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ANNUAL P1~PCRT
(progress since report of January 15, 1977)

A. Background

In the past 6 months, several important studies have been cr,m letc~ which
• will guide future studies on vaccine v€~1oi~cier.t to prevent infectior-s due to

anaerobic bacteria. First it would be helptul to summarize briefly the progress
• of these investigations over the past 3~ years.

Our studies have focused on the imr~unochernical characteri zation of
Bacteroides fragilis and Bacteroides meianincqenicus

1. Bacteroides fragilis
The outer membrane of gram—negative bacteria is 1n~nLnologically the

most important structure of the cell because of its accessibility to host defense
mechanisms. By electron micrographic studies, it has been shown that Bacteroides
fragilis has a cell envelope typical of grarr-negative bacteria. The outer mem-
brane of this envelope was found to consist of protein, two polysaccharides
bound to lipid in various degrees, and loosely bound lipid . The protein component
of the outer membrane had a distinct pattern when studied by polyacry1a~ ide gel

• electrophoresis . Similar pepticie band patterns were seen in all strains of
Bacteroides frag ilis subspecies fragilis studied , but this pattern was distinct
from the pattern found in the outer rn ernbra~ osof  other subspecies. The carbohy-
drates and the protein components were both associated with subspecies—specific
inimunoprecipitins. We have proposed that this antigeriic complex represents
the outer membrane of B. f ragil is  in its nat ive state and that the immunologically
important antigens of this organism are associated with this complex .

Bacterial lipopolysaccharides extracted from Bacter~ides f ra i1 i~~, r ub-
species fragilis lacked 2-keto-3-deoxyoctonate and heptose , sugars which make
up part of the inner core of most bact~rial endotoxin~ . Over 98% of the 11~ ii
portion of this mater i~~1 could be removed easi ly wi th chloroforo-metha~~~1 ar~
alcohol, a fir~ding which indicates a loose association between the poly:accharide
and lipid moieties. The lipopol”saccharides caused gelation of limulus lysate
at a concentration sig:~ificantly higher than that for the endotoxin of Salmor.elia
typhi. None of the extracts was lethal in 10-day—old chick embryos at doses
of larger than 200 ug per egg, whereas the er.dctoxin of Neisseria menin~ iti~ is
was lethal at a dose of 1.2 ~‘.g per egg. Thc local SL~artzman reaction cc’~1d
not be induced by levels of B. fragili~ endota~ in of up to 1,000 ug por ‘abbit,
whereas a (control) c.r.dotaxin of S. ~~~hi i: .iure ~i this phenomer.o:~ at a level
of 3 ug per rabbit. Intact c x y gen—k i l i i J  F .  Eraqi?is failed to ~rcvcke the
the local Shwartzman reaction at dose of 2 , 5CC) uq. These results Thdicatc
that B. f r ag i l is  has a lipopolysaccharide d i f f e ron t  frc .n that of most cr~~r-
negative bacteria . Although it retai:~s soz~~ of the cheoi ;al biolog ic propertic~
of classical endotoxin , it seems to lack other ~~. This  cbse rvatior~~ ay have
si)r .i f icant  clinical implications, in vit~w c~ the unic~ie spectrum of ~ iIeare
caused by th’-~se bacteri~i.

A large—molecular weight c~ psular polysacchar ide was isolated frcm strains
of Bacteroides fragilis subspecies fraoili~ . ~y means of electron microscopy
and staining with ruth~niun red , the thick polysaccharide capsule was also
visualized . With use of ~ radioactive ar~t i4 en-’:-ir.iing as say , antibody to th ir
capsular polysaceharide was demonstrated in ~n t i~ cra pr epa red in rabbits to
each of eight strains of B . f ragil is  fr c7if l” . ~ntibo dy of similar specificity

• was not found in antisera prepared to ~act e ro id :.:s ~reia~~inogenicu s or to strains
of Bacteroide~ fr ag ilis  subspecies ~~~1g~t t~~r e~~ B~ cteroides fragilis subspeciesdistasonis; such antibody was found in antisera LO only one of two strains of 



culdocentesis showed significantly greater changes in antibody concentration
than corresponding sera obtained from women with gonococcal or non-gonococcal

• pelvic inflamm atory disease when B. fragilis ss. fragilis was not isolated
• from the cul-de-sac .

These data support the bacteriologic evidence that B. fragilis is more
important an etiologic agent in acute non-gor.ococcal than in gonococcal pelvic
inflammatory disease. B. fragilis plays a significant role in acute pelvic
inflammatory disease and can be involved early in the infectious process.

2. Bacteroides Melaninogenicus
Morphologic study of Bacteroides melar.inogenicus subspecies asaccharo—

lyticus by electron microscopy disclosed tc~ fresence of a capsule and a
cell wall structure otherwise typical of a gram-negative organism . An outer
membrane complex was isolated with use of gentle methods . Relative purity
of the preparation was confirmed by electron microscopy and by the formation
of a single band in a sucrose density gradient. Gel chromatography was used
for separation of the major components of the membrane. Antiger.icity of the
first component, a prateir.—polysaccharide complex , was demonstrated by agar
gel diffusion. Further purification of this fraction showed antigenicity
of the polysaccharide component , which cross-reacted with antiserum to another
strain of the same subspecies. This component probabl y represents the capsular
antigen and may prove to be the basis for serogrouping. The second membrane
fraction differed chemically from the first fraction and represents the lipo-
polysaccharide component of the outer membrane. Notably, this component lacks
2—keto—3-deoxyoctonate , one of the backbone suguars of aerobic, gram-negative
lipopolysaccharides, as does B. fragilis.

B. Introduction

In the past 6 months , our investigations have been directed toward p otent ia l
vaccine development using the capsular polycocoharide from B. frag ilis in a rat
model of intra—abd ominal absce~-s format ion.

As reviewed previously, one d i f f e rence  bot . ’.:oen the various sub species cf
B. f ragilis is that B . fracilis sz. f ragi l i s  contains a capsule which is seldcm
fou nd in the strains of the other subspecies .

Previou s studies have employed a model of intra-abdominal sepsis in which
a complex fecal inoculum containing obligate a:~aerobes and facul ta t ive bacterial
species was implanted into rats (1—4). Initial observations revealed a
Li~ hasic disease. The f i r s t  phase was characterized by an acute peri tonit is

• in all animals and a 43% mortality within the f ir ~;t four days. B . coli and
enterococci were the predominant isolates from the peritoncal exudates and
E. coli was found in 90% ci blood cultures. Recipients surviving this initial
phase uniformly developed intra-abdoniinal abscesses by the seventh pest-opera—
tive day . This secor.d s tage revealed a sh i f t  in the predominant microbes
at the infected site, with B. f ragili s  and Fusobactr: -lum being the mccerically
dominant isclates in the abscesres. Subsequent e x t ~r iments suggested that
microbial synergy between a facultative species and an anaerobic species was
responsible for abscess forrut ion. It-. p ar t i cu la r , an unencapsulated strain of
B. f ragi l i s  failed to produce abscesses w~’~ n implanted alone , but 87-1CC~. of
animals receiving a combination of this B. f rag il i r  strain and B. ccli, jr
B. fragills and enterococci, developed typical loculated purulent collections.
The pathogenic potential of encapsulated ar~ unencapsula ted  F .  fragilis strait-s

• were compared using this same rat model cf intra-abdominal abscess formation.
It was found that implantaticn of encaps~ Lfed ~~~. fraqilis alone resulted
in abscesses in most recipients, whereas inencapsulated strains seldom pro-
duced this e f fec t  unless combined with another  organi . s~ (4 )  . Subsequent
studies suggested that the abscecs p o ton t i a r i ng  a b i l i t y  of er.caps’dated
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B. f ragilis was related to the capsular polysaccharide. Tar lantation of
200 ug of purif ied capsular materia l alone produced abscesses in the majority
of animals tested (4) .

