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ABSTRACT

“Necrotizing fasciitis, Glomerular-Nephritis, Pharyngitis (Strept Throat),
Impetigo” the genesis of all of these diseases is due to the jeopardous
microbe “Sreptococcus pyogenes’. The capsular Hyaluronic Acid (HA)
in Streptococcus pyogenes serves as a camouflage, baffling the host
immune response. S.pyogenes accesses the host cell through the enzyme
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“Hyaluronidase” which degradesthe Hyaluronic acid in the Extracellul ar
matrix of the host cells. Hyaluronidase- analogous to a nozzle speeds up
the bacterial penetration in and around the host cell, thereby daggering
the life of host cells. Curbing the anabolism or catabolism of HA by
demodulating the enzymes would help in knocking out the infection.
Sreptococcus pyogenes can be penalized for its offense by whipping it

again and again with a potent weapon (drug).
© 2014 Trade ScienceInc. - INDIA

HOW DOESTHE “FLESH-EATING”
BACTERIAACCESSTHEVIRTUOUS
HOST?-ANINTRODUCTION

Theaccomplicehereistheenzyme*‘Hyd uronidase”
(Hyauronatelyase). Extracdlular milieu of thehuman
cdlscontainsapolysaccharide named Hyauronicacid
(HA) a polymer with the monomers being N-
Acetylglucosamine (NAG) (B1°!3) and D-Glucuronic
acid (B1’!4)AThisHA ispresent in vertebratesand
capsule of Sreptococcus pyogenes (Botzki A, 2004).
HA synthase (encoded by Has operon) isthe cracker-
jack in production of HA and the produced HA isex-

ported out thecell viaan ABC transporter system(34,
HA inthecapsule thwartsthe attachment of the bacte-
ria cellsto the host macrophageswhich hel psthe bac-
teriain sidestepping theimmuneresponse. HA serves
asthepabulum of Hyauronidase. Thisenzymedegrades
theHA and promotestheinvasion of thevirtuoushost
cellsby thedeadly bacteria

WHY DOESHYALURONIDASE
DEPOLYMERIZE HA?

Thehost connectivetissuescontain theviscousHA
which providesaresistanceforceto the bacterial mo-
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tioninthevicinity asaresult of which the permesability
of toxins& bacteria accessto the connectivetissues
arerestricted. In the presence of an activated hyalu-
ronidasein the bacteria, theres stance offering compo-
nent (HA) iswiped off & thehost cdll indirectly ismade
to welcomethe bacteriain itsneighbourhood. Inthe
latter casethe bacteria access and the permeability of
toxinsinto thehost cdllsisfavored facilitating the bac-
terid growth.

Thisisthelions’ share of hya uronidaseduring an
infection. Any infection related to thisbacterium can be
subsided in 2 ways:. () Muffling hyal uronate synthase
activity (leedsto dimination of capsular HA) whichwill
trigger the host immune responsedirectly but thishas
no effect on Sreptococcus pyogenes entry into the
epithelid cdls®. (b) Developing anovel and potent in-
hibitor against thebacteria ass stant “hyal uronidase”.

CAN STREPTOCOCCUSPYOGENES
GOBBLEUPITSOWN CAPSULAR HA?

Itiswell established that Hya uronidasewithout the
hyauronic acidwill belikeafish out of water. It will be
completely inactiveinthisstate on thecontrary it would
beextremely activeand agilein the presence of itssub-
strate Hyaluronic acid. It isan established fact that a
structural synonymity exists between the HA of the
mammdian cdlstothat of theHA of the GroupA Srep-
tococci.

If thisisthegtuation: (A) Whether bacteria hyalu-
ronidase can degradeits own capsular HA under nor-
mal conditions?(B) Isthat the genesfor hyaluronidase
are substantialy regulated??? Such that it doesn’t de-
gradeitsown HA under normal conditionsor (C) Is
there an existence of afactor externa to the bacteria
cell that preventsthiskind of degradation? Apart from
thesethereisone more possibility that there might be
anincessant manufacturing of the enzymeduring the
infectionwhich may depolymerizethecgpsular HA dong
withthehost cell HA. Still inthiscasethe un-encapsu-
lated bacteriamight be protected from the host phago-
cytic machinery dueto the possession of virulencefac-
torg®. These questions conflict with themindswhile
thinking about bacterial hyal uronidase however they
need to be unlocked to thisworld through future re-
searchinthisenzyme.

—=—— Review

ISSTREPTOCOCCUS
PYOGENES-CARRIER OF TWINS?

