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ABSTRACT 

Histophflus somni (Ho.emophilus somnus) is an obligate inhabittl11t oj the mucosa:! 

surfOC€S of boufne and sheep and an opportunlsl:ic pathogen resJX>rtsible for respfroiory 

dtsease. meningoencephaW1s. myocwditis. a.rthritls, and other systemic lrifecttcms. At" 

though exopolysaccharides (EPS) are a large component of bacterial biOJilms. their con­

tribution to biDfrlm structure andjunction has been exam!.ned Jor only a few oryanis/Tls, 

Here, we undertook a genetic appr{)(I(:h to exwrUne the potential. role of EPS of H,somnl 

2336 in oo.fi1m jorJ'11D.tion. We conducted a tran..'i[JOsvn random gene knockOiU to 
study the genetic }imction of biojUm and EPS, A total oj 96 real random transposon Inu· 
tants were generated of H.svmnl 2336 using the EZ::1"J'VTM <KAN-2>Tnp Transpo­

svme™, These mutants were conjtrmed by coforty blot and PCR of kanamycIn rests· 

tunce gene. 25 ;r1utarlts were coJ1llmted to make less b(qfdm than the wild type stram 

(-30"80J6 decrease) By creation of mutation,', in the gene encodtngfor a homolog of jUa· 

mentous haemagglutinm (FHA). predicted to be moolued in attachment in biDjilm pro· 

cess. We concluded that thIS gene might also playa role in EPS productiOn artd that 

EPS might be requiredfor cellular at:/:ochmen! to abiDtic surfaces, 
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INTRODUCTION 
Hlstophllus somnl (Haemophilus somnusl 

Is a Gram-negative coecobaclUus and member 
of the PasteureHaccae (Angen et aI., 2003), 

This host speclfle opponunlStIc pathogen of 
cattie ts one of the organisms responsible for 
bovine respiratory disease complex IBRDe), or 
shipping fever (Corbell et aI,. 19(6), In addi­
tion to pneumonia (Miller et ai" 1983, An~ 
drews et 81 .• 1965). H.somru can cause me­
ningoeIlcephaHtis, myocarditis, arthrltls. 

sepUcemia, and other syslemic infections 

(Corbeil et aI.. 1986. IDzalla and Corbea 

2004), H, sumnt expresses a Wide array of V1r~ 

ulence factors, includIng phase variation of Ii· 
poollgosacchartde epttopes (luzana et al .. 

1992. Howard et aI.. 2000. mUJ:'la et al., 
2002), decoration of lIpoollgosaccharlde with 

sIalic acid and phosphoryklloline (Howard et 
al .• 2000. lJ:tzana et al.. 2002. Slddantmppa 
_<1 lnzaDa, 20(4). expression of htgh­

molecular-weight immunoglobulln~ binding 
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proteins (CorbeiJ et a1.. 1985. Widders et 
aJ .• 1989 Corbeil et aI •• 1997, Sanders et 
at,. 2003), intracellular survival tn profession­

al phagncytes (Czuprynskl and Hamllton. 
1985, Lederer et at., 198?}, inhibItion of the 

oxidative burst of phagocytic cells (Howard et 

at,. 2004), cell adherence (Corbell et aI •• 

1996], serum resistance {COrbell et at .• 
19S5} and induction of apoptosts to endothe­

Ua! cells (Sylt", et at., 2005). 

BtofiJm.>; are sessile eommun1Ues of bacteri­

al eells enclosed tn a self-produced extracellu­
lar polysaccharide matrix and adherent to a 

biotic -or abiotic surface. Blolli.rn.s play an lm~ 

portant role In immune evasion and toierance 

toward antimierobJal agents. leading to persis--­

tent and chronic infections (C08terton et at .• 
1999. Ha11·Stood1ey et aJ •• 2004). 

