
Effect of Haemophilus injlue~rzae Type b 
Lipopolysaccharide on Complement Activation 

and Polymorphonuclear Leukocyte Function 

.~ZRS'I'Hh('l'. I'urificd lipopol!sacch:rridc (1.1's) fro111 
1luerrroplrilu.s irrf1uen;ue tkpc I) (I lib) \+;IS c\arninctl for its 
c;~p;~cit)  to inter;~ct \\it11 I I I I I I I ~ I ~ I  hemolytic cornplenlcnt, 
gerler;itc conrcr\iorl prodtrct\ of ( '3 .  ('4. ;inti f:rctor B. 
stirrlul;ttc ('5a ;~ct i \ i ty ,  ;lnd ;rffect l l u r ~ ~ a r ~  neutrophil cllcnli- 
Inrrlincscencc ;rnd pll;igocjtosis. Su lmone l~a  typhimuriunr 
1,I'S ;~rrd Sulnron~IIu  ntinnc..sotu HI] 1.1's (H345 nlut:~nt) 
were c\arnincd fi)r con1p;rrison. Irlcr~l):~tion of I lit) I .I'S 
with hurn;~n scrunl tlcficicr~t irl y-globulin or with norrn;~l 
Ilurl~arl scrunl containing 1 0  111\1 1.:(;'1'.\ and 7 111\1 \lg<'I: 
reslrltctl i r ~  some depletion of Ilcrnolytic cornplcnlcnt ;rnd 
convcrsior~ of ( '3 to tlegr;rd;~tiorl prodr~cts (dctcmninctl by 
inhil~itiorl of p ;~ss i \ e  1lemol)sis ;~rld clcctropl~orcsis/inlrmr- 
r~of i~; r t ior~,  rc\pccti\ely), intlic;iti~~g t11;il complement ireti- 
\ation occr~rrctl I)! the ;~lternative p;~t l~r tay .  ( 'omplenlc~~t  
activatiorl 1)) Ilil) I,l'S ;mtl S. nrinnesotu Hh 1.1's \!;IS 

sirllil;ir, but signific;ir~tl! less e f f ec t i~e  t h a n  I)! .Y. typhi- 
rnurirrr~r 1.1's ( p  < 0.01). Solul)ili/ctl I l ih  lipid .Z,  but not 
1.1's. ir~tlrrcetl corl\crsiorl protlucts of ('4 in h! pogarnrl1;i- 
glol)ulir~cmic ~ r ~ r r n ,  intlicatir~g :icti\ation of t11c cla\sic:~l 
p;ith\+;ij. Sirnil;lr I c ~ c l \  of ('5;i ;ictivit! were gcncratctl I)! 
irlclrl~;ttior~ of I l ib I .I'S ; ~ n d  S. tryplrirnurium 1.1'5 in h! - 

po~,rrnrn;~glol~~~li~~c~~~ic serurll, ;is dctcrminctl I)? ncutropllil 
s l ~ ; ~ p c  ch;inge and ncr~tropltil ;~ggreg;~tion. I l ib 1.1's dircctl! 
stirnul;~tctl ncutropl~il  cl~cnlilurnirlcsccr~ce, whcrc;rs S. tj>- 
plrirnrrriur~r I ,I'S llad lilt lc effect. I'l~;igoc> tosis of ratliolu- 
I)elcd, opsonizetl Ilil) I)! n e ~ ~ t r o l ~ l ~ i l s  \r;ls diminished I]! .6 
n r i ~ r n ~ s o t u  HI) I.I'S, I l ib I.I'S, or  solrr1)ilizcd I fib lipid \ 
( p  i 0.001 ). l>ut was \IrgIitl) increased bq ,C typhimurium 
1,I'S. Neither tllc oligos;rccll;lridc of I l ib I .I'S or 1 lib 
c;rpslrl;lr p o 1 s c c r i d c  \\.;IS c;~pal)le of interacting nit11 
complement or ;lltcring n c ~ ~ t r o p h i l  chemilnn~incsccnce or 
pl~;~gocytosis.  'l 'hcse results intlic;ltc that in comp;~rison to 
S. typhirnrrviunr I.l'S, Ilil) I.I'S \+;I\ Ic5s cffccti\e at  acti- 
v;iting co r~~p lcmcr~ t ,  l ~ u t  rnorc cfkctivc at impairing pol!- 
rllorpl~onucle;tr Icukoc!tc functiorl (I'cldiutr Kes 22: 650- 
600, 1987) 

I'\IW. pol! rnorpllonuc'lur Ic~~hoc!  tc 
1.ipitl . I -RS. \ .  the lipitl rnoirt! of I lit) 1.1'5 complc\etl to 

I)o\ inc 4crum albu~llin 
I lyS. l~ypog;trnmagloI~~~l i~~erl ic  scrlrnl 
\'l3S, \cron;ll buffc~red \;dine 
S I I S .  normal Ilurn;~n \rrurll 
S l  IS-l.:\l, r1or111;tI IIIIIII;III \ ' ~ L I I I I  cor~t;i ir~ir~g I 0  r11\1 l.:(;'l' \ 

;111tI 7 r11\1 \lg('l: 
I'BS, I)ull)ccco'\ pho\pl~;~t~-I~~rffc~rctI  \ ;~linc cont;iirli~lg 