The rat model data has been detailLd in prior annual reports and is
already published (see C.V. in prop osai .

C. Progress towards vaccine development using the rat intraabdominal
sepsis model

We have stuc1ied the capacity of cap~ alar ~alysaccharide - vaccine
• induced antibody to protect animals from intra-abdominal abscess formation.

The protocol used for these studies is cat lir.ed in Table 1.
After initial serum was obtained from 5 wk old Wistar rats, the animals

were vaccinated three times a week fo~ two weeks and given a booster in the
• third week. Four weeks after the initial ~aocine was administered the

animals were challenged intraperitoneally with  various test microbes. Serum
was also obtained at this time . One week later the animals were sacrif2.c€f
and studied . Both histologic and gross e~ uciration r~f abscesses was done
and abscess material was cultured .

Table 1: Experimental Design — Protocol for Th~munization of Rats.

Procedure

0 bleed , irnnuniz.~
3
5 i.rau-.nize
9 iirmur- 4 ze

11 irnmuni :~:
13 inm~un iz e
20 inmunize
28 bleed and. challer.CTO
35 sacrifice

Animals were vaccir.ated with cne of three regimens . (Table 2)

Table 2: Experimental Design — Vaccin e  Consti~~~c~:t~~.

:rrsrunize with :

1. 10 ~g B. f ragilis  ca~~ ul ar polycaccha:~~~ - (0.lmi) ~~~ cc

2. 1C .g 3. fr ar t i l i s  ca~~ca l~~r pc y s ac ch ar i~~e (a .lt - 1) + 10 ‘aa thy ate~
bovine serum a l h u ni n  .lnl~ ~ ~~~~~ conpi~~t c  Freur .d~~s a~~j~~v i : t
IM cn 0, 9 day , a :d

10 ~g B. f r a ~ i u s  ~-:~ cul~ r o - c ’ r~.~~ (h) . 1n~ ) +
10 ug me~~cia~ed bovint serum a~~ a~in (~~.L n l )
IM on the re~ ai n d2r  of the ~~~~~~

•

3. 30 ug B . fr r - i l i-  ou ter  t’~ci t- :‘c ~~~~~.
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The first gr~~p received lC~ ~g of uapt~ul~r ~olysaccharide on each day
of the outlined protocol (Table 1). A second group received 10 ug polysac-
charide combined with an equal quantity c~ ccchy la t ed  serum bovine albumin

• • in an equivalent volume of complete Freund ’s adjuvar.t o~ the f irst day cf
each of the f i r st two weeks of immunization. On all other days the animals

• received 10 ug methylated bovine serum albumin combined with 10 ug capsule.
The third group of rats received the oute r  :‘c~±rane of strain 23745 B.
fragilis ss. fragilis, the strain from which the capsular material  was ob-
tained . This outer membrane contains capsules polysacoharide, distinct
membrane protc~j ns (which have ~~~~ a~ ~ • .  • immunological ly active) , lipo—
polysaccharide, and loosely bound l i p u d .

Table 3: Experimental Design — Ch a l J e n e

On the 28th day a f te r  h eg i nn i ro  i: ;:un~~::eticns c r s f l c nT e  with :

3 . Sterile cecal content:
2.  BaSO4
3. Test microbes

~ntraperit cnec1 ~: •?rt  cc. I: ~~~r t c

Sacrifice at 25 days af:~ - ~~~~~ in~ immunization

At the t im e  f c~~ 1Icnge ~ftcr c€rcc t~~i r c~ for an tibody mca :ure—
ment , antibody to the c~ psu1ec a :;t i u~~n w a s ~oa:: t i toted in the radioactive
antigen bin:11n~ as ’ay, descr~ t~~ in the ~:r~ ::c:t a’ enventigator ’s act work
on this subject  ( ,  ~

) . A ~j o ’.i t ’n  ca~ co l e , wh:  oh cnn ta  : ti Cci  10% ~ ~r iun s u l f a t e ,
steri~ e cecal cont;nt!: and vicious tcct H o :- i c s  ?t:lrderdized to oivo
total bacter ia. we: i neer t ed  In t r o  r i t • : - c a l l v  2 i h l e  3 ) .  The ocThLnat :or 1’.-~: ‘en
shcwn pre’1i~ u a y to iuduc ? a h uc e s s e c  it-. a:-.~ cal s; i- :wcve~ tht~ miccohe by
themselves wi chout b~~riurn su1fa~ e cc ster l~ co::e c ;nteets T O  not ieduo~
ab~ cesces nor do steri le cecal c ont e ct o  at -cl ba rt - :r  s u l f a t e  without anpoc-
priate micrcbe~~. The only thing variH i:. t1~:c • .  atudies  were the varinu s
microbes that  were ~oou]ated into the rot  ri::-:;eor and the vacc n~~.
Seven days o tt er  ir p l o et a t i o n  t :e enLcia s :.~ ro ac: rificed ard bacteriolcoic
and anatomic studier were  per for~~ccl on the a~~ece:: s m at e ri a l .

ifl the n cn— .h- c ua-:ized Central .  groups (m ol e  4 1 ~i r a t s  h~~0 ve ry  loY~
cocc:~ir.tr~itions of amttbed y at  the c irco of C~T S I ’L e 5 O C .  90% of thosc a n i n T I s
giver s  an unencapsu lated B. f r a c i l i s  s t ra in  ~-ith aa terococcu s deve e~ cd
abscesses and no encapsulated B. f r a~~ii~~s were  rec~ vered from these ab—
cce’ses. Greater thec  6~~: of rats civer: either of strain: of ccc
B. ~rag ilis,  either alone or with an entcc coo coos dcve1oj~e l  cu l ture  F : :~~ a~~- :
abscesses. 2 5— 4 c~ of ra ts  implanted wir- h a micr ch~ a l 1 y  complex r~ xm r e  cf
r a t  cecal contents d i e d , and all su rv ivor a  ~lavaic red abscesses from wh~ rh
P .  f r o ej i _is was r :cver •~ trots 7 ta 7.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 4 : Ncn—Irt ununi zed Ccct sols .

Mean ± SD Abscess B . fragilis
Antibody Concentration in in.