A capsule has not been Identified on lhe 

surface of H.somnL However. the production 
of an p..xopolysaceharide WdS descrihed (In:r;a~ 

na aDd Corl>eU 2004) whieh Is a common 

eomponent of baeterl~1 biofUms. The fum:­

tions of EPS in blofitm formaUon are not yct 

dear. but it appears to promote surfaee at" 

tachment and providc structural support {Da­

vies et al. 1993). It may also afford protec­
tion from external threats. such a:;, 

antimicrobial compounds and predatory or" 
ganlsms (Stewart 2002), or help secreting 

strains to grow toward nutrient~rich locations 

(Foster and Xavier 2007). 

lIfA'I'E'RlALS AND METHODS 
Bacteria and culture conditions t 

H, somul strain 2336 (a pathogenic, pneu" 

monia ~s{jiate) was used to study tile role or 

EPS in bioOlm fonnation. H, sonmi straIn 
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2336 was selected for Uds study because 
the genome of this straln has been sequenced­

(http://mlcrogen.ouhsc.edu/h_somnus/ 
h_somnus

o
.home.htn1). and because this 

strain is the most mature bjoOim fomllng 
strain (Sandal et aI., 20(7). H. somm was 

propagated from ~80oe skhn milk stocks onto 
ColumbIa agar containing 5% sheep blood 

{eBA). For planktonJc growth In broth medi­

um. colonies from 24~h cultures were inocu­

lated Into brain heart lniuslon broth suppJc~ 
mcnted v.:tth 0,1% Tri7,ffia base (Sigma, St, 

LouIs. MOl and (LOl% thiamine monophos­

phate (Slgma. SL LoUiS, ~10) (Asmussen and 

Baugh. 1981). and shaken at 200 rpm at 

370C to late-log phase OL109 colony formIng 

units- (CFL1/mij, determined sJ>Cctrophoto­

metrically. For topo cloning of the Inverse peR 

products, Escherichia coli DH5nLTIR Compe­
tent cells {Invitrogen, Cari8bad, CAl were u.secl 

as commercially chemically competent cells 
Cells were grown on La agar plates supple­

mented wtth 50 ~/ml kanamycIn. 

ScannlDg electron mJcro&CoPY 
Thc lower portion of the flow ce11 contain~ 

lng the coverslip was washed willi PBS three 

Umes and fixed using 2.5% glutaraldehyde in 

PBS for 60 mtn. The cover sUps Wl;':TC then 

rinsed twice for 10 min each in PBS and pro­
cessed for scannIng electron mlcroscopy 

{SEM} by us~ng a graded acetone dehydration 

series, followed by the add1tIon of osmium tet­
raoxtde (Hong et at., 2(07). The samples 

were subjected to coUcal drying. mounted 

onto stubs, and coated with palladium. The 
specimens were Viewed on a Phillips SEM~515 

scannIng electron mIcroscope, and images 
were obtained at various levels of magnifica­

tion. 
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Transposon mutagenes1s : 

Tmnsposon mutants were generated with 
EZ:;1N™. <KA.'l-2>Tnp TransposomeTM (Epl­

centre. Madison. WI). Preparation of electrQ­
competent celts was performed as descrtbed 

by Wu et al.. (2000). The bacterta were 

chilled on tee for 30 min and harvested by 

centrtfugaUon at 5000 Xg for 5 mIn. The cells 
were washed twice with 272 mM sucrose, and 

sedimented after each wash by centrtfugaUon 
at 5000 Kg for 10 min, The bacteria were sus­

pended in 272 mM sucrose to 1% of the ortgl.~ 

nat volume. and allquots of 391.11 were used for 

electroporaUon after the addiUon of one }ll of 
transposorne. ElectroporaUon was performed 
as described {Sa.ndaI et W.O 200B}. 