0 . Z ' i  l)-gluco\c 
I ll3SS-gel. l I ; i ~ ~ k s '  I ) ; I I ; I I I ~ ~ ( I  \;ill \o111tio11 corlt ; t i~~ir~g 0.1'1; 

gcl;~tin. 
( 'I '\l, counts prr  rllinutc 

I l i l >  is tllc c.t~c)log~c. ag~.rlt 01' a \ar-ict! 01' \! {li'nlie. clise~a\'\ 01' 
cliiltlrcn. incl~lding meningiti\. cl~iglotritl\. 1>1ic~urilonia. anti \ey>- 
t~ccmla  ( 1 ). lbl- otlicr gram-~lcgat i \c  l>acti%~-ia. I [ill ha\ all outc\r 
r i ~ c ~ ~ i h r ; ~ ~ i c  cotit:~ining an cnclc>to\ic I I'S. I ' l i c ~  lipid \ e~oiiiliorir~rit 
is similar iri compo\ition arirl h~ologic ac t i \~ t !  lo ~ h c  l11>1d \ ol' 
l ~ ~ ~ i ~ e r o I ~ a c t e r i : ~ ~ ~ c : ~ c  ( 2 ) .  11111 [lie i ~ : ~ ~ ~ l ~ o l ~ ~ t l r : ~ t c ~  ~ i l o i e ~ ~ !  I \  : I I ~  oligo- 
j,l L L  . .I . i ~ r ~ c i c  .. co~lt:~irl i~ig Its\ . ~ - t ~ ~ ~ ~ \ ~ - l ~ - l ~ 1 ~ / l 1 / ! ~ ~ - ~ - c ~ c ~ l ~ l ~ ~ i \ ~ l l l ~ c ~  :ic.icl 
tliarl eritcric I I'S anti no 0 \id<. chain\ ( 3 )  (altlic~i~gli I l i l )  i.lldo- 
to \ in  is actuall> a lil>ooligo\acc~li:~ri(ic. rhC c.on\c.rlt~onaI nomcli- 
clat~ll-c. 1.1's \ \ i l l  he. u\eti in thi\ repor-I) (4). 

I he repcatirig 0 \iilc chain\ 01' cntcl-ic 1.1'5 arc ixl>ahlc~ 01' 
:tcti\ating [he  al1c.1-nati\c. coml>lcnicnt l>atli\\a! ( 5 ) .  I Io\\c\c.~.. 
the. s t r ~ ~ c t i ~ r - e  ol'thc c.arholi!tiratc~. nlo1.c \o rIi:in 1hc. \i/c. I \  c.l-~t~zal 
li)r- eflicient a c t ~ \ a t ~ o ~ i  of' cornl>lcrilcnl ((7-8). Iri lhc a l>\~.n~.c  01' 
s l ~ e ~ ~ i t i c  :~ritiI>ocl!. :~c , t i \ , :~ t io~~ 01' c o ~ ~ ~ p l c ~ ~ ~ i ~ ~ r i ~  I)! t11c. : ~ I t r ~ r ~ ~ i : ~ t i \ i ~  

p:~tIi\\:~! C:III ~-ejuIt  111 I>:~ctcri:il killi~ig ((.51>-0). O ~ > \ O I ~ I / : I ~ I O I ~  

(('3b). ant1 chcmota\i \  2nd acti\ation ol'I ';\l\\ (( ' ; : I )  ( 0 ) .  I lo \ \ -  
c.\cr. the 0 sidc c,liains also I>r'omorc I>actcrial r-c\i.;tanc.c to thi. 
Icthal action of' normal sel.ilm i 10. I I ). to l>ac.~c'r'ii.itlal ~ll.otcin\ 
ol'l 'h~lNs ( I ? ) .  ant1 inhihits c>l~sorli/atiorl and pllagoi.! tohi\ ol'thca 
I1:1ctcr1:1 t>! 1'hl\\ ( 13. 14).  

Ilih 1.1's lachj 0 \ltic ho\\c\c.r. the. ~,ol!~.~l>o\!I~-~l~itol  
1,hos~~Iiatc capsule i>l-otect\ bac.tcr-ia 1.1-0111 tlic i.~elal ac~tlorl 01' 
iiorrnal serum and antisomatic a i i t i l~od~c \  :111d ~ :o~ i ip l cmc~i t  ( I i- 
18).  I>el~letion 01' corn~>lcrncrlt In inlulit !.at> I,! col71.a \cliorn 
li~ctor. cnhanccj  I>ac.te~-eniia anti mcningi t~s  1>! Ilill ( 10). ~nti~c.:rt- 
ing the ~riil,ortancc' of' c~oml,lcmcrit 111 host r-c\istari~~c~ to I I I I >  
inlkction. Intact F I I ~  I \  capal>lc 01' ac t i \a t ins  llic. ~ I ~ L . I . I ~ : I ~ I \ C  
coml>lcnicnt pathn.a! (10)  2nd gcnc.~-ating ( ' 5 2  ac.tl\ it! in litjr-riial 
scr-urn ( 2  1 ). I lie c,oml>oncnt of' I 111) rc\~,ori\iI>lc liir- c.ornl>l~.rnc~~it 
acti\atioli Iias not l>ccn idc~ititied. l>ut doc\ 1101 appear- to l ~ i .  rhc 
c~al,sulc (20 ) .  In  adclitioli. ~ C I - L I I ~  ol,solii/atioli ant1 l>liagcii~!tc~s~\ 
o f ' l l i \ >  \?! I'blXs. r :~t l~cr  tl1;111 \ C I . L I I ~ ~  \>:~i~tc~-ii~icI:~l :ic.ti\ II!. :11>pc*:11-\ 





h al 37" ( ' .  Al'tcl- inculhatiori. tlic rctl I>loocl cell\ \\,ere l i > ~ ~ o t o r i i -  
rally ly\cd. the I'M Ns rc\tor-cd to i so ton~c  c~ondition\. : ~ n d  1.5 
ml ol'I'I3S \va\ adticti. One-llall 'ml ol'eacli su\l,cn\ion \\:is tlicri 
disl,cn\cd in tl-iplicatc to Lrals that contained 0.1 rnl ol' I0 M 
lumiriol (5-amino-3. 3-dili!drox\. 4-plitliali/incdionc: Sigma 
('Iicrnical ('0.. St. I oui\. M O ) .  ( )~~ant i t ;~ t ior l  of' c l i cmi l~~minc \ -  
cencc i l l  tlicsc r i ? i \ t ~ ~ ~ . c s  (liri;ll \ olunic. I . ( I  rnl) \va\ ~,cr-f'oi.mcti in 
:I liquid \cintillatiori countel- (moclcl ( '3415 -I'~-i-('a~-t>: I';ich:r~-tl 
I n s t r ~ ~ r n c n t  ('ompan!.. I)o\vricr\ C;r-o\c. I 1  ) in tlic out ol'coinci- 
dcncc mode. Vallres \vcrc ol,tairictl I'sorn the area untlcr- the c ~ ~ ~ . \ c  
in counts pcs 00 min \vitli 10-mi11 irltcs\ais bet\\cen c o ~ i n t s  (33 ) .  
1)ata were cxpr-c~,cd as the area u n d c ~ -  the c u ~ - \ e  f i ~ r  I'l\l\s 
incubated with 1.1's minus the area i~nt lcr  the cus \ c  iilr I'L'l\;IUr 
i r ic~~hatcd wit11 1'15s. di\ idcd 1,) the area under the c~ i r . \ c  fi~r- 
I'MNs inculxitetl \v~tli 1'13s. timcs 100. 