Challenge (at challenge) (uc/rr-1) Survivors Abscesses

Unencapsulated
B. fragilis &
Enterococcus 0.44 ± .04 9/ 10 9/9

Encapsulated
B. fragilis (23745)
& Enterococcus 0.53 ± .06 8/10 8/8

• Encapsulated
B. fragilis (26783) 0.77 ± .3~ 9/10 9/9

Encapsulated
B. fragilis (26783)

• & Enterococcui~ 0.57 .14 9/10 9/9

CECAL (1—8) 0.42 ~ . 59  10/ 10 2/ 4

CECAL (1-10) 0.71 ± .33 11/13

Rats immunized with capsule alone, witHut ad~~vants , are shown in
Table 5. Generally, capsular po~ysaccharides are rather :oorl y immi,ino-

• genic in laboratory aniltkils. Howev n:, only 4/9 an imals  ch;iJ lencyed with
the unencapsulated s t ra in  developed abscr sces and l o / 2 3 rats  challenged
wi th either of two encapsulated strain:: davt loped ahsces ;es . H . f rag i li s
could be recovered f rom some of thc~se. A ll an imals  cha] lenyed with  th a
cecal conthnts  developed abscesses , hut encapsol ated B. f r ac t i l i s  was
absent from these cultures. The~~ cec all ~nocui t contained 1—2 less
fewer B. fragilis than the implants with one or 2 species .
Table 5: Capsule Immunization.

Antibody c:t~ hody ~orvivors Culture
Concentration, Ccao o:trct1cn with ci

Challenge ~ean ± ~ean _~~~~ , Oda3ce: car B. c r a qil i s

Unencapsulated
B. fraqilir &
Enterococcus 2.57 ~

- O . l ~ ~.82 ± 2.70 4/9

Encapsulated
B. fragilis (23743)
& Enteroccccus 2.88 ~ 1.58 8.60 : 3.:) 3/8 2/3

Encapsulated
B. f raqil is  (26783) 1 .27 ± 3.98 7..0 ~ .15 2/:

Encapsulated
3. fragilis (26783)
& Enterococ cus 1.19 ± 0. 74 5 . 9 3  ± 3 . 2 7  5/9 5/5

CECAL ( 1—8 ) 1.04 ~ 0.53 ‘~~. ~3 ~ 3.52 6/6 0/6 

~~~~~~~ --~~~~~~~~~-• . - - —--~~~~~~~~ - •- -
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• Rats immuni:ed with the capsule + MSSI\ and Freund ’s as adjuvants developed
much higher levels of antipolysaccharide antibodies (Table 6). These levels
were 3—10 times higher than those achieve.i if the capsule alone was used as
the inununogen.

3/9 animals challenged with the unercapsula cd strain plus the c~terococcus
developed abscesses. 2/10 animals challcrsmd with an encapsulated strain (not
the vaccine strain) developed abscesses. Acair , all animals implanted with the
cecal contents developed abscesses. Hcwu v c~ a these groups encapsulated B.
fragilis was not cultured from the ahscc-zces.

Table 6: limnunization with Capsule + T3A + yreunds (complete) .

Preimmune Ch.ll~ nge
Antibody A~ tibcdv Survivors Culture

Concentration Concentration with of
Challenge l’lean ± SD 

- ~‘ea n ±  S~~ I thscea:es B. fragilis

Unencapsulated
B. fragilis &

• Enterococcus 0.78 ± 0.38 1.71 II 5.8 3/9 ‘), 3

Encapsulated
B. fragilis (26783) 1.38 ± 0.95 51.7 ± 7 .44 2/ 10 0/2

CECAL (1—10) 0.66 ± 0.22 23.7 ± 6.3 9/9 0/9

Rats irttaunized with •:uter membrane (Table 7) responded reasonably well
immunologically to the capsular portion of the mcrthrane and in addit ion deve-
loped precipitins to other , mon—capsular ac.ti3ens , ~articu1arly outer nemtier,e
proteins and lipopolvsaccharide. Only 1/9 ~nima1s challenged with the ut-en-
capsulated strain pl:c the enterococcus developed abscesses. 1/10 sn~nalc
implanted with the heterologous encapsulated strain develop :: abscesses and
5/7 animals challenged with tI e cecal contents develcped abscesses. Again in
this latter group •~o abscesses contained aa-:epsulated 3. fragilis.

Table 7: Immunization with Outer ~:embrane.

Preirtinune Ch a l l e r~cc
Antibody Antibody 2~urvivors  culture

Concer.tra~~icr .  C o n o o n T r i t c o n  with of
Challenge Mea n ± S~ ~‘aa r ±~~~P A l c r~~r s e c  B. f rag ilis

Unencapsulated
B. fra~i1is &
Enterococcus C.3 ± .‘~~~ c .’~2 I ~~~~ 1/~ 3/1

En capsulated
B. fragilis ( 2 f ~78 3 )  0.31 ± .C ~J c . i s  ± 5. 13 1/10 0/1

(ECAL ( 1— 10) 0.3]. ± . ~ 22.7 5/7 0/5

‘ I
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Statistical estimates of the sign if icanc e of these data wer e done by
chi square analysis with a Yates correction (Table 8). With regard to the
protective effect of various irnaunogens on abscess formation, immunization
with the capsule alone, significantly protected only against challenges with
flora containing encapsulated B. fragilis. Protection against challenge with
the unencapsulated strain was found to be not statistically significant. In
animals immunized with either capsule comb ina~ with adjuvants or outer mem-
brane, there was significant protection a,einst challenges with either en-
capsulated or unencapsulated strains. The outer membrane contains multiple
antigenic determinants which may be cross reactive between the encapsulated
and unencapsulated strains . Indeed if animals are immunized to high enough
levels with capsule and adjuvant, antibody to some of these cross-reacting
determinants are present in sufficient quantities on the capsule to protect
against unencapsulated strains. It is possible that these are shared carbo-
hydrate determinants between the lipopclysaccharide cf the unencapsulateC
strain and the capsular polysaccharide. flo significant protection to abscess
formation was afforded by any vaccine to challenge with the mixed cecal con-
tents.

Table 8: Chi Square Analysis of Effect of Immunization or. Abscess Fcrmaticr..
Immunized with:

P valve (No. wita Abscesses/Total Testec)

Capsule +
Challenge (Control No. 1-IPEA + Cuter
with Absccsses/Total) Capsule Freunds 

____

Unencapsulated
B. fragilis & Less than  Less than Lass thon
Enterococcus (9/10) .1 ( .~/9)  .05 (3/~~) .31 (1/9)

Encapsulated
B. fragilis Less thar~ Less tha n Less than
Enterococcus (26/30) .031 (10/26) .001 (2/10) .001 (1/10)

CECAL (23/23) NS* (6/6) ~:s 9/9 NS (5/7 )

* Not significant

However , encapsulated 13. fra~ i1is ;~as larcelv eliminated from abscesses 3e~’e—
loping in all immunized ar.imuls challenged with cecal contents.

Table 9: Effect of Immunization on Recover’: of 3. fragilis ss. frecilis f r on:
Abscesses in Animals Receivir~ Coral Contents.

No. with B. fracilis/Total

Control 7/ 17

Immunized 0/23

In suxirary , we have shown tha t hiol ly sicrificant protection from abscess
fo rmation can be of fe red  in. animals cha l1en- ~-ed in this  model ( int raper itoneal ly)
with encapsulated B. f r ac i l i s,  if these an~na1s are immunized with the capsular
polysaccharide or outer membrane . Protec t~ on to challeng e wi th  unencapsulated

~~~~~~, • •.~~~~~~~~
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B. fragilis + enterococci was best in .inimals immunized with outer membrane
but also significant if the rats were it-m~unizcd with capsule arid adjuvar.ts.