Not every strain of Sreptococcus pyogenes pro-
duces detectable hyaluronidase. It isthe property of
thestrain & the serotypeto produce ample or meager
quantities of theenzyme. Certain bacteriophage con-
tains genesthat encodefor hya uronidasewhich mis-
sionsto destroy the capsular HA of the bacteriapro-
viding entrancefor the phageinto the bacterid domain.
The entered phage particlestill might containaportion
of hyaluronidasethat oftenin case of Sreptococci gets
integrated to the bacterial genome. Sreptococcus
pyogenes genome accommodates genes which pro-
duce bacteria hyaluronidase. Most of thestrainsare
known to contain additiona phage sequencestooinits
genome (lysogen) that again encodesfor hya uronidase.
Thus, Sreptococcus pyogenes which has the genes
for both bacteria & phage encoded hyluronidase can
bereferred asthe carrier of twins (oneof thegene pro-
ducesbacterial encoded & the other produces phage
encoded hyaluronidase)!”®. Both the bacterial & the
phage encoded hyaluronatel yases act viaap-elimina-
tion mechanism on its substrate®*9. Thebacterial hy-
aluronidases are exoenzymeswhich makesuseof the
N-terminal signal peptideregion for transport into the
extracellular ambience. In contrast the phage encoded
hyaluronidaseslack an N-terminal signal peptide se-
guenceand remainintheintracellular anbiencebut they
may get into the extracellular space by residinginthe
phage particleswhich areliberated after thelysisof the
Sreptococcal cellg?. It has been estimated that for a
group of 100 Sreptococcus pyogenesstrainsonly 23
are capable of producing the extracellular hyalu-
ronidase®. In Sreptococcus pyogenes two kinds of
bacteri ophage hya uronatel yaseshave been character-
ized sofar HylP1 & HylP2°4, Themagjor difference
between the bacterial & the bacteriophage encoded
hyal uronatelyaseisthe substrate specificity. Contrary,
tothebacteria lyasesthe phagelyasesare superlative
insubstrate specificity i.e. they recognize Hyal uronic
acid astheir only substrate & do not act upon other
structural homol ogueslike Chondroitin-4-Sul phate,
Chondroitin-6-Sulphate®*. Thisreflectson thefact
that the phage encoded lyases may beless concerned
with the spread of aninfection sincethey don’t cleave
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other glycosaminoglycans except HA inturnwhich
showsthelr dedication in their work of wiping the cap-
sular HA to get accessinto abacterial cell. However
reportsexist revedingtheir indirect roleinaninfection
(Red rash of Scarlet Fever)®d inwhich they may al-
low theinflow of toxinsinthehost cells Another digtin-
guishingfeaturebetween thebacteria & phageencoded
enzymeisthedistributive nature of the phage enzyme
i.e. they producelonger length oligosaccharide prod-
uctswheressthebacterid enzymesarehighly processve
innaturei.e. they producevery smal fragmentsof un-
saturated disaccharide productg 03,

WAY OF PRODUCTION
OFHYALURONIDASE

Theanabolism of capsular Hya uronic acidisfacili-
tated by the expression of hasA genewhereasthe ca-
tabolism of human cdl hyduronic acidisfacilitated by
the expression of the hylA gene of Sreptococcus
pyogenes. Thelatter isadependent variable on func-
tion of the serotype & property of thestrain. The bac-
terid hyduronaelyaseisan extracdlular enzymewhich
isexported out fromthecell inthefused formhavinga
sgnd peptideattachedtoit; cleavage of thesignd pep-
tideinthe ECM of the bacterial cell producesthe ac-
tive enzyme”4, The proenzyme secreted outside the
cell will beinfluenced by external factors associated
withthecdll; it may either get transformedto theactive
enzymeby thecleavage of thesgnaing peptideor might
be activated by external sourceslike thiol groups of
cysteine, cystine, serineor methionine. Antagonisticaly,
it might also get disintegrated or repressed by sources
likevaline, proline, vitamin B5 ( PantothenicAcid) or
the presence of protease®®. Thus, the proenzymic bac-
terial hyaluronidase secreted outsidethe cell might get
convertedinto theactiveform or might get inhibited /
disintegrated depending on the externa environment
congtituents.

HOW DOESHYALURONIDASE WORK?

The exact mechanism by which bacterial hyalu-
ronidase cleaveshyal uronic acid isby ap-Elimination
process. Several ways have been proposed and proved
in other Sreptococcus species like Sreptococcus
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pneumoniae