/'.$/,Jr / l ~ l ~ l , ~ ~ O ~ ~ l ~ / O ~ l \  O/ O/l\O/ll~('(/ //I/! [ 'My  \ 1 1 \ ~ > ~ 1 ~ 5 ~ 0 ~ 1 ~  \ \VSC 

ad j~~s tc t l  lo 10' cclls/ml in Iil 'MI-I040 rncdium ((; ihcol anti 0.4 
rnl ofc t~II \  were inc~rbatcd ~ i t h  1'13s oi- 40 pg ol' 1.1's ill 1'135 li11- 
I ( >  11 in closed 50 x 0 nirii I'ctr-i pl;itc\ (1.alcon. O \na rd .  ( '1)  at 
37" ( '  in a hum~ilificd cllambei- \vitliout s l~ ;~h ing .  a dc\crihcd I>\ 
Ilcndricks (,I (11. (34). Aficl- incul>ation \ \~t I i  PRS or- \ample. 
tlistillccl water- \\,as atltlcd to I'Mh !r~!pcncions to I! sc rcti Idood 
cells anti tlic I'M%\ \\csc I-cstorctl to isotonic condition \\it11 an 
cclual v o l u ~ ~ i c  01' 1.8'; ?Ja('l. 'l.hc I'M\\ t\el-c scdirncntcd :it SO0 
x ,y fi)~- 5 riii~i and  r-c\~~speridccI ill the ol-i~in:~l o l ~ i m c  \\ ith 
1 iI3SS-gel (( ii hco).  I'relirninar-! cul,cr-irncnts \r,cr-c pcr-li)r-rni-cI to 
assc\s tlic cll'cct ol'incuhation ol' 1.1's o n  the viahilit! of' I 'hlSs. 
O n  throe separate occa\ions I'MN\ \vcse incubated ill[- I6 11 \ \ i th 
0. 10. 01- I00 pg 01' I .I'S csactl) :I{ tic\crihccl abo\.c. l'oIlo\\ctl 11) 

Il-yl~an hluc cxclu\ion. Viallilit) ol 'contsol cell\ :inti cells Inclr- 
bated with I0 or  I00 fig ol'I.I'S \ \as 05'% i 3 ' ; .  i'liagoc~!tosis of' 
opsorii/c(l I l i l ~  I > )  inc~rh:~tctl control cell\ \vas 10.5 2 0.7'' 
'I'II~I-ctOrc. tlic c;~l>;ll,ilit> of' incl~I>;~tcd I'MY\ to ~>hagoc!ti/c 
opsoni/cd l l i l >  in ~ L I I -  arsa! \\:is identical to tIi:~t ~ ~ ~ . c \ i o ~ l s l !  
r.cpostcci li)r li-c\ii I'MNs (27).  

I 1  itrl/~~cvi;c/c~ t! pc 1, \\a\ g~-o\ \  n o\crniglit in 131-1 I-XL' coiitain- 
ing I0 '11-tll!midinc/ml (Ye\\  I:rigl;~rid Nuclca~-.  I3o\ton. 
MA. s[,ccific acti\ i t )  77.3 ('i/mriiol) as psc\ iou\l! dcscl-ii~cd (77 ) .  
'l'lic b;lctcria \\#cr-c ad,justcd to 10" c o l o n  forming ~lnit\/riil. 
washcd thri'c time\ in 1'13s ( IO.000 X :. l'or- I0 rnin). s e \ ~ ~ \ p c n d c d  
in 1'13S. and opsoni/cd I,! itleuhation in pooled. heat-~nacti\ :~tcd 
N l l S  ( I : [ .  \ol/ \ .ol)  ~ i ) r  45 min at 37" ( '  wit11 sl?:~hitig. I'lic 
o~~son i / c t I  I~;~ctcl-i ;~ \+CI-C w;~\Iicd 1111-cc t i  riles in I'RS. rcsu\pcndcd 
in the or ig~nal  ~ o l u r n c  with 1113SS-gel. and held o n  ice until 
ncctlctl ( < I  h ) .  ' J  hc Y I IS 115cd l iv  pliagoc! tosi5 ol' I l i l ,  Iiad a n  
ant i t~ody titer ol' I :5 l 3 to I l i t ,  capsule. dctcsmincd I,\ en/! me 
i r 7 1 r ~ i  L I I ~ ~ ; I S S : I J ,  (.3i). 