No protection to abscesses was afforded in animals challenged with cecal
contents. However, abscesses from all icnunized groups challenged with ceca .
contents failed to grow encapsulated B. fracilis, dcmonstrating the sI:ecifi_
city of the vaccine antigen .

4. Intraabdominal sepsis and abscess forri~ t1un is ob’ iou~ ly results from ~
complex set of interactions between multiple bacteria . However, successful
immunization with the capsule of B. fragilis could well protect against the
formation of abscesses due to these bacteria, and thereby possibly eliminate
the pathogen most frequently isolated from abscesses in intraahdorrinal sepsis.

D. Adherence of Bacteroides fragilis ~o Peritcneal Mesothelial Cells.

This section contains studies of adherence of Bacteroides fragilis to
mesothelial cells, a possible contributing factor to the pathogenic potential
of these bacteria.

Our interest in this group of organisms ha c been expanded , based cr~ our
observations (reviewed above) with the Wistar rat model of intra-al.dorrinal
sepsis. The results of these studies, which have been summarized previousi’:,
indicate that encapsulated B. fragilis produced abscesses in 19 to 20 animals
following intraperitcneal challenge. F~y contrast , unenr apsula ted strains
failed to produce any detectable lesions.

The adherence studies were designed to c-xe no  adherence as a possible
mechanism of increased virulence of encapsulated 3. frag ilis in this ra t
model.

Inocula consisted of 18 hour BHI broth cultures of the test organisms
which were harvested by centr i fugat ion , w~ ched once in phosphate b u f f e r  and
diluted to give a final ccncentraion cf ; rc::imatel y l~~ colony fo rn ir ç  u n i t s
per ml. Small plexiglass platen with 8 mm holes were attached to the peritc.-
neal mesotheijuan of anesthenined Wistar rats. Each chamber was filled with
0 . 2 5  ml of the cell suspension . After ino obatiop . in vivo for 30 minutes, the
suspension was aspirated , the wells were wanhed once w it h  phosphate buffer and
a tissue biopsy was obtained usinq a 4 mm dfameter dermal punch. Each biopey
was washed 6 times in phosphate buffer and then p laced  in an anaerobic glove-
hcx. The tissue was homogenized a nd ali quo ts were plated on braicella-bese
blood agar to determine viable cell counts. Renults were expressed as lo~~~
colony forming units per biopsy.

The apparatus used for the in vivo adherence as say consistocl  of p1~x~ cIess
plates, held with clamps so that peritoneal mesotheliun formed the bottoo of
the well. There were six wells so that different bacterial strains coC 1 be
tested simultaneously. This permitted the use of each animal as its own
control. All procedures were conducted u ’- ing  a r ep~-ic t chniqucs.

Results with two groups of organisms are sumncr  L c c d  in . Table 10.  Or.e
qroup represents 20 experiments with eight different strains of encaj sulateC
B. fragilds. The second group represents 17 ex~ erimcrits u s in g  8 strains of
uner.capsulated organisms . Included in the latter were representatives of all
S subspecies of B. fragilis other than en fracilis. No imoort .ant di f fe r e r ce s
were noted between strains within these two s; therefore, the r e sul ts  for
each group are combined . It was foun d t h a t  tb nncao 3’:lated B. f r ag ili s
had a mean concentration of approximately 1 003 L~cteriaI calls per biopsywnile the ur .cr .capsulated strains had a m ea :  :~ce nt r a t i cn  of 12 bacterial cells
per biopsy . A statistical analysis ucing 2tu~ r•r.t’s T test shows that the
d i f f e rer.ce between these two groups is si gn~~f i : a n c  (p less than 0 . O O i ) .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 10: Adherence : Resul ts

Mean Inccuiun
Bacteroides species Size ~~ an Adhe rence

Tested ( log1~ ~FU/rnl ± l~~~ N) ~~~~bioPsy ± 1 S:N)

B. fragilis 8.02 ± 0 .13  3.00 ± 0.07

• B. distasonis
• B. vulgatus
• B. ovatus 7.98 ± 0 . l ?  1.07 ± 0.23*

B. thetaiotaomicron
B. other

* P less than 0.001 compare to B. fracilis.

Scanning electron microsccpy was also 3-er for o ed as another method to
• assess bacterial adhere nce in th is  in v iv o  n e - de l .
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• The results showed that encapsulated B. f r e~’i1is were readily apparent
on the mesothelial sur face in most fields , whereas unencapsulated strains
proved extremely d i f f icu lt to de tect as all . I l l u s tr a t e d  here is a repre-
sentative photograph with encapsulated 3. ~r~~Jj J~~ - showing oroanisms
on the mesothelial surface. It was noted chat these or ani~~ns are
far more prevalent than their ur en caps ’ : l a t od  counterparts , nevertheless
they are quite scarce . On the basis of ce ll cou nts and bllpsy surface area
it is estimated that there were apprcxLT,at~~ly 80 -:rc-snisms per sc~uare mm
of mesotbel ial surface. These electre: microscopic  p i -o tcgraj -hs  tend to
corroborate this estimate .

Additional studies were done to ex am ne cer tain variables which might
influence adherence by encapsulated B. f r ag il is .  One consideratIon was
pili since these structures are considered importan t for surface attac :mant
by other organisms , especially aerobic gram-negative bacilli and N eisses a .
Shown here is a micrograph of negatively sta ined en ca3~sulcated B. t r a oi l l l
strain which was used is our previous adherer.ce a~ o-av . This and all ether
strains of B. fragilis tested failed to show p ill. (Fig . 2 ) .

I
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The final experiments concerned possible methods to reduce adherence
with cell wall components of encapsulated B. fraailis. First, the animals
were immunized with either the en t i re  outer no mhr -a r~e or the capsular poiy—

• saccharide prior to the in vivo adherence assay . Despite high levels of
anticapsular antibody in the immunized a nm n a . s there  was no change in ad—

• herence results compared to non- immunized controls .
• The mesothelial tissue was then pre incub ate d  with 200 ug of purified

B. f ragil is  capsular eolysacchanide.  Af te r  30 m in u t e s  the well  was washed
and the standard adherence assay was p e r f - o rrn - s1 using encapsulated B. fragilis.
Results showed that preincubation of the tissue with ca~;sular polysaccharide
reduced counts to 102 . 2  b a c ter i a/h i s .  Thin r epresents  a reduction approx-
imately 90% compared to ccntrols cr0 t iis difference is significant by the

• S tudent T test (p less than 0 .05)
This in vivo adherence assay has sh-:wn tha t encs~~sulsted B. fragilis

have a grea ter propensi y to attach to mesothel4-al ce-h r than unencapsulated
strains. The increased adherence does not aPpear to be related to pihi
sirce these structures were not noted in the bac Lenial st ’a i rn  tested . Pre-
treatment of mesothelial cells with c~psular polynoecharir~e decreased ad—

• herer.ce. This suggests that the capsular poiysacchar’ :ac or associated material
is r esponsible for the increased atherence.

