii.I w . vox - v lo ’ .

s e t t l e .  ho too w i r - c t  v  s vv.ee, w i t ,  yen dove, v...or wo d i s t i l

v o t e r  to vo luve .  vivo ■ >.. ‘ vs vd.irvt.rl to 7 .1 -  7. -' .  dxxe vedivv

w  toclaved v.iu. ixLvv :..o ed. w e  ..ticvl-Ly. . .vis wedi..;: co..rtvioii;■ ■

'■"ill 03 r e fw rr e l  to w  . or . .o i  . esvoo vo.ceiiie 03cbi.LV w o  tv .  t  v i

yoptone ?s w i v e t  tov:.ov rie.v.oFtic .w h im .  . I n o e  ti.e i s o la te d

"OVxew.. . .ofcit ler o r .  w e  > . w u i w  vI v .olOu .ci t v e  w s o t Q d e ,  i X A W t  , o . v v k; ,o i i  . v i :

vedior w s  used h,v v ia b i l i t . ;1- covvw v c  o i l e r  ysiryos.vx v; von ids

Ou' o o i l  s. v s s s r t  s low.

i w l w w e s .

.. i f i y - f i v e  vsroiws of s cod: : . ports s .-is ,  vsr. i . is  of  io 

j... pe r t u s s i s , 10 strviws ox' jovo wrtosols_, vie 10 srr,..i'i3 of _w 

septi c a  were i n d u c e d  in th e  stud;-', r e  _.-ertnssis s irv ins  w 

prefixed by the l e t t e r  L were i&eJv ted in iv i is iuv  on? strain  -I  

received Iron l e v  dor.: ..vote L3yvrt sent of  . w i t h .  i?r. l e n l r i c  

j r .  'i(?erirr , oh res t  err Lchi.yr. ivlrio". irduo" to r i  eo oi' d o

(1

riled

V

Wd 

so. to 

Lied

"C v’

..3:1 tore  

thovt 

call R 

V; ~ T't 0

3 n v s b o r

S ; . h

. urondit-  

hicji owe 

o.0h v. i) s  

?: aid

i  Chi:;.on



10.

■ -A .

J /e r t i -  aut o f  JuoAth, so.rlj.ou o i l  other col turoo rid niso rnnae t i e  

i  ■ l L I; i  ■: 1 c ' iro-' c‘n e ■: 1 a t i  o 11 e .

. . pertus s i s :  i f i t n r o s  i s o l a t e  _:.m v.JooMn couyr pat ients  rod

ei ■■. cf stl’1 sxios of  s. out, rcr: Luo ; £ u.eccri sea uo o o u ir ic i ,  ir;j son  ona.

. i l x e r  (.07). Colon! on orfot  uenyou cir,;n o e t ic  -, ; r  v.-ere t v j i c e i l y  

srooif.L, no'oi.-bie m i  our over i  ■ o.. i-. :.-I r, ater.  ...j: ic to sconic  err,: in- -

t ion of:; crndoio : r' ' f r  ry  os is.  os vrs typicM.  v ie  - ... io.tiurciou

bite" i i t ; i  'Oci.fic ■ risers fouor ir. i: ire do  t e c . v i e  : G urea

Cy Venariro: ( C) ■ sort mud r e  xiee:" V tie  ti;.,or:"•, i . e . ,  i :  i vOO.

u o cM Ln.sos were v iru lent  j'or . - ice.  f':voe b i l l i o n  o r  : n i y :  so soon end 

in s.cin ■ or; i r j  icxen i . r r . 'Srit'1 e .■ d;;' n  ;i CO r.r cent of  f ive  

i  o 0! i . i t r in  f ive  f r o .  0.1 I .  o" n 1 b i l l i o n  sup roe  ion of  ire cultures  

uronueec ti.e t.yyicri. e':i. - ecroe ie  in m o l  r- Units o i t h i r  -rS to 7? 

fours ,  froo'ti: c t r . u r  f id  rot , ron on sri  infusion ■ r s lants ,  

f i l i f r  to roo on if in Mo; o 'f ed  n su ir :  ncreotef  r: n  i.n ut on iiou

of roorfiiesc.