Opsoni/cd I>actcria (0. I ml )  ucl-c added to 0.25 rnl of' I'JIUs 
at :I l i n ~ ~ l  ratio 01' 8O:l in 1.5-mI n1icrolligc t~rl7c~s (Re1 !11-t 
I'r-oducts. I 'ccl~~annock. \.I) :tnd gcntl> tumbled fi)r 30 min at 
37" ('. I 'hc  I'MN\ wcr-c \va\l~cd thscc t i r ~ i c  in I IRSS-gel at 150 
X fix j n i i~ i  and  the inGtie ol'Illc tube was wiped dl-! fi)llo\\.ing 
the lasl wa\li. 1l;~ctcr-ial up(akc was difl'crcntlatai kom acilicr-cnce 
by inc~rlxttion ol'control I'M Ns \\it11 bacteria at  0" ('. I nc~~l>at ior i  
of' pliagocytic cell\ \\it11 Salmonella at 4" ( '  (11. Ic\\ Iiai I~ccn  
doc~rn~cntccl  to inli~hit  ~>liagoc!to\i\ (8). I:\pcrimcnts in ~ I L I ~  

lal>oratory \liowcd that inct~l,ation of'opsoni/cd I-lib \vith PV Ns 
for 20 niin at  37" ( '  rcsultcd in about I I'o associat~on ol't>actcr-la 
with I'MN\. wlicscas incubation at  0" (' rcsultcti in less than 3'1 
:rssociation aftcr- washing. I lie cell\ were r-cs~~spcndcd in 0 .3 i  ml 
of'P13S and adtlcd to  I0  ml ol'Scinti Verse I 1  scint~llation cocktail 
(I.'islic~-. I louston. I'X) and co i~n tcd  in a liqi~irl scintillation 
counter.  I:or- c:~cli \cries ol'cx~,c~.imcnts. the percentage of'~11)take 
o f  '1 1-1 lib hy ncutl-opliil\ \\.a\ dctcrmincd fiom the r;it~o ot'('l'M 
of'wa\hctl ncutropliils cxpo\cd to opsoni/ctl bactcr-ia to the ('I'M 
of'thc total n u m h c ~ -  ofopsoni /ed  bacteria cxposeti to iicutrophils 
x 100. I'hc ('I'M of'I'MN\ incut,atcd with 'I-I-llih at 0" (' \vas 
subtracted li-om the ('I'M ol' trc;~tcd and ~intscatcd I'M S s  incti- 
hated with 'I 1-1 lih at  37°C'. 

.Slo/i.\/~c~.c Signific;~ncc M.:IS dctcrriiirled using the 1,aiscd Stu- 

1 1 ~ 1 1 1 1  I /  ( t ~ / t i ~ t / - t / ~ i / /  i t 1 1 1  I Iic c,al~aI?ilit! 
ol' I l ih 1.1's. .Y i~.i)/iiiiiiii-iiii)i 1.I'S. o r  .S i ) i i t i / i c ~ \ o / i c  lil> I I'S to 
inte~.acl \\it11 complc.~iicnt in tile a lxc~ icc  01' aritil>o~l! I \  \ lio\\n 
in 1-iguse I .  I he i~oiiccnt~-ntron 01' .S / i~ / i / i i~ t i~ i i i i o~ i  I I'S r.cqurrcd 
to i r i l i i l ~ i t  50'1 of t l ie  Iicii1t)l!tic :lvti\it! oI ' I I -~S \\:I\ 5 b i ~ / O . l  1111. 

In contr-a\[. neitl~ci- I l l 1 1  1 1% or. .S i i i i i i t ~ c ~ \ c i i i i  1<l1 I I'S ca l~s i~t l  
'0'; inliit>ition o f  Iicmol>!i\ at an! i.onccrit~.atic,n tc\tccl. \ I  4i 
iig/O. I mf f Iih I PS inliihitcti Icjs t l ia~i  -Is', of' rlic Iic~iiol! tic, 
acti\ rt! of I I? S ('oiic.cntr-ation\ of' an! 1 I'S of 'morc tliari 4i ji;:/ 
0 .  1 ml ol' serum tiit1 not inci-case inliil~ition ol' hc~iiol!\i\ (tiata 
iiot s l io \ \n) .  I lih I I'S \\:I\ ioiiic\\Iiat rnorcXai.ti\c tliari Sa l~ i ion i~ l l :~  

1.I'S. I)ut sigriiiic~:i~itl! lc\\ :icti\c tIi;111 .S 1ip11it1111t111tii I I'S 
; i t  all conccntratioii\ tcstccl i I! < 0.0 I ) .  In c \ l>c~- imcnt \  not \lie\\ 11. 
5iniil;tr dilii.scncc\ in riiliib~tion 0 1 '  hc~nol!\is \\cI-L, \ccri \\lii.n 
cacli I .I'S \ \a \  ~nc.~lhat~.ci \\ it11 31-IS-l.'hl filllo\\ crl b! ilii.utlatio~i 
ol' the serum \\ itli r;il~I>it cr) ~ I I I . O C !  tc\. \\ hich arc tlc~ficit~rit ill 

sialic acid and :~c t i \ a t c  the alti.1-n:iti\c% c.ornplc~mznt patli\\.a! 
cii~-cctI! ( 2 8 ) .  i licrcrorc. :~ltlio~igli .S I I ~ / ~ / I I ) ~ ~ / I I . I / I I I ~  1 1's ( ~ ~ o n t : ~ i ~ i -  
ing 0 sidc chains) intc.1-acted \\it11 riio\t ol ' rhi~ a\ail:~t>ic. lii~~iiol\tic. 
compleme~i t .  f l ih I I'S (lackirlg 0 side i.liairis) alsc) Iiatl so~ i i c  
anticornplc!nc~~it:~i-! ac.ti\it). hut onl! at rclati\cl! l i i ~ l i  I 1's 
concentrations. Inliihitioii of' coii i~~lcri ient-1i icc1i:1tctl  I i i~n io l>s~ \  
I?! 1.1's i ~ i  NkIS-F'bl ~n t i~ca lc t i  that complcmcnt :lc.ti\a~io~i \ \ a \  
b! the alter-nati\c. patIi\\.a! 

c'/!'Ol'(/,y!' O/ (O/)i/J/~'t~l!'/l/ / l ) ' ~~ / l ' l t l~  / ] I '  I./'.\ ( ~ i l ~ l l l ~ ~ ~ ; l ~ ~ \ i '  I l lC:l \-  

ur-cmcnt of con\crsion product\ of '( '3.  ( '4 .  and 1':ictol. 13 \ \ i> l . iT  

made I?! e l c c t ~ o p I i o i - ~ s ~ \  of' :~ct i \  atcd \cr-uni. li)llo\\i~tl I>! i1iinil1- 
~ i o f i s a t ~ o n  anti ticrisitomct~-! I'lic c.al>atlilit! of' e x . 1 1  I I'S to 
9crlcr.atc con\er \ lon [,rocilictr (11' ( ' 3  i \  slio\\ n iri  l'igi~si' 7 .  I Icli- 
sitomctr-ic scanning ol' ilricti. s~ainct i  gel\ ~>ro\idccl t l ~ i a n t ~ t a ~ i \ c  
mcasur-cnient 01' ( '3 'on.ii~r.sioii pr-otluct< I,! \ a i - io t~ \  i.ar-l-roli!. 
dr-;:to.; or- 1.1'11s i ~ i  YIIS. SIIS-l: i \ l .  01- I1?S ( 1 ahlc I ) .  1 '11~ .  
capsular ~>ol~saccliari t ic of'llili ariti the 1ipitl-fi.c~c~ oligcfiaccliar.itii. 