The failure to decrease adherer.ce by inununining with capsule would ind i-
cate that the protection found in the rat model of intra-ahcl -c ainal sepsis after
ixts~uru iza toon with cape-d c is due to a differeut nechar .ism. This  mechan~ sm
may be enhanced opsonophagocytosis.

II Bacteroides melan in or en icun

Immunochemical arid Biologic Studies of the Lipopolysaccharide of Bacternid~ s
melaninog enicus subspecies ncaccha rolvt icus .

A. Materials and Method s

Isolation of the LiporolysaccbarP-~o from the Nat: .ve. Complex ~F~ TA—extracted LPS~

Lypophilined outer membrane ext rac ted  as descr ibed previously (7)  was
solubilized in 2 ml of a b u f f e r  ( 0 . 5 %  NaO) contai:-.in~ 0.u5 :1 glycine, 0.001 :i
ECTA , and 0 . 5% sodium deoxycholat e , ad juct ed  te- pH 9 .5  with NaCH. The pH of
the suspension was raised to 11 with 1 N ~-~eCH whe n ne~ essary to cla r i fy  the
suspension and was then lowered to pH 9 w i t h  1 N NCL wh ere it remained clear .
The sample was immediately chron ategraphe d c:- a 1.6 x 82 cm column of Sephadex
G—1CC (Pharmacia, uppsala, Sweden) eq iaii ibr oced wi th  0 .5% NaD b u f f e r  and 2 ml 

-
•

• f ractions were collected , as indicated ~-r~ v±ous~ y (7).
The void volume (v~ outer membrane  material (Pool 1, greater than i05 dal-

• tons) was collected and concentrated to s vol-sine of 5 ml with use of an. ultra-
f i ltration cell (~znicon Corp., Lexin-itc-r-., NA) with a PM-20 membrane. Pool 1
material was removed from the residual deoxycholate buffer by precipitating
the concentrate with 0 . 2  N NaC 1 end 4 volumes c-f absolute ethanol. A f t e r  re—

• peating the alcohol precipi ta tion , the nrecipitotcd material was suspended
in water arid l y o p hih i s e d . The rerainder cf ~he columr. eluant (Pool 2) was
separated most e ff i d l ln t l y  fi~c:: the d’-cxychola to b u f f er  by cold alcohol pre-
cipitation (80% ethanol) without first ccr :cc--tr itinq the pool to a small volume.

In or.e e:~perirn~ nt, followinq extractien and purification of the outer
rn emLrane , ir . txinsice l ly  labeled w ith 3H-ucetate Fool 2 material , after lyophi—
l ization, was re— susn - nded in 0 .05  N Tri s  hu~~~ -r , pH 7 . 3 , and chrcmatographed
on a 2.5 x 80 cm Sepharose 4—B colum n ( P h - ~nm a c i i , tppsala , Sweden) equilibrated
with the same b u f f e r .

~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Lipopolysaccharide Extraction by the Phenol—Water Method

A modification of the procedure described by Westphal was used (8~I I Pelleted whole bacteria were suspended to a concentration of 20 mg/ml (wet
I ~ weight) . Eleven volumes of 88% hot phenol (68 C) were added to nine volu.-”e~

of bacter ial su spe nsion , ar,d the mix ture  was shaken vigously fc r f ive  minutes
in a 68 C water bath . The two phases were sep arate—I ovenight at 4 C in a
separatory funnel. The aqueous phase was removed and the phenol phase w~ s
re—extracted with nine volumes of water . The aquce-us phases were then com-
bined and the residual phenol was remov~:d Lv r pearcd extracticn with ether .
The residual ether was evaporated from the aquece : phase by a stream cf
warm air. The aqueous phase was then concentratc-d in an ultrafiltration cell
(Amicon Corp., Lexincton, MA) using a ?M-30 membrane . The concentrated Ira-
terial was precipitated overni-~ht with  four  vn -lu :~~s of absolute ethanol in
0 . 2  M NaCI at 4 C. The precipitate was romcveJ by centr i f uga t i on  at 10 , 000 g
for fifteen minutes. The pellet was then suspended in ir is  b u f f e r , pH v .7 ,
and incubated with DNA se and RNAse for  ~4 hrs at 37 C. The enzyme t reatment
was repeated once. The pi-i was adjusted to S and the ma ter i a l  was then t reated

- 

- with Pronase (Calbiochem , San Diego , CA) , lrns/m l , overnight  at 37 C. The
Pronase tree tinent was repeated o’ ce. Follcwir-s enzyme troathtent , the s3.rr:-ie
was chromatographed on a .5 x 80 cm cclun-r. of Perharose 4-B, equilibrated
with 0.05 M Tris b u f f e r .  The v~~id volume fracuic .n was collected , concentrated
on a PM—30 membrane, alcohol precipit-ete-0 , cod l ;cn n i l~~zod . In some exr-’ri—
meats , the phenol—water extracted LPS wan further p u r if i e d  by uitracentrifuc:a—
tion (100 ,000 g x 1 hr) of the r i t - e r in i  eE ~~-nn er•zyrw- tr~stment. T:ne peilet
was then suspended ir .  water and lycr~’i l iz - i .

Chemical Determinat ions

Chemical studies were p erformed a~ 0-~ n~~;~ d j r cviou l y ( i , 7 , 9 ) .

Fatty Acid Determination by Gas-Li quid C - .r a t - o c r a r h -~

One mg of specimen was dissolved in 1 m~ absolu te  ethanol .  15% K09 was
added . The sample was heated at 80 C for 2 1-~r r .  The pH was then lowered to
2 with HC1 and the samp!e was extracted t h r .  times with n—hexane . The laexane
portion of the sample was then evaporate-I .- :ie-h dry nitrogen at 45 C. The re—
sidue was then methylated usiro EF3—methcsel . The conditions of methylation
were 56 C for 30 mBa . One ml of distilled wate: was added to step the reaction .
The specimen was again extracted three tirnc~ with n—hexcne and dried with, ni-
trogen. An aliquot of the specimen was uce~ for GLC. Separation was made
usirsj 10% diethylene glycol succinato or. 1~ (-l2O mesh Chromsorb AW. A 2 m
long x 3 mm internal diameter column was u:- cd. The column temperature was
190 C. The in~eatic- n port was 220 C and the detect-tn was kept at 220 C~ Flow
rate was 20 ml, mmn. . Peaks were det2ctcd us~ rwi a flame ionization detector at
lO~~ amps. The sr.7nal was integrated using a Shirad.n-j ITG—4X Digital Inte-~ra tcr
and the % compo-~ition was determined using a narryariron of microvolt-sec of
each peak compared to the total.

Tests for Biologic Activity

Dermal Shwartmman tests were perfor on wean ing New Zealand White
rabbits. Var icus concentrations of each -antiden , diluted to 0.2 ml with

L - -— . ——  -- -~~~ - -. •~~~
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sterile 0.15 M NaC1 were injected intradermally intm the shaved abdomen of
each rabbit. After 24 hr, a 0.4 ml challenre dose was given intravenously .
Hemorrhage or necrosis at 6 hr and 24 h, wis read as a po5.i tive  reaction (10) .