DNA manipulations. sequencJ..ng and se­

quence analysis 

All DNA manipulations, IncludIng plasmid 
purtfications, rcstrletlon digestions, lIgations 

and gel electl"Ophorests 'Were performed ac~ 

cording to the established protocols CSamr 
brook et aJ •• 1989). AU genomlc DNA purtfl.~ 

caUons, PCR ampU6catIons 'Were performed 
as descrtbed by (Sandal et aJ .. 20(8), The se­

quence fiankJng transposorl mutants 'Were de~ 

termined by inverse PCR as descrtbed by 
(Martln and Mobn, 1999). It VIaS important 

to use frequent cutung restriction enzymes. 

because smaller fragment are more easfly am­
plified 1n subsequent PCR reactions. The rc­

strkUon enzyme PsU (New England Blo1abs. 
Ipswich, MAi that cut the transpOSQffie once, 

but have frequent restrIction sites at H,somn' 
2336 genome was chosen to completely digest 

genomiC DNA. The kanamycin resistance 
primers and the primers used lo amplify both 

1'rn.nsposome nanking sequenees are Included 

In table L peR products were purified ustng 
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the PCR purification kit (Qiagen, Valencia. 

eN and topocloned using Topa TA cloning kit 

Unvitrogen. Carlsbad, CAl. Sequencing was 

penonned at core laboratory, facillties at the 
Vlrgl.nla BloinfonnaUes Institute (VEl], Virgin­

ia Tech using unIversal primers M 13 (lnvHro­

gen, Carlsbad, CAl and transposome primers, 

Flanking sequenees of insertion sites were an­

alyzed by compattson to public translated 
DNA sequence database using BLAST soft­
ware (Altschul et al .• 1997), 

EPS purlflcadon ; 

The bacteria were also grown In Oiled. 1 ~L 

bottles conta1ni.ng Terrific broth $uppJel11em~ 
ed with Tr1zrna base and thlamlne monophos­

phale with shaking at 75 rpm at 370C for 4-5 

days, The clear supernatant was carefully re~ 

moved and the cells and btolllm that settled to 
the bottom of the flask were extracted with 

hot, 45% aqueous phenol. digested with 

DNase. RNase. and Prolelnase K, and subJect­
ed to ultracentrifugation at 125,000 x g at 

4°C. as described for purtfication of H. son:m:l 

I1pool1gosacchartde (LOS) (lDzana et aJ .• 
1988). The supernatant from the ultracentrif­

ugation step was precipJtated by the addJUon 

of 30 mM sodium aeetate (final) and 5 'VOl­
umes of 95% ethanol after Incubation at -

20°C for at least 4 hours. The pt"Jlet obtained 

by centrtfugation was susp<:nded In dlstmed 
water and eluted through a sephacryt S-400 

column f2.5 x 50 cm] with dIstllled water as 
eluent. The flrst fractions containIng carbohy~ 

drate {determined by phenol-sulfuric acid as­
say} were pooled and lyophilized, 

P'olyaerylamlde gel electrophoresJ.s and 
aJc1.a.Q blue silver staining 

Polyacrylamlde gel electrophoreSIS (PAGE) 
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for polysaccharides followed by alelan blue 
and stiller staining was done as described by 

(Pelkonen et aI.. 1988) and (Min and Cow~ 
man. 1986). respectively, 

RESULTS 
Isolation of mutants defective in biotllm 

formatton 
A total of 96 real random transposon mu­

tants were generated of H.somni 2336 usIng 

the BZ::TN1M <KAN-:2>Tnp Transposome™, 

1bese mutants were confirmed by colony blot 

and peR of kanamycin resistance gene. By 

PCR, an approximately 900 bp product could 

be amplified from aU the mutants. The results 
indIcated the !tan rest5tant gene was Integrat· 

til into the bacterial genome {Fig. O. Of the 

96 mutants screened, 31 mutants unable to 
form such a blofilm were Isolated. Scanning 

electron microscope (SEM) was used to con·, 

firm the alteration 1n biofilm fonnat1on tIl 

these mutants. By SEM. 25 mutants wen~ 

confirmed to make less blolllm than the wtlci 

type strain (-30-80% .decrease) as shown 1n 

Fig.2. 