‘j.'f e too f  s tra ins  f i  . •. y a r n s  s i s , off so I'v o i '  L es l ie  and. n r l i i e r  

{fO), rricr v.ere incitMed-vere- ••■ ■ p v  r v  apointed.• by-'fruv-oire- in. iff;-., - . .

. o. of i so la ted  In rovitu:; in 101 o, Jo.  ;7 i s o la te d  U roroot in 1911 

■rf ,.o. Cl received fro Connor o f  L .for; l o r i e s .

r a m  ertuSioi s cult::, re a: one 10 strains: of oor  yortu s. i s  o c i l ln s

s Coen i e o ln to f  fro. rfoooino coo . r t i a n t x  ;oif vsere a l l  smooth

stra in s  os sifvn ly  orpfoio,  , colony >,;• m c e ,  i;e c l y s i s  on ■ orret

. e i ;  or - r f i i . r  nf r :' rim t inn t ion u i tr  s p ec i f i c  anti s era:

f f f M  i : r r ; i i c a f  Toe 10 r t r i i r  of  Jr.  l_TOr.c'iii c e !;it i ce  rore  

i s o la te d  fro-1 n i n n  i n s  e:if r t £  r l  one s tra in ,  l i o r  a cLild.



11.

; ' l i  onrnins t y . i i c  I o-fnoio.  y nun otnini' •. on in cterirxj.cs

toi-e n;ti:o..enic '.'or : l e e  ;.s b e onvi ra te f  ];y io t r e o e r i  toue-.L in  j action  

of  - 0 m i l l io n  ofuniKGS in  m i : i .  ’ ne her olyi . ie  vrons i t ioo ,  u t i l i t y  

i-m.: C-.-i Oil., CU W  ctS'l st iOG l.'nfof ne ll cctob i i .  M (13) VC 11 eC . i th  

the o ieeot ion  oi' ubmia v-39, they r are noioi-unnc i.oi e w e b i ' f e  between 

a oo Hi .'■■?'•/ run. h Etrcij-iC. i t  rein ree'enti; ojcuv.;. e i  lion n ouoe

lu r ia  iol...ovi]iy i  ur:  oerebini i.ij action,  intcinud . o n i l in y ,  be. ol  t i c  

yin iu-'itiu.: car: r iy. ;ic:l.L; r, oola colon;; ■ ■ w.ro.oco throe oh i ;  nirioe.

.'1 non iur tiuri.

• v y l n t i n c t i o u  i n  ;v3p%ics or  tr>  no H i- v l n e :  t i s . - . o c i h t i o n  o f

z:y a f m  ;i j ; tiv-.- ■ ■ - c 1 i. i:i -  ■ o o t u e t e f  by t) o i r  r l o t i  cs  Uio:L i n  

t' i r o o n o e  o f  ; t r  ' O f in v in e  . . n i v n i o n  (••; ) .  . v  -eo Finn n ob .lonf i o s i s

o u iL c  c e r e  a o l i i i i u c  i n  n Iron o f  w i i n e  on e o i l  e ,  :■ ■ noy o f  l : D t O

: .. lu t io - ' t ion  in.: 1 ’ t OS ' ICO... CO.L OOTC. 'O'j.:' inch i c  in: :'0>U',3>ti;'

■■ot. olio; on0 to o> t ‘ s o i l  . .inno ; i i  ....,inon iiu:;- : i o i i n v t e c . .

..nn. f  '.o-.j'b: no non e Gf i nn  o ■ . w  l i intoo.  no toe m  .e Uulouioc,

toKof" "i mo i c ’i LnO'U ■ t,or0 3 ■ conns ■ o : t o ;■ ex no nun’.e "GO. ■ n.. ..nmo n.Lny. con;.,...f. sjf  t i  w  t j

; , ;■ l o t  in rotor in bote o 00 tv  .;. : no .• oi o t r ,  n.fi- v ine.

_b fc:. o o f  ire  n n i l  c e i l^ ^ .r jy  c  t.- jn 'ss  w o t .

f t  rov.'tu ,n: ■- co I t  if' 3 o n  oenn-ob i'm. i tno ee o f  the . noin .

■:no ;o £ oonbeo i n  : G e r t i e  ui.louLV, c o w  i n i n 0. 0:  ,n i  can t  t r , f o m e  : no.