Limulus lysate assays were perfcrn~eJ graciously by br. M. Johns (Boston
University Hospital, Boston, MA) according to the  metd ad of Levir. (11) .

Chick embryo toxicity tests were done as described Ly Smith and Themas
(12), as modified by Fir.kelstein (13~ . 10-- icy old c h i ch  embryos (Spafac Inc.,
Norwich, CT) were given 0.2 ml intravenous in 4ectior~s of various conceritra—
tions of antigen into a vein in the chorioal ar.toic mer~d rane, after a windcw
was cut in the shell over the vein. The wiodow was sealed with tape and the
eggs incubated for 24 hr at 39 C. Mortality was determined after 24 hr and
50% lethal doses (LD 50) were calculated according to the method cf Reed an d
Muench (14). Purified outer membrane protein fn;rn Group B Neisseria menin-
gitidis and the capsular polysaccharide c f Cro::; C U . meningitidis (neither
containing detectable endotoxin), were u~~ d to determine the range of endc-
toxin—specific chick embryo toxicity .

Serologic Methods

Rabbit antisera to whole organisms were prepared as detailed previously.
All antisera were stored at —20 C prior to use.

The double diffusion method of Ouchterlcrv was used (15) and precip-itin
patterns were read after incubation at room temperature for 24—48 hr.

Indirect hemagglutinatico (IHA ) was performed in U-well plastic trays
(Microtiter , Cooke Eng iaeerir.g Co., Alexandria, VA). Sheep red blood cells
(SRBC) were storcu at 4 C in Alsever ’s celution (Sco tt Laboratories, Inc.,
Fiskeville , RI), and diluted to 2% af ter several washings with neutral PBS
prior to each experim~ nt. The SRBC were sensitized by incubating 1 ml of 2~sp~ c with 1 ml of antiger. at 37 C for 30 r im .  The optimal ant i gen  concentra—
t im was determ ir.c•d to be 10:; ug. The test was rerformed by adding 0.025 ml
antigen—SRBC susper ~n : o r -  to 0.025 ml of serial dilutions of antiserum . Hemag—
glu tination patterns were read after incubat!cn of the trays for 2 hr at 37 C,
and again after c-verniciht incubation at roan t-orocrature. All washings, dilu—
ticn,~, erd susner.nior.c were done wi th  neutra l  2~~ (Grorl Island H~ a.c~~ical Co.,
Gcand ::lar.-i , ~Y) .

Hemag~~~c~ :. ~ticn !.d-aibit :en (dAl) ‘-.-en venforned in U—well plastic trays .
Four h e ma g gl u ri ra t : n -- (HA) units of antiserur, no used in the test. This
serum ccncc n r~ tioa was defined as the hieh-e -:t :-~ m -~~g1utinatirg titer achievedby the home loCous arti2en divided by four. i’O5- ’~ units of antiserum were
added to various ;-a-c-e r.~ r~ ti-’ns of inhibite r arc. incubated at 37 C for 30 m m .
Ar. equal vo1-am~ (0.05 md) of anticen— PJ~C surpersion wan then added to each wel’
and the mixture was jacuboted at 37 C far 2 hr , ~~tcr which hemaggiutir.ation
patterns .-er. r .ad.

B. Results

Chem~ ca c:rs~osimimn of _ _ _ _

The EhTA - - - - x ~ ractt :d out r :nernbr ene r c r-er at ic r .,  when chronatog r aphed on
Se~madex G— ’~O’0 u sir  0.~~ sadium deex’;-: : ;o l-t e  ~an endotoxin disaggregating
substar.:e) ir rho r unrd-,~ b:~~for , d ?no rrti -- x t- d t;-o major fractions ( C 3 ,7 116)
The void volsar —~ tcrial (Po~ l ., creator tI:: :; 1c~ daltcns) was found to be
a protein—pcivr~~--ch sride err!- -~~~~~ wi th 2e% i oose iy  bound ( c hl or o f or m : me th t n c i
ex tractable) l~~: i d .  This  f ra c t i on  as 2: - i i ~~-i pr ev ious ly  (7) , contains
the capsular an t i c e r .  The ~ec-.’r fr-a ‘t :en , ~cr l  2 , eluted  at  a point con-V

- -  - -  -- - -- - -- - — -  -
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sistertt with a molecular size of 12,000 daltons , the monomeric unit of dis-
aggregated bacterial LPS. This fraction consisted of 32% carbohydrates with
less than 5% protein, and had 62% loosely-bound lipid by dry weight analysis.
This second fraction was re-chromatographed on Sepharose 4-B in Tris buffer
after removal of the sodium deoxycholate (Figure 3).

Fig. 3: Sepharose 48—column elution profile of EDTA—extracted LPS, labeled
with 3H—acetate, using This as the running buffer .

160

V0 = 107 1500 TilO
140~

20 40 60 80 100

ELUTION VOLUME (4 ml Fractions)

The material eluted s l i ght ly  beyond the void volume (V 0 5 x io 6 daltons),
demonstrating reaggregation. This indicated that the second peak was an ag-

C gregated lipopolysaccharide. The LPS extracted with aqueous phenol f rom the
same strain, intrinsically labeled with 3H—acetate , eluted at the same Kay .S

the aggregated second pool. This extract, when chromatographed on Sephadex
G—100 (V0 greater than i05 daltons) demonstrated partial disaggregation and
a rather broad peak in the presence of the Iisaggregatir.g buffer (Figure 4). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig. 4: Sephadex G-lOO column elution profile of a phenol-water-extracted
LPS labeled with 3H-acetate.

v0=1o
5 io~

100 : $ I
80 -
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0 8 0  100

ELUT1ON VOLUME (2 ml Fractions)

Estimates of its molecular size ranged between i04 daltons and 106
daltons. Thus, both th-~ EDTA—extracted LPS and the phenol—water extracted
LPS displayed the capacity to disaggregate in the presence of an LPS dis-
aggregating medium and to reaggregate in its absence , and thereby demon-
strated physico—chemical similarity.

Gas-liquid chromatographic analysir of both the EDTA and the phenol-
water LPS preparations of several straine of P. melaninogenicus subspecies
asaccharolyticus revealed tht presence of glucose, galactose , and gluco—
samine (Table 11).

Table 11: Gas-liquid Chrcmatographic ~.:r1yuis of Sugars.