LPS (pg 10.1 ml HyS) 
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Fig. 2. lmmunofixation of C3 conversion products following treat- 
ment of H r S  serum with LPS. VBS or LPS was incubated in H-/S for 1 
h at 37" C. The serum was then electrophoresed in 1% agarose and 
incubated with anti-C3 serum. The gel was washed, dried, and stained 
with Coomassie Brilliant Blue R250. Lanes and serum treatment: I, 
VBS; 2, 100 g / m l  Hib LPS; 3, 100 pg/ml S. typhrrnur~um LPS; 4, 100 
pg/ml Salmonella Rb LPS. 

Table 1. Conversion ofC3 l o  d~xrudation producf.~ in .sprmm hv 
LPS or carbohydrates 

Percent conversion of C3 to degradation 
products* 

Sample NHS NHS + 10 mM EGTA-Mg++ H-yS 

Verona1 buffered saline < I  < 1 < 1 
Capsular polysaccha- < I  t 1 < 1 

ride ( 100 pg/ml) 
Hib (Eag) lipid-free oli- < 1 < I <I 

gosaccharide ( 100 
mi) 

Hib (Eag) LPS (100 41 f 2.9 36 4 4.0 38 -C 1.5 
ws/ml) 

S. minnesota Rb LPS NDT ND 40 k 1.9 
( 100 pg/ml) 

S. ty~~himtirium LPS 66 k 1.4 56 + 1.3 55 k 1.5 
(100 ~ g / m l )  

* Percent conversion was determined by densitometry of dried, stained 
gels following electrophoresis and immunofixation. 

t Not determined. 

derived from Hib LPS did not cleave C3 in any serum used, 
whereas each intact LPS cleaved C3 in all sera tested. There was 
not a significant difference in the quantity of C3 conversion 
products formed in serum with only alternative pathway activity 
(NHS-EM) or in serum with classical and alternative pathway 
activity (NHS). However, significantly greater amounts of C3 

conversion products were formed by S. typhimurium LPS com- 
pared with Hib LPS ( p  < 0.01 in NHS), whereas the amount of 
C3 conversion products generated by Hib LPS and S. minnesota 
Rb LPS was similar. 

Lipid A from Hib Eag solubilized with bovine serum albumin 
cleaved most of the C4 present in HyS (Table 2), indicating Hib 
lipid A activated the classical pathway, as does enteric lipid A ( 5 ,  
25). Each intact LPS failed to generate any detectable level of C4 
conversion products, but did generate conversion products of 
factor B, a component of only the alternative pathway (Table 2). 
Therefore, the carbohydrate moieties of both rough and smooth 
LPSs apparently blocked activation of the classical pathway by 
lipid A. 

Generation of C5a activity was assayed by alteration of PMN 
bipolar morphology or aggregation after incubation of HyS with 
Hib LPS or S. typhimurium LPS. Preliminary experiments dem- 
onstrated that when the concentration of Hib LPS was increased 
from 0. I to 6 pg/0.2 rnl, the percent of PMNs undergoing bipolar 
shape change increased linearly in a manner similar to that seen 
with increasing CSa concentration (30). This effect was not due 
to a direct effect of LPS on the PMNs because the percent change 
in bipolar morphology of control PMNs incubated with LPS and 
heat-inactivated serum (56" C for 30 min) remained constant; 
percent shape change in these controls was similar to control 
PMNs incubated with fresh serum without LPS. Serum incu- 
bated with either Hib LPS or S. lyphimurium LPS induced a 
similar increase in the percentage of PMNs that underwent shape 
change (Fig. 3). Incubation of fresh HyS with anti-C5 serum, 
after incubation with either S. typhimurium LPS or Hib LPS, 
reduced activity nearly to that of HyS incubated with buffer 
only, indicating the change in PMN morphology was most likely 
associated with generation of CSa. In experiments not shown 
herein, HyS incubated with Hib LPS or S. typhimurium LPS 
could also induce PMN aggregation, another method for deter- 
mination of C5a activity (31, 32). As for alteration in bipolar 
morphology, serum incubated with Hib LPS or S. typhimurium 
LPS did not differ in capacity to induce PMN aggregation. 

effkct of LPS on PMN chemiluminescence. In preliminary 
experiments, 106 PMNs were incubated with 1,  10, or 100 pg of 
Hib LPS or S. typhi~nurium LPS for 1, 4, or 16 h, followed by 
measurement of the chemiluminescence response in the presence 
of luminol. The optimal incubation time was 4 or 16 h, although 
a response occurred after at least 1 h; 4 h was used for additional 
experiments. One or 10 pg of either Hib LPS or S. typhimurium 
LPS had no significant effect on PMN chemiluminescence (p  > 
0.05), whereas 100 pg of Hib LPS-but not S. typhimurium 
LPS-significantly increased chemiluminescence compared with 
control PMNs incubated with PBS ( p  < 0.00 1) (Table 3). There- 
fore, Hib LPS was capable of directly stimulating a PMN meta- 
bolic burst, whereas S. typhimurium LPS did not. 