0.;; j oi' cent Ci.. f;i.e on u ti:e o i lo t in :  fJo.do io o j.O to 7 .0 .  . i t s  

of  ■ . • r mo cl'Ji.ios o.t :■■ c ' tn io  v.ei’e :oe owe n f i l t rv  t iun xbtuo. t 

. ■ ute evf: cottu i. . iiiter- ( . 6)  on oy oj. Gonin >■ Tt ic ieo  to n e t t le  boi'ore 

■ . itoc’oivino tbu ton not ion  o f  t i e  cis-'Oooi.fi. .o : ocent: in !'■■ t  no 

octi'vlt..  ■ ’ r one go olocn v  .'floii ...vor iron f i e  :eaii,v, noo;,-on vif 

n >n,tent-.imis f e r e  c o o t r i i f  ee; ronf tUe r:noe;1n.:st:..nt c: t niGeu ini- t i ieir



i.o q.o 50
direct cell counts  XIO' 9

fc.O Y.O1.01.0

v. t.-i1 i C ; I'. • 1. ,. ‘ ti'jii ■: v/'ii'iJl i "0 7 i t:.‘ L ' ,  ■j . l l z . L" 1 t



I f . : .

,cl:i.oi! ou by one ■smc't. or-’ j ioy  oc :o v  enci.m. r se L c i i x d i y . 1 ioioe

: o Li vi i,. to tho - .ecicr, z ever oi,;-;j"Vku, ooiii.j’i j.'i. c l ion  ei the

rvc )9Hf:ion l l l  e i i  oLuotoo. . i  th too i i - n i c  , ooin l l o l ,  i t  ict; cot 

loco::;-':;-;/ ;,o cOiitriiu.  o L-.b coi.I.s L'l'O : t i c  redivu.c.. 

t a t i o n  oJ.- b, c t o r u d  b o s c e s s io n s .

■ C t o ’ -iii.L COllCOiJ. LL: t  Lou C b e e n  c O t c j C  i r c c  11; i c t - O V  i • c n cL 'C

foe i )  cr. oi. I t  cm it n c o e r l ; _  c.cs .-jr.rio., t) f f c c o  eo_l. co.nf

o i. . i c c t  .J. m. jc ce.cc , i ) vi; c.i.j c o c c i  cl Jo t  c c L ror c;.. f . c

0 . 0  m  rio f  cnees  ic i iLcnc in  too "o: ct ion .

I" :::ic f r o ' ,  CC O’cS 'CL 0 i f '  o '"MT'M :>i : -  . Li 1 m(; -j If ••. !,i'!)i;rc

c cxx‘.cii; m: loctocotej '  ( 1 1 ) to :c t o r e i ' . i - f  e. .i. valent to t . 3  nLlrion

001.-S OL 1.  S : e l f  i  ' CL in 'CU'OCO CO.!.'. COIL it « -ii.c cel  L COCilO c l  c

i \>o.o f  o f i u i r y  tice O'O _ot  o i l  t jco  c s e c i e s .  e--va-essec c,c; the

conn I iM v i s i l e  c o i f ,  L::i: l.j cc-ceiit  cm for c tno cc; e ' - i w r e  e .■ o o f h ' f  

0 :0 ': b i l l i o n  oo o i io ' , '  m  ].. o: . ■ c f t c cn 1 s • m r cortos:  i s  f  c i l l u

•Cl Ui.M l i i o i o i :  Ot TO rrOnctiOSetiCL.

f -f  iic-e 1 f m n c  w e  reefprey  - o f  t e n s i t y  c.etei?nii>.pt;i'on-s. f i t e  -the-

nibby e o f r c L w i l o o t o n e t f . vho cr.icclr tec error in c lew i  col cation  

MLS +_ : t ' i l l i o o  or •• .ii ? • s.

v - 3 ' i c i i

o t : '.oce c.'l ii. ci. 'o:; ..e nscc io:r L cn t i t c t iv o  ' w  snrer ents oi c w e l c s

• c i i v i t y  wo:  1 ) c o l l e c t i o n  c l  ocn w  evolves : cot on r Om i s  ranee. to

too ennnoe, ; ) i f f ;  t i r e  o_ clo ro s i  burl oi'tex- yerio.-r. or re-ctxoci