Strain 38 Strain 376 Strain 53E~
EDTA—LPS -~ -H2 0—L P S EDTA—LPS ~ —H 2O—LPS

Glucose 3~ * 32.8 19.3 11
Galactose 7 12.3 14.8 28.9
Glucosaznine 11 35.3 16.5 28
Rhamnose 4 5.8
Mannose 9 20.5 l’.8 4.7

~~~~~~~~~~~~~ represent the percentages ci total identifiable s~~:ars.

--

~ 
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Small amounts of mar...o. e (9%) were f~ur,c in the L.D A extracted LPS of

strain 382, and rhamnose was detected in ~hc ~jTA extract of strain 382 (4%)
and the phenol-water extract of strain 53( (5.~~ ). 4-20% of the chromato—
graphed material from all three strains t-~ ;r:d had retention times similar
to that of a peak tentatively identified as a heptose. Definitive identi-
fication of this peak, however, requires ccnfirnaticn by mass spectrornetry.
However, colorimetric determinatior.s of --pt- :se showed it to be absent in —

all of the LPS preparations. Similarly , r ;- K -O was four.d in ar.y of the
preparations.

A unique pattern of fatty acids was detected by gas-liquic~ chromatography
(Table 12).

Table 12: Gas-liquid Chromatographic Analynis of Fatty Acids.

Strain 382 Strain 376 Strain 536
EDTA-LPS -__ EDTh-LPS —H-,0-LPS

C_l2* — 5** —

C—14 — 10 <5
C—16 62.5 35—40 34.2
C—16:l 13 20 10.1
C—l8 9.3 15 21.1
C—l8:l 10 10 8.0
Unknown A <5 5
Unknown B <5 <5 8

* Refers to number of carbons in the cha in ;  number fol lowing
colon refers  to the sita of a 2ouhlo bend .

**N~~~~ers refer  to cpprox i r -~te r orcertages of total f au t y
acid measured .

The predominant fatty acids were stearic (~~3 Carbon) and palmit ic  C 16
Carbon). Two unknown fatty acids which nay be odd-changed were detected .
Notably , no s—OH ~ y r ist i c  acid was d et L c t c d . This fa t t y  acid is foun d
corrinonly among the lipolpolyscocharide of SaLm— n e l l a  and other fac  tat i ;”
grain-negative bacteria (17). —

___  - - -~~~~~~~~~~~~~ - - ~~~~~~~~~~ -- - - --  
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Several preparations of LPS from two strains of B. melanir-iogenicus
were tested in the Liinulus lvsate assay (Table 13).

Table 13: Results of Lirnulus Lysate Test.

Preparation Concent ~ ation (~ g/ml) *

EDTA-LPS , Strain 382 5 x 10~

4—H 20—LPS , Strain 382 4.8

Outer membrane , Strain 536 4.0

~~~2°~~ ’~ ’ Strain 536 4.8

H20 no gelation

~—H 20—LPS , S. typhi 0:901 0.15

* Fi~.jures refer to concentraticn of in-lividual preparations
necessary to gel limulus lysate .

The LPS of Salmonella typhi 0:901 ( p h e n o l - w a t e r  extract) gelled the
Lirnulus lysate at a concentration of 0.15 ~‘g/ n1, whereas the LPS preparations
of two strains of B. rnelaninogenicu s gelled the iys-Ite in a range between
4.8 ~.ig/m1 and 5 x ~Q

3 ug/mi of LPS, a minirrum of thirty-fold less activity
than the LPS from S. typhi.

The same two strains of B. melanir.oqenicus ‘;er~ tested for induction of
dermal Shwart~ nan reactions in weanhing raHcits (T~b1e 14).

1 
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Table 14: Comparison of the capacity of various endotoxir. (LPS) preparations
to elicit the derinal Shwartzinan reaction in groups of rabbits.

Preparation tested Dose (pg) positive / total coimnent
prepar- provo test~/ tested
ative cative

Salmonella typhi 50 10 4/4 Positive tests
0:901 endotoxin 25 10 4/4 manifested by

5 10 0/4 hemorrhage or necrosis
2.5 10 0/4

_____________________ 
0.5 10 0/4 _________________—

Phenol—water extracted 500 250 0/3
LPS, strain 3~~2 100 250 0/3

25 2~ 3 0/3
_________ _______ 

5 250 0/3 _________________________

EDTA extract~-d LPE , 500 250 0/3* * 1 rabbi t had an
-:~~rair~ 382 200 250 0/3 area of hyperemia

50 250 0/3 without  her.ce-chag e
________________--_____ 5 250 

- 
0/3 or necrosis  at  500 so

Phenol-water ex tracted
LFS , s t r a in  536 1000 250 0/3

500 250 0/4
100 250- 0/4
25 2~0 0/4

__________________  
5 250 0/4 

_____  ________

EDTA extracted LPS , 500 250 0/3
strain 536 100 250 0/3

_ _ _ _ _ _ _ _ _ _ _ _ _  
5 250 

— 
0/3 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S. ~~~~~ 0:901 I P ~~ was used as a positive control, aria demonstrated a 50%
endpoint (hemorrhage or necrosis after S hr) at a concentration of 12.5 pg/mi.
The LPS preparations from strains of B. me1a~ ir.oaenicus, both the EDTA and the
phenol-water extracts, gave ro positive rea—tion in doses up to 1000 ug.

Chick embryo lethality was assessed with LPS preparatiens from two strains
of B. melaninogenicus and compared with that c-f S. r-innesota S:218. Results
are summarized in Table 15.