Elrect of LPS on PMN phugocytosis. Neutrophils (1 07/rnl) 
were pretreated with Hib LPS (I00 pg/ml) or buffer (RPMI- 1640 
medium) and incubated with opsonized, 3H-labeled Hib at 37 or 
0" C for 5, 10, or 20 min; CPM of PMNs incubated with 'H-Hib 
ar 0" C was subtracted from CPM of treated or untreated PMNs 
incubated with Hib at 37" C to differentiate adherence from 
uptake. Phagocytosis of opsonized Hib by PMNs pretreated with 
buffer was 10-1 1%, which is identical to the extent of uptake 
previously reported for this bacterium at this bacterium:PMN 
ratio (27). There was a significant ( p  < 0.001) decrease in the 
rate of phagocytosis of opsonized Hib by PMNs pretreated with 
Hib LPS in comparison to controls incubated with buffer, and 
the decrease was linear with respect to time of incubation (Fig. 
4). Therefore, incubation of human PMNs with Hib LPS was 
detrimental to PMN phagocytic activity for opsonized Hib. 

Comparative analysis of each compound's effect on PMN 
phagocytosis is shown in Figure 5. In comparison with buffer, 
Hib LPS significantly decreased PMN phagocytosis of opsonized 
Hib ( p  < 0.001), whereas S. typhimurium LPS moderately 
increased phagocytosis ( p  > 0.05). S. minnesota Rb LPS and the 
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-- 
Table 2 C'/CU\,(I~~' o/ (-4 or~(/ /(I( lot fl /I\ LPS ot 11111 /I[)/(/ 1 in l f y S  

% con~crslon ol Cc con~crc~on of 
Sample C4 to degradat~on products* f,~ctor B to dcgradat~on products* 

- - 

Vcronal buflcrcd saline < 1 <I 
Hib (Eag) LPS + 12PS antibody 27 + 1.7 N D t  
Hih (Eag) lipid A-USAS (100 gg/ml) 83 & 1.5 N D  
Hip (Eag) 1,PS (100 pg/rnI) <I 15 + 1.7 
S. ~ninncsotc~ R345 IPS (100 &ml) <I 12? 7.1 
S. l~y>hirn~rrilr~n LPS ( 100 pg/mI) 
-- - 

<I 
- - -  ~- -~ - - 

33 + 1.5 

* Percent conversion was determined by dcnsitomctry of dried. stained gels following electrophoresis and irnmunofixation. 
-t Not dctcrmincd. 
$ I'rcc lipid A was solubili~ed with I pI of triethylamine/ml of lipid A (2 pg/ml). mixed with 2 @ g / n ~ l  of RSA. and the lipid A-RSA were complcsed 

by lyophilization. 

100 r Table 3. PMN i ~ l ~ i ~ r ~ i i / ~ r ~ ~ ~ / n c . ~ i ~ i ~ t i c i ~  111 riJ.vnotlsiJ to Ilih I,I?S or. S. 
/jj7/rir?1io.irlr?i 1~1>~+ 

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

Concentration ( & / I  0" 
I'MNs) 

~ -~ 

LPS 10 100 
r' ' 
/C Increase in 

- -  -~ - 
chernilurnincsccnce-I- 

- -- -~ ~- 

I 1  i~?/l~rorzclc, b (Eag) 18 t 10.4 08 + 10.6 
.S. ~ ~ p l ~ i ~ ~ i ~ r r i r r ~ ) ~  27 t 10.5 

- -- - 
13 + 11.5 

* LPS (10 or 100 , I I ~  In PUS) or PBS only was incubated with 10'' 
PMNs for 4 h at 37" C. The red blood cells wcrc lyscd in distilled water 
to avoid quenching. and the PMNs isotonically restored and diluted in 
PBS. Luminol was added and the total counts per 60 min dctcrmincd. 
Valucs are expressed as the percent increase in chcrniluniincsccncc by 
PMNs incubated wlth LPS rclat~vc to PMNs incubated with PRS. 

-1 Values represent the mean of at least thrcc cxpcrinients perfbl-med 
in triplicate + SEM. 

DISCUSSION 

Functional complement activity is essential Ibr host resistance 
to Hib infections ( I  9). Hib has been reported capable of ,I -1' c Ivat- 
ing the alternative complement pathway (20). However. anticap- 
sular antibody is required for bactericidal activity in normal 
serum (37, 38); antisomatic antibodies to Hib d o  not : I c t' lvate 
complement-mediated bactericidal activity by the alternative 
pathway (37). There is evidence that the most critical complc- 

Hib Eag S. typhimurium VBS 
L PS LPS 

Fig. 3. Change in bipolar morphology of PMNs following incubation 
of FITS with LPS. Purified 1,PS from Hib Eag or S. l)plrirnrrri~rrn (5 pg) 
was incubated with untreated (no lines) or heat-inactivated (.single 
.slu.shccl 1inc.s) llyS for 1 11 at 37" C bcfbrc incubation of serum with 
PMNs. Anti-C5 serum was incubatcd with fresh HrS (cro.s.c-lrcriclr 1inc.s). 
at 37" C for 30 min immediately following incubation with LPS. VUS 
was used as dilucnt and to control for nonspecific activity of HrS. 
V~rtic.cr1 hor,s represent the SEM of thrcc dctcrminations. 

solubilized lipid moiety of Hib LPS also decreased phagocytosis 
to a level similar to that induced by Hib LPS. Preincubation of 
PMNs with I-lib lipid-free oligosaccharide or capsular polysac- 
charidc prior to incubation with opsonizcd. 'H-Hib. however. 
did not enhance or diminish PMN phagocytosis (data not 
shown). Therefore, the lipid moiety of Hib LPS had a detrimental 
effect on PMN phagocytosis, and its activity was not substantially 
blocked by the oligosaccharide moiety. Similarly. the oligosac- 
charidc of Salmonella R b  LAPS did not influence the effect of 
lipid A on PMN phagocytosis, whereas the high molecular weight 
polysaccharidc of S. ~jp/li~?ilrrilon LPS did appear to exert a 
moderating effect. 