:.io 1 ) ; no to'-Goent n o o i c i o  rf>ni.c s n s l y s i s  ( c l ) .  1003 r i r s t  icettoo,
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: m ' i. ....... vlf-.i, i  I ir;.' co1 m r, m foe y-v- ' ort ' • ; i s  ci.i. t’.-.i- red

i M - t  o i  m o  .Mueu too r / o e i . i n .  _ non r. i  :,c /L i  cm. i m  • i  h e r

o m / n r  .j v 1 : l i J . i  fv. ev  1 0 , ■ ;  l i  i n  h i r e r  : f  1; o r b n 3 : M .

or  -11 ■!.'.?-O': ■..)!• s u L. m r i m  n  r x i . m.  c  v  m  so : o t i Y i t y  

m r l o r  ;u 1 m  rouid: cu rv e .  /on a ■■ luk . m i -m m o  r e v i v i f y  

i  i v  • sou si" I I.- ■ ; i 1 ■ l o i '  : i. e:  y..; c o l l s .  m o  "X' - j  ho in

V.lnvm Cnnul. 'm/OMm Lm . r i; G L., e V' m m  M ' t t v i n  :’li. mi

■ ; i c  Ci eu r rx i .  or . . I -- i 1 m w  s e  in. c. v h m m  ■ c v L v i t o  m u  ur m c i :: t e c

. M  : - M  I- : U /  . X i A . L . OU .1. 1 •

m m o r  o f  imh c u l b r r g  b:m r e f e r s  c n M a m e  a c t i v i t y  of__ . . p e r t u s s i s .  

I .. ;.-j  e in  cm  n c m  m :e i i m t V ' s u i  s  i n  i \mn ju mo • r - t i f i c i s l  

m  i n n m e i m i h l e  o i  m o c i r  t i  on c e x : r s .  .ov;avjr,  t h e  number o f

x m o s i e r t ;  v h i e h  m y  m  m o  j 3 f o r e  o. ion.  o f  n  on of c i ' .  r. u t e r i  u t i  c s

coo i o  uooocoog  v r l . n .  C . i w r m u  v;are s t u d i e d  ro cor i -o l '  t o  on: e r u n / e  

in  c r t o l s s s  . c t i v i t y  r i t h  t i c  nurb e r  o l ’ 'bio or c u l t u r e d  on ..-orfat ben /on  

medium. : s t e r r i u u t i o n i . .  v .ere m u e  o:t tv:o a t . s i n  o throu/h .  f,5 s u b c u l t u r e s ,  

Mid tv/o s t r a i n s  throu . ih  oG s u b c u l t u r e s .  r h e s e  c u l t u r e s  v e i n t r - i u s d  

u M u t i n o t i o n  t i t e r ,  M r p i / o lo s y ,  c o i o . u  one  m i n  t e s t  c l i s e . -p . c t e r i s t i c s  

o i  smooth, s t r a i n s  one sh o r e d  no si< n i f i  cant  c. • n. o in m t a l a s e  a c t i v i t y  

o v e r  t h i s  001 i o t i .

i r r e e  o t h e r  s t r a i n s  shov.oci a l e m  is. . . c t i v i t y  f t e r  a number o f  

s u b c u l t u r e s .  i h o s o  n e  n o t  f o l i o v e u  t h r o i v  h -my o r i o n  o f  t r a n s i t i o n .

1. t r a i n  l o h l V  had he  on t r n r f e r r e a  o t  u e e h i y  i n t e r v a l s  and v.os h e l d  nt

e a c t i v i t y



oU.

i  x t e r v n l s  r.uid on tu n  1 9 t h  s n h c n l t u r o  shored no on o  l ' o o  • c t i v i t y .

■' d r a i n  16!';67, v.rdch hr-c! c; tn lr . s o  ' c t i v i i v  eo- v i r m o l j  to o t h e r  s t r a i n s  

t sro ihdi  th e  r.btii r u b c u l i o r o ,  -.vr,s ez.ar.iri sd on the 19th  s u b c u l t u r e  r-nd 

nhov-ec no o t o l o s e  - c t i v i t y .  one  o l  t h o s e  s t r a i n s  shoved any cmtalrs.e

■ c t i v i t y  throuyh 10 suboeenent  s u b c u l t u r e s ,  noi’ v/r s  n a y  o.eroonsoi’r te d  

■•.lien o o t s r  dilutions: w i r e  r . d e  a t  1°C.