Some biofilm mutants are defective hi 
EPa production 

A prelimInary Alc1an Blue sUver stain was 

perfonned with the exopolysaechartde extract­

ed from mutants that diminish bloIDm foruta­

tion to detennlnc the correlation between btu-
111m formation and EPS production. Of 
Interest that 3 of Ulese blofllm deficient mu­

tants were maklng very faint materlalln COflw 

trast \,\.ith H.sumnl 2336 wUd type that was 
observed on the gel as typical high molecular 

weight polysaccharides {FIg. 3). To eonftrm 

these results, ELISA was conducted to test 

the purttled EPS from the mutants and the 
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wUd type using polyclonal anUrabbit serum. 
Absorbance of mutant strains was much less 

than wild type 2336. This might explain some 

of the contrtbutlon of EPS to bJoffim structure 
and function as well as cellul~r attachment to 

surfaces, Of Interest also, that the total EPS 

amount o( these mutants was much less 

than the wUd type (- 4-6 tug for mutants and 
-14 mg (or the wild type), 

IPCR rollowed by topo cloDlDg and Be­

queneIDg allowed tfausp060me tucrttOD 

site detennlnatlon. 
We analyzed the DNA sequence flanking 

the transposon inserts of these three mutants 

that are both blofllm and EPS defective, tPCR 
of the 3 mutants that are both blofllm and 

EPS defective revealed amplification of -1.3 

kb of the flank1:ng region. Topoclontng of the 

lnverse PCR products and sequencing of the 

plasmid containing the PCR product ver11led a 
mutation in the gene encoding for a homolog 

of ffiamentous haemagglutlnin (FHAJ. predtct­
ed to be involved in attachment (Locus Tag 

HSM_l090) which pJay a role In BordeteUa 

pertussis as the attachment bacteTla to cells 
of the respiratory epttheUum in whoopmg­

cough infections (Nlcbo18on et aI., 20(9) a5 
indIcated by the BLASf software analysts. 

DISCUSSION 
EPS 15 one of the rnaJn consUtuents of the 

blollim matrtx (WataJck and !tolter, 20(0). 
The exopolysaccharldes {EPS) syntheSized by 

mierob\al cells vary greatly In their composi­
tion and hence In their chemical and phYSical 

properties. There Is limited information about 
the bacterial mechanisms involved tn the bio­

synthesiS and modification of EPS compo· 
nents, SpecIfically. we lack knowledge about 
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how the structure of EPS mfluences the viru· 

lence of animal pathogens_ PreVious work 

with Pseudomonas aeruglnosa and with Es· 

cherichla col! has shown that EPS (alginate 

and colanlc acid. respecUvelyJ synthesis is In· 
duced upon attachment of the bacteria to a 

surface (Davies CIt at. 1993. Davies lUld 
Geesey. 1995. Prlgent..combaret CIt aI., 
1999). Although the assocIation of exopoly­
saccharide {EPS} With attached bacteria has 

been demonstrated by both electron micros­

copy (Geesey et al •• 1977) and light micros~ 
copy (A1Uson and Sutherland .• 1984). there 

1s lIttle direct evldence to suggest that EPS 

participates In the initial stages of adhesion, 

despite Its synthesis by many species in the 
adherent population. It 1s clear from a num~ 
ber of studIes that mutants unable to sj-nthe~ 

size the EPS are unable to fonn blofilrns (AlU~ 
SOD. and Sutherlarut. 1987, Watllick and 

Kolter. 1999). 