&lent-mediated event in host resistance to Hib infection is op- 
sonization and phagocytosis by PMNs. rather than bactericidal 
antibody (22. 23). Therefore. study of the interaction of purified 
Hib components with coniplement may aid in ~~nderstunding 
the pathogenesis of Hib disease. Hib LPS is a biologic;~lly active 
endotoxin (2). however. the interaction of purified Hib LPS with 
host defense systems has not previously becn rcportcd. We 
examined the capability of Hib LPS to interact with Iiurnan 
PMNs in comparison to S. r!r1h;n7llriri1)7 LPS and Salmonella 
Rb LPS. Since the physical and chemical propel-tics of LPS may 
influence their biologic activity. Hib Eag LPS was used because 
it has been characterized more extensively than any other Hib 
LPS (2. 3). Furthermore. Rb LPS from Salmonella R345 was 
used for comparison because the molecular weight and solubility 
of the R b  LPS was similar to that of Hib Eag LPS (3) (Inzana T. 
unpublished data). and because the interaction of rough and 
smooth Salmonella LPS for complement and PMNs has becn 
characterized (5. 26. 39-4 I). 

Activation of the alternative complcment pathway has been 
shown to be a function of the 0 side chain repeating units of LPS 
( 5 ) .  Therefore. as expected. S. tj~1/1ir?7lrriro11 LPS was highly active 
in interacting with complement. The concentration of S. 1jp11i- 
)77z[ri11111 LPS required for 50% inhibition of complemcnt-me- 
diated hemolysis in our study was similar to that reported by 
Galanos and coworkers (26. 39). Salmonella Rb LPS has previ- 



664 INZANA ET AL 

I I 

5 10 15 20 

Time (m id  

Fig. 4. Effect of Hib LPS on kinetics of PMN phagocytosis of opson- 
ized Hib. LPS (40 pg) or PBS was incubated with 4 x 106 PMNs for 16 
h at 37" C in 5 %  C02. The red blood cells werc lysed and the washed 
PMNs were incubated with opsonized, radiolabeled Hib (1:80) at 37 or 
0" C for 5, 10, or 20 min. The PMNs were washed three timcs and the 
percent uptake of radiolabeled bacteria by PMNs was determined by 
liquid scintillation counting relative to total bacterial counts. The CPM 
of PMNs incubated with 'H-Hib at 0" C was subtracted from the CPM 
of PMNs incubated with 'H-Hib at 37" C, and the percent uptake of Hib 
was determined. Values are expressed as the percent uptake of 'H-Hib 
by PMNs treated with LPS relative to control PMNs incubated with 
PBS. The vertical bars represent the SEM of three determinations. 

ously been shown to be a poor activator of the complement 
system (26, 39), which was confirmed by our results. Hib LPS 
was capable of initiating activation of the alternative complement 
pathway, but only at  relatively high concentrations. In addition 
to consumption of hemolytic complement, each LPS generated 
conversion products of C3 and factor B in sera with only alter- 
native complement pathway activity. As for inhibition of com- 
plement consumption, however, immunofixation indicated that 
S. typhimurium LPS was significantly more active than Hib LPS 
or Salmonella Rb LPS. Although immunofixation cannot be 
used to quantitate generation of C3b, the technique is highly 
efficient and easily interpreted. When combined with scanning 
densitometry, immunofixation provides accurate quantitative 
measurement of complement activation and conversion to deg- 
radation products (42). However, C3d and other low molecular 
weight conversion products may not be detected by the assay. 
Failure of bacteria to  efficiently activate complement results in 
poor opsonophagocytosis and may thereby enhance virulence 
(43). In addition, although 0 side chains activate complement 
they also provide the bacterium protection against the bacteri- 
cidal activity of serum (10, 11). Hib LPS lacks 0 side chains (3), 
however, the capsule provides protection to Hib against the 
bactericidal activity of antisomatic antibodies and complement 
(1 6- 18). Therefore, the combination of a protective capsule and 
an LPS that is a poor activator of complement may act together 
to  enhance bacterial resistance to  host defense mechanisms. 

Hib lipid A was shown to be capable of activating the classical 

S.t. S.m. Hib Hib 
LPS Rb Eag Eag 

LPS LPS Lipid A 

Fig. 5 .  Effect of LPS or Hib lipid A on PMN phagocytosis. PMNs 
were pretreated with each LPS or solubilized lipid A (40 pg), or PBS, as 
described in Figure 4, and incubated with radiolabeled, opsonized Hib 
for 20 rnin at 37 or at 0" C. The PMNs were washed and assayed as 
described in Figure 4. Verf~cal bar.5 represent the SEM of four determi- 
nations. 

complement pathway, but only after the carbohydrate moiety 
was removed and the lipid complexed to bovine serum albumin. 
These results are identical to those reported by Galanos et ul. 
(25) for enteric lipid A. Studies have shown that even a relatively 
small amount of carbohydrate can block the activation of C l  by 
lipid A (44). Therefore, it would be unlikely that activation of 
the classical complement pathway by Hib lipid A would occur 
in vivo. 

lntact Hib has previously been shown to be capable of gener- 
ating C5a in serum, but the somatic components responsible 
were not identified (21). C5a is chemotactic for PMNs and 
activates them, resulting in aggregation and changes in their 
bipolar morphology (30-32). These assays were selected because 
they directly measure the functional activity of CSa, which was 
more relevant to  these studies than immunochemical quantita- 
tion. Inhibition of change in bipolar morphology with anti-C5 
serum or heated H r S  further indicated that changes in bipolar 
morphology were due to C5a. Endotoxins have been reported to 
generate C5a activity (41) and therefore it was not unexpected 
to find that Hib LPS could generate CSa activity. Of interest was 
that C5a activity in serum incubated with Hib LPS was as great 
as that of serum incubated with S. typhimurium LPS. We found 
PMN shape change to be a very sensitive assay for C5a activity. 
Since nanogram quantities of either LPS incubated in serum 
could induce PMN shape change, only small amounts of C5a 
may need to be generated to  demonstrate activity in this assay. 