'io • !e t c e t  m y  c.*V jy os ncco~y>- n y iu -  th e  i o e  o i  a b i l i  by to  iocoivoose

o.-O. , t h e s e  t h r e e  err '  ins: were e z a d n e b  l o r  c h e r e c t e r i o i d o e  ..rdc : t y r d l y  

uuouoh o c r d m  r  bio  r shore  Tee c u l t u r a l ,  . . o i y o o i a  i r i  , s e r G z o d c r d  

end b i o l o  dcaL c r m  c t o r i e t i  cs  ox ire  c u l t u r e s  vddcii l e t  c- t ' d o s e

■ c t i v i t y .

re.oi o 1 b.

C h a r a c t e r i s t i c s  o l  c u l t u r e s  vhiicii l o s t  a b i l i t y  to l e c o i ’e o e e  jioOo

1 | | j ; *  ,

Cuiturej  o rp h o l - j  a r o ly c d e j  i.a*ov:th | ■ i e t i n r - j  v i r a lo n c e j  buiii r e a c t i o n s '  C a c n is se
h o .  | o,;y ! an j on v e a l j t i o n  e l t h  | l o r  v i c e  | • j I ' •: c t i v i t y

| j to r u s t  5 in  r a t i o n  j Hr; s c  I  ; i . p .  in j . I b£ ! I t  lOOhj Sbj
| 6 an,sou ! nynr n t i s e r u n  ]5 b i l l i o n !  j j
: a ,  o r  j ' ;  ;__ J __ _ ! _ _ _ _ _ j _ _ _ J __

ih.'-ih) ; w o a d h  I +~ ! "j 1 :1 6 0  7 f l  T -  ! -  i 0 .6I I

13517 ; ' !! ■■ ■ ■■■■■■ I" ■■■ +■■ - • - ■■■■■ ■■ ■■ " +■ ■■ -■ I i..I5. j H j -  . j., 0 .0
* ■ - j ' i l l *
I + : -  ; i : i u o  I i - i - b - o - i ; i o  l o i -  < - 1  o. o
i ;

I*..- . ’ i  . . . a . -  ... .1 - .  •  r ^ . . . .  .^1  .  1 Cl . . . .  . 1. .  I  . . __.  . . .  —■ . . - .  .  . - . "  M « . . . .  . i I ■' ■ ."“ ■■.—*  . i .  .  . .  .■  .  . .  ■ 'v

* ce  l i y n r e  r e p r e s e n t s  th e  cry o... a e s t h  o f  o n e  o i  t h e  f i v e  r i c e  c h a l i e n  cu;
C i n d i c a t e s  s u r v i v a l  on i r e  b t h  as ;■• ■•-d'ter 1 : v n  l e r i t o n e s d  i n j e c t i o n  o f
t h e  c h e l i  ny diL d o s e .

■*'*oiur . ic ter  o f  t h e  ores,  o f  heviox\rh.y;ic n e c r o s i s  i n  tx\ a f t e r  18 h o u r s .

C1 choni 'es i u  t h e  c h o r e e t e r i  c t i  c s ,  hue uroo i n  :• d j i u t i n c t i  on t i t e r

vs~s t h e  ’".ost n c r h o a .  h r a v i o n s l y  t h o s e  c d t ' s r e s  had a  _■ du bin a t e d  i n

a 1 : 1 0 0 0  d i l u t i o n  o f  t h e  p j i t i s a m .  ' rh is  (.iron i n  u c y l u t i m ' - t i o n  t i t e r

is- on i n d i c a t i o n  o f  r i s  so e l u t i o n .  >u.too ibi s t r a i n s  - p v e  o. ixeiiiorrhaii c

” c c : r o t i c  m u  o f  s o c u t  10 oin. i n  ( i i o n e t e r  v.iien 0 . 1  1 .  o f  u 1 n i l l i o n



i l u v i o n  i s  in  j a c t e d .  .-i.e., a c n l ' t o r o s  in -she t;-v >3 d i l u t i o n  :<rotiuced 