_ _ _  -~~~-~~~~~~~~~~---  - - -~~~~~~~~ —- - --~~~~~~~~~~ - -—-“----



—
~~~

- -
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—20—

Table 15: Chick embryo l e tha l i ty  of LPS f rom B-~ot~~r c i 4 ~~ melanino~enicus
subspecies asaccharolyticus.

Preparation Dose

Strain 382, outer membrane 400 pg
Strain 382, Poo.l 1* 100 ~g
Strain 382, EDTA—LPS >300 pg
Strain 382, ~—H2O—LPS 45 pg
Strain 536, outer membrane 150 pg
Strain 536, Pool 1 50 pg
Strain 536, EDTA—LPS 100 pg
Strain 536, ~-H2O—LPS 28 pg
(pos. control) S. minn. S218, ô-H20—LPS <1 pg
Group B, N. mening . protein** <100 pg
Group C, N. mening . relysaccharide >100 pg

* Pool 1 refers to the outer membrane fraction
eluted from a Sephadex 0-100 coluon at the void
volume, which is distinct from the LPS fraction .

**The preparation from N. r~. ir  tidis are outer
membrane ant igens  which have been purif ied and
are distir.ct from the LF-~ f r~ ct ions .

The 50% lethal dos e (LD 50) of S. mince~ ota was fcund to be <1 pg .  The
LD50 of the EDTA—extracte-~ LPS and the rhenol—water LPS of strain 382 were
>300 pg and 45 pg,respectively . Purified outer me~rbr ane  ar.d Pool 1 (protein-
polysaccharide complex) from strain 382 as well as an outer nerrJ. ar~e prcte i:.
from Group B ~‘Teisseria menincitidis and a cao~ular polysaccharife from Group C
N. rneningitidis were tested in order to determine the range of endotoxin
specific chick embryo lethality . These four preparations were all found to
have an LD 50 of 50 pg or greater , wi th in  the range found for  both 3. melanino-
genicus LPS preparations. These effective killing concentrations were all
30—100 fold greater than tha t of the positive control (3. minnesota) and were
thereby considered er.dotcxir . non-snecific r ea ct i o n s .  Poth the EDTA—extracted
LPS and the phenol—water extracted T.PS from strain E~36 were also tested for
chick embryo lethality . The EDTA-ex-sract-xl LPS had an LD50 of 100 ug and
that of the phenol—water LPS was 23 pg .  CorrDari ocn to whole outer m-~nbran e
and the Pcol 1 fraction from strain 536, which had LD 50 ’ s of 150 pg and
50 pg, respectively , reveale~ that the Sot lethal dose for th~ LPS extracts
of strain 530 was clearly in a er d ot ox in  nc-n-specific range.

Serologic Activity

A previous study has shown the rr000re-: of twc nojor outer membrane
fractions in B. melaninogenicus when the ~~:T~~ extraction was ~:erformed followed
by gel chromatography with Sephadex c,-1~ 2 in tl~c presence of sodium deoxvcholate.
When the void volume fraction (Pool 1) - -- -a~ t~ sted by agar gel diffusion with
homologous antiserum to whole orgardonc, t ; - -’ prec~oitin l~ nes were formed .
After digestion of Pool 1 with Prcnase , a rrntcoly~ ic enzyTle, ore precipitin
line remained . This remainining line was sh- e-n to be formed by an antigen that

11 
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is very likely to be a capsular polysaccharide. When the capsular antigen
from strain 536 (Figure 5) was tested by Ouchterlony double diffusion in agar

— 
against homologous antiserum to whole organisms , a single precipitin line was
formed. The phenol-water extracted LPS from the sam e strain, partially puri-
fied by column chromatography (“crude” phenol-water LPS), showed a line of
identity with the capsule when tested by double diffusion . After the phenol—
water LPS war further purified by ultracentrifugaticn (“purified” phenol-water
LPS),the precipitin line, although still present, was barely visible. No preci-
pitin line was formed when the EDTA—extracted L~S from the same strain was
tested by gel diffusion.

- - Fig. 5: Double diffusion in agar wit”. rabbit
antiserum to strain 536 in center
well. Outer wells contain: A
capsular antigen, strain 536; B -

. -
- 

- .

“crude” 4—H 20—LPS , strain 536; C = . A . - ‘

“purified” ~—H2O—LPS , strain 536; - 
. •

..... 
- -

D = EDTA—LPS, strain 536. Anticen . 
-. 

-

concentrations in wells A and B are :. ~~~~~~~~~~~~~~~~ ~~

. ‘ -

3 mg/ml. Antigen concentrations ln . -- -
- 

- 
.- - b

wells C and D are 6 ma/mi —
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In order to study fur ther the relat ionship between the LPS antigens and
the capsular antigen , indirect hemagglutination (IHA ) was performed . A sir.gle
strain, 536, was selected for analysis . Sheep red blood cells (SRBC ) sensitized

— with any of the four antigens (capsule, EDTA—extracted LPS, “crude ” phenol—water
LPS, “purified” phenol-water LPS) showed hemagglutination with hyperimmune
rabbit antiserum prepared to the homologous strain. The highest titer was

- - - found with capsular antigen—sensitized SPBC which hemagglutinated at a l:.4
serum dilution; SRBC sensitized with any of the three LPS preparations hemag—
glutinated with the serum diluted to 1:8 - 1:16. SRB C sensitized with these
antigens did not demonstrate hemagglutinating activity with antiserum prepared
to heterologous antigens. Hemagglutir-ation inhibition (HA l) experiments (Table 16)
revealed that SRBC sensitized with capsular antigen were inhibited by both the
capsular polysaccharide and by the “crude” phenol-water LPS at an amount of 0.6 pg,
but not inhibited by the EDTA-LPS and inhibited only at a very high concentration
(25 pg) by the “purified” phenol-water LI’S. 

~~- - - -~~~~~~-~~~~- -~~~~~~- 
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Table 16: Hemagglutin~ition inhibi tion c-f c~~~;ular antigen from B. melaninogenicus
(Strain 536)

Inhibitor Lowest Dose Producing Inhibition

Capsule <0.3 pg
EDTA—LPS rio inhibit ion (> 2 5  ug)
“ crude” ~ —H 2O—LP S > 0 . 6  ~ig
“pur i f ied”  ~ —H 2 O—LP S 25 pg

HAl was done using “crude-” pheno—water LPS sensitized SRBC (Table 17) .

Table 17: Hemagg lut inat ion inhibi t ion of “ crude ” ~-H20-LPS from B. meiardnoaenicus
(Strain 536).

Inhibi tor  Lowese Dose Producing Inh ibit ion

“crude ” Ô—H20-LPS >0.6 pg
Capsule no inhibi tion ( >25 pg)
EDTA-LPS no inhib i t ion  ( > 2 5  p g)
“puri f ied” -~-H2O—LPS no inhibition (>25 pg)

Only the “crude ” phenol—water LPS showed inhibition of these sensitized SREC
(>0.6 p g ) .  No inhibi t ion of hemaggluti nat ion cf “ crude ” phenol—water  LPS serns i—
tized SRBC was noted by the “p u r i f i e d ”  phcno1- -~ater LPS , the ED TA—LPS , c: by the
capsule. To test the hypothesis that the “ crude ” phenol—water LPS contained
both LPE and capsular determinants, capsule and “purified” phenol—water LP5
were added together to ~~termine their  oc-obined capacity to inhibit  hemaggluti-
na tion by “crude ” phenol—water LPS s ens i t izec i  SPBC . At a -serum d i lu t i on  1:8 ,
this  combination of ant igens  showed hem-~--iciuticati-n inhibition at 

1 jig ; at 1:10
serum dilution , inhibition was accompiishe:~ at >0. 3 ~c. To determine whether
the EDTA—LPS and the “pur i f i ed” p h e n e l — w at € r  LOS were ider.tical , HAl was per formed
using “purifiecJ ” phenol—water  as the i: oC sensi t iz ing  ar.tigen and the ELTA-ex-
tracted LPS as inh ibi to r .  li1~l was r.otcd at ~0 . 2  pg, suggesting that the two bPS
preparations are anticen icaiT.y 10e:~tica1.

C. Summary of LPS Stud ies

Lipopolysaccharide (LPS) wa~ isoia:c-~ f ro n  the c’ite-r membrane complex of
Bacteroides melaninogenicus by gel chromat:- raphy usine sodium deoxycholate (NaD),
an endotoxin disag~ regating de:ercervt in t i-c e runnir.g b u f f e r .  Reaggreoat i on occurred
after removal of residual ~aD. LPS was atuc orepared by the phenol—water method for
comparison. The LPS ~as composed of loosely-n --und 1~ pid (f’2%) arid carbohydrate ,
with less than 5% protein . Glucose , galactcse , and clucosamine were the major sugars,
as detected by gas—ii cuid chromatography (tLC) . K~~ - and heptose were found to be
absent using calorimetric tests . Fatty  acic i  a n a ly s i s  by gLC discLos’c~ the notable
absence of B—OH myristic acid . Biologic ac tiv ity as measured by dermel Shwartzrnan ,
Limulus lysate, and chick embryo l e t h a l i t y  tes t s  ir -comp arison with LPS from
Salmonella typhi. Hemaaglut inat ion ir.hiJ-- i t i cn  tests  - Ieoo ’cst ra t e d  that the “crude ”
phenol—water LPS contained capsular material in addition to LLS , which was partially
removed by u lt r a c e n tr i f u3a ti on , arid tha t tb: “ pun t led” phenol-water L~ 0 was apparcnt 1y
identical to the EDT~—extract’ ’1 LPS .

- - -  ------- - -- -- - -~~~~~~~~~~~~~~~ - —-— -- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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