Generation of C5a by bacterial components would normally 
operate as a defense mechanism against the bacteria by attracting 
PMNs to the site of infection. Bacterial components that interfere 
with clearance or killing of bacteria by PMNs, however, may be 
important virulence factors. The effect of Enterobacteriaceae 



I P S  o n  I'MN l'trnctiori has been well \tudicd and rccentl> I-c- I < I  1 1  111 \ (  I s 
viewed (41). W c  cxan~ incd  the direct clli'ct of'l-lib 1.1's on I'MN 
function. as dctcrrninccl 174 mcasur-crncnt of'chcmilur71incscc11cc 
and phagocytosis. f l ih  I.I'S, l>ut not .5'. / ,~ ; r~ / / i / , i l~~- i i~ i r l  I 1's. could 
directly stiniul:rtc chcniilumirlcsccncc b> human  PMNs. In ud- 
dition. l lib 1,I'S significantly dccrcascti the capabilit! 01' P M S s  
to ingest o p s o n i ~ c d  fIib. Salmonella Kb I.PS and flil) lil~iti A 
also diminished I'MN phagocytosis. v.,Iicrcas the ca l~sular  pol!- 
saccliaridc and the lipid-fi-cc oligosaccharidc of' I~Iih 1.1's had n o  
c lkc t .  'I'her-cfor-c. the lipid A of f~l ib  would appear- to be tlic 
component  responsible for the detrimental clli'ct ol'l .PS o n  I'M\ 
phagocytosi.;. ,\'. /~ ; r ) /~i / , r i r t . i~~t? i  I.I'S, in contrast. had a slight 
stirnulatory cfkct  o n  I'MN phagocytosis. 'l'hcsc results are con- 
sisterit with those rcportcti hy flcndricks and coworkers (34. 45). 
who compared th cfkct  of  I:'\c~/ic,r~i~//i(i c.011 .I5 I.PS to that ol'thc 
smooth parent. I:. c,o/i 0 l 1 1:134. 1:'. i,oll J 5  1,PS. but not 0 I I I :B4 
I.PS, diminished I'MN 111iagocytosis and clicrnotaxis. and di- 
rectly stimulated P M N s  in chcmilumir~csccncc studies. 'l'lic lipid 
A was dctcrrnincd to  be the active moiety and the dctr-imcntal 
ell'cct of the 1.1's could be prcvcntcd bk scavenger-s 01' o\!gcn 
radicals. 'l'hc author5 131-cscntcd evidence that generation ol'ox!.- 
gcn radicals, thr-ougli 5tirnulation ol'tlic PMNs  13) lipid A. \ \as  
toxic for the pliagocytic cells and inhibited their antihactcl-121 
functions. 'l'hc largc amoun t  ol'carbohydratc prcscnt o n  I .  c.1111 
0 1 1 I :R4 1.1's appcarcd to hlock the acti\.ity of the lipid /I on 
PMNs, but the core oligosaccharidc 01' I;. c.011 J 5  1.PS did not. 
Ilntcrobactcriaccac lipid A has been slio\vn to bind to rcccptor 
sites o n  I'MNs and tlierchy inllucncc f'MN function (40) .  It is 
conccivablc that a largc polysaccharitic. but not an  olrgosacchar-- 
idc, can block the binding 01' lipid A to the rcccptor sites o n  
I'MNs. .l'lic antigenic (40)  and 1,iologic ( 2 )  sirnilarit! ol'llil> lipid 
A to cntcric lipid A would 5uggcst the s;~riic nicclianisrn of'action 
is rcsponsiblc k ) ~ -  afkct ing I'MN l'unction by Hib lipid !I. and 
that thc oligosaccha~~idc docs riot block this activit!. 

I lib I ,PS has been s l ioun not be microhetcrogcnous in rcsl,cct 
to molccular weight (47) .  'l'his variation in molccular- weight 
(and pr-obably strirct~~r-c) may pla) :I partial role in inllucncing 
the relative vir~rlcncc ol ' somc I l i l ?  strains. Zwalilcn (,I (11. (48) 
showed that whcn a virulent strain of' I-lib was transfi~rrncd uitli 
a I0  kilobasc-pair fi.agmcnt 01' I l ih  IINA. tlic tr-anslbr-munt 
dcvcloped :I lower molccular ~ ~ c i g l i t  I.I'S. ;in :~ltc~-;~tiori i r i  orlc 
outcr membrane 131-otcin, and l,ccamc scr-urn-sensiti~e oi 1.11t.o 
and avir~rlcnt in rat\: thcr-c was n o  clla~lge in cal,sula~- polhsac- 
charidc contcnt.  Kimura  and I ianscn (40)  isolatctl two strarris of 
IHib tliat I':~iled to react with two monoclonal antihodics rcacti \e 
with all otllcr- strains tested and Lverc less \.irulcnl than other 1 l i t ,  
strains f i r  inf'ant rats. I5ogcriic ~ a r i a n t s  mcrc isolated that reacted 
with the monoclonal antibodies and that wcrc virulent in rats. 
'Thcrc was n o  change in the content of'capsular 1~01ysaccIia1-icIc 
or  i r i  thc o u t c ~ -  ~nc rnhrane  PI-otcin profile, but the I.PS ol'cach 
variant was of' higher- molccular- weight than the I .PS of' the 
parent str-aim. 'l'hcsc I - c s ~ ~ l t s  indicated a n  altcratron in the struc- 
ture or  molecular- weight of the 1.1's appcarcd to play 5omc role 
i n  incr-casing the \ i~-ulcncc of' f lib. 1:urthcr-more. (;rossman and 
I.cvic ((I) and 1,iang-'1'ak;tsaki (,I (11. (7. 8) have shown that 1i)r 
Salmonella 1.1's the str-~1c1ur.c 01' thc 0 side chains 15 mor-c 
important t1i;ln length in regalxi to complement activatron and 
gcncratiorl ol'ol?sonic ('3b. 111 rcg:~rd to I-lib. d ~ l T c r ~ n t  <trains 
with structural difkrcnccs in their- 1.1's may interact \\it11 con)- 
plcmcnt arid a l k c t  I'MN l'unction\ difli.rcntly. which In tur.11 
may inllucncc tlic virulence of ' indi\id~ral strains. 
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