■ s : " l i u j ’ n e c r o t i c  ; . t o g .  ‘j 'urec nouViK-; l r t o r  t h e  i i r u r u u e i u a i  in.j .ict.Lons 

i j i-o i o  nj: i e d  ;:-ui s trr i ; ' .  l b ,1 6 7  nxer-icoc no .re: c t i  on i n  I r e  one b i l i i o n

< i i i ’i icia - ' t i c  o t n e r  n iro i : !  s n r v T e e r  s  n i l  ■ 7‘o o e .  11 in:'' ?x s l i ’ni i io

n ..nv on : e Ln i l x n i e n e e  l o r  n i c e .  !.:• in 11101  yrrv on r: b l o o d -

Iron  \u:.i  i . e l u s i o n  o u'innn ."jig, .Loo. on o i l c  I o n .,3  0 , ;■ o-od i o  0 0 ' 0 0 0  oirc

c u t '■ r e 3 o f  : i t  d  oof: n i r r i r io .

i .:  o; j,.'3 odnoo co.l t u r : 0 t n o r o  ner-G d e f i n i t e  7 Lt ex n t i o G i S  ir. ;:he

0 0 X0 rl. 00,1 0.0 G.dc" '7'0 JC.O’ d  -I -0  uoiiOOtu r T . O r 1: 00 3! ‘" L. O, :3,b

o.  i... j c ;:,i oo • . j " o o  o r  goI in n eon  of;: v.iui: o l o o n  i n  c- o o i ’-.oo ; c t i v i t y .

' . b a s e  y '.z:- 30 iO'j o n  m o n t l o n ,  i n  x:'o i o s ' G o n c e  1 n . ■,o r t n n s i o  c u l t u r e

7 i n n  '.o.o: O' ■ '.j.o • u o n ' o  l:b e o:d G r n r l n r  on v  1 on ' c h i v i x ; - ,  v b o n b o r  f. 

i o c o i ’o e  o' t h i n  o c u i v j . i T  ' r /  •■■■■3 c o r r a l ;  t e c  ' i t  . on o^ :o c ioo io; 7  o r  i n  t  

c ..1 o n e .

L. o G o t o  OuT- . ino  n.f .... \ ; i t o .J i i t  70 o:: i:. .f;s ’ c bi  v i  t y .

. . 'ultoroo 7 .111 .  j . i r o t  ;■ novee. co.lo ir -'O ■-ct iv i  iy :1 ).g t  ; on l o s t  t o e  

! jO T;rt  / ■ vur, ... 3 L . : O' o t i  t o  fro . '  ocr o ;.n 'ocxf. str-r.r.  s o f  ' e r t n s s i s

nj'l'Ch conlfO'7jo'c n.0 " d-er;on«i?.?>:>,teu - to- G-jocoaso- co i s l o s e ,  o . c t i v i t f .  ey en t lQ urn

too.,' in.-.;■ ; i x  Toe c •: e.o c t o  nj. ::, l i  co end Knooui: m r r i n n .  -7i t o e  id . - t r o ia s  

j..' • . , o r tu e - s i  s in e l u d e d  in t j i i s  ; r f f y  , t h e r e  v/ore n i n e  n.hich. y o s E e s s e d  

o i l  tu n  c lov;  c x s i i  e t i  co o f  svnoctl  co.ltaror-  os;.I Cad n o t  ex l i  ' - i t  nny  

c o t o l o s o  -c t i - v l t y .  o,.L3 o.l t h o r e  o tru i .no ,  i O l f u ,  o m  c u l t u r e d  Iron' f o u r  

S 3 o . i 'o te  i f o o h l l l o n  m  n. r o l l o n s , one. blestec, do t i ' i e o  ir. t.ao u c u c l  