H.somnl EPS production appeared to be 

upregulated dUling _ stress-like condItions 
that favours blofilm fonnaUon, Furthennore. 

mrudmum amounts of EPS Were obtaIned un" 
der growth conditions tn broth that stimulat­

ed biol1lm formation. H, somni produces an 
excellent blofUm under most growth eondt­
lions other than rapid shaking and high aera­
tion (Sandal et aI •• 20(7), Therefore. 1t Is 
htghly lIkely that thIs EPS Is a component of 
the blofilm matrix. We were interested to role 

played by H,somn' 233$ EPS In blOtHm fonna· 
tlOfL 

In thLs study. the role of EPS in biofllm for­
mation of H.somnl 2336 was investigated by 

creating random transposon knockouts using 
the EZ::lN™ <KAN~2>Tnp Transposome'tM, 

Mansoura, Vet. Med. J. 
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TIle mutants were then screeneo phenotyp­
lcaUy for mutants that are biofiJm deficient 

using the crystal Violet assay and SEM. We 
screened these blofilm deficient mutanL-; for 
mutants that are defident in'; EPS by loadIng 

the purlfled EPS from these mutants and the 

parent staJn as \I.-'eU onto 25% polyacrylamide 

gels. followed by electrophoresis and stainlng 

with Aldan blue and stiver stain. Our results 
showed 3 mutants that are blofilrn and EPS 
deficient Sequence and BLA~l analysis re~ 

vealed that these mutants have a mutation 1n 
the gene encoding for a homolog of filamen, 

tous haemaggIutlnin (FHA) (Locus Tag HSM-

1090). 

TIle filamentous hemagglutinin (FHA} 

which Is a Omhrial-Ukc structure on the hac, 

tertal surface, and ('''eU~bound pertussts toxln 
(PI'X,) IS one of two hemaggtutlnlns produced 
by phase I strains of Bordetella pertusSis. It IS 

an adhesln that bInds the bacteria to cells of 
the respU'atory epttheUum in whoopIng-cough 

Infections, It also plays cr1tical roles in the ad­
hesion process and Ls necessary for coloniza­

tion Bordetella bronchlseptica to the swine 
respiratory tract (NIcholson et aI.. 20(9), 

EarUer studies reported the isolation and 

characterttaUon of mutants of Pseudomonas 
aeruglnosa PA14 defective in the initlatlon of 

blofllm formation that are designated sunac(' 

attachment defective (sad). TIlese mutants 
were defective in biOgenesis of tlle polar­

locaUzed type IV pil1. Competition studies be­

tween wild-type V. cholera and pilus mutants 
shtrn.' tllut these structures proVide a great ad· 
vantage in surface colonization. F'lnaUy, exo­
polysaccharide production is necessary to sta­
blUze the piUars of the blofi1m (WatnJck and 
Kolter. 1999). 

Vol. Xl, No.:I. 2009 
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M 1 2 3 4 5 

Fig. 1 : Mutant confirmation by peR. The kanamycin resistance gene could be amplified 

from all mutants (lanes 1-4, ~O.9 kb). No amplification in the H.somni 2336 wild 

type (lane 5). 

A 8 

Fig. 2 : Scanning electron microscope showing the architecture of thc biofilm mass of 
biofilm deficient mutaut versus the wild type H.somni 2336. A is showing lhe 
aggregated cells in the biofilm of the parent strain with magnifieation 10000 X. B 
is showing the significant decrease in the aggregated cells of the bofilm deficient 
mutant 

191 
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1 2 3 4 

Fig • .3 Preliminary Aldan Blue silver stain of purified EPg Purified EPS from 
transpooon mutants waere loaded onto 25% polyacrylamide gels~ followed by 
electrophoresis and staining with Aldan blue and silver stain. Lanes: I to 3, 30 
~g of purified EPS from EPS deficient mutants.Lane:4 purified EPS from wild 
type Hsomni 2336 shov.<ing high molecula.r weight material that is typical of 
bacterial capsules. 

Fig. 4. : EPS extraction froro. by H.sQnmi 2336 biofilm after S days of growth in 
supplemented Terrme broth. Bacteria were grown as planktonic cells in a 

. staner culture of 50 tnt and then tran.ferred to 1 L of filtered Terrific broth 
supplemented with TMP, Tri:r.ma base, and glucose in alL bottle. Maximum 
amounts ofEPS could be isolated fn:nn this biofilm after at least 5 days growth 
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