;roc  s h o r e .  C o n d i t i o n s  o f  bite o e t e i t i i n c . t i o n  nm-o _ rot'tii o f  cultoooo. v-:ere 

vax’i e d ;  ir..e c o n c e n t r a t i o n  o f  l f .0 p fr.-em 0 . 1  ol do 0 . 1  ..., t .  o r  t ; u  l i l u a j i t  

fx-OJO 7 . 1 5  t o  9 . 1 ,  t o o  t e n o e r o . t o r e  o f  i n n o o t i o n .  fro- 50°C. to  40°C,  , t n s  

m  o f  t.tedit:, fro..: o . l  t o  <1 . 0 , s u b c u l t u r e  t r n u s i e r s  iro''' o to 11 .  I t



n a s  als-:- x a s t  jci o f t e r  a d d i t i o n  oi' l i v e r  e x t r a c t ,  • . M o i  ' i l l  be d i s c u s s e d  

l o t o r .  ‘j i i o o r  no c o n d i t i o n s  n o s  t c a r e  any i n a i c a t i o n  o f  e n t n l u s s  a c t i v e  tc:.

I> ornor  t o  asvGasiioli o p t i n o c  c o n d i t i o n s  ion cv i n r s a  a c t i v i t y , 

cv i to . r a s  v s r o  in cu c '  toc  at  for two dr pc, b a c t e r i a l  concerttra­

in I n ,  and b i l l i o nn.ons Cor to o  c o s t  in  c r o s s e d  

rxaai. avtioru: / m i s  a t  1 ° ; ’. a oyOp awe aeco yov; .1; i t e r  f i v e  b o u r a .

j'1,7‘0 0  ca learo .v  i n  i l i a  . too. )  - eve j s n u a c a  . .afore toe ,  none i y o -

f . i i i - a '  a v 1 e f  t o o :  ;: on i / . ;  .itu r o i  a: ,  o u t i r n  : i t e r  i s o l a t i o n .  aha

</±

m i c a i ' v n  . a m

a ; e t i v i c p  vac fo.

: 10 OL OS

o i  .an  IS Vo s: :isa

a t  iSO'SOj.; to ore i s  n i s ■ iv i e ,  i  ..i:

r..trr ir. a t o o l  a tod

a i v i w  oi' nvoooh s t r a i n :

n o n

..CO C /i

■ o r t i o s  o f  n i r a i  i s .

t i  ■ oni c a t m  a 1 os: i f f e r o n o o  iij o t i  case

s t r ; c t u r e  a-f t n t a e  tv.o r o . o s ,  a ;  Iv oin a l i e n  t  ovt,s a i m  a n t i  t e n  ' o r o  

c o "  p a v e d . " n o  t o r s i " '  o t i c  a  i l o r o u  c. t a l c  as .■ c t iv i ty  and l.-iio i i c i i  

i o - i t o u  P  a v y a  a r y  V t r e '  a o . 3 ' :  ' ■ ' ' n - ' a n  t i p  a n a  ■ i n  o v o - o . u c i u s  . a i i i i v e r a  i n  

r a b b i t s .  i s  c l :  S O j ’iO . V ' 0  S CO" ' J-L 0! 0 O.L, V / O  V . e d  ■ j  j  o i  . S u i . - O s l ’O/ O i l  ' 0 . 0

.verier ntrci; o;i, i v n o  n.ru.ioof co "cat; 1' s e - n ./ t i v e "  s t r a i n  lOddG

vans r. b sorbed,  v Lth c e l  i s  o f  "cv ta.Lr s o — oo c i t i v  e ” s  ora i n  1 o 5 o 7 , ana v i c e  

v e r s a .  ovors. i c u l t u r e s  i ’lvn nsca ; .rou a none t l e n  /.. .vim. f ' i '  : a, i u -  

i i n o t i o n  a i t s  t v o  ; e sorb  ./a a n G i c e r c .  sv vl a ab a e c c r w  r e s i n n :  o f

a; -lu t i n  a t  i o n  I v e t a  e r j 'o i ’ os  u i t k  c v l t a r e a  fro:- v •;•• roup vs anti . ,  sne  

a o i n s t  o. Cv v i iv s v o v v o a  ant  n c c o v v o a  ont it-eirr  .

v l i  c o l l  aiiGpovi s i u n s , i r r e n . e e t i  ve o f  c; ted.-'-ss a ctivi 'Oj , wore 

a-v/ lntinvvtec in  a n e i w  d i l u t i o n  o i  l:aOOO by s inn er  o f  t i e  n:nco.eorood.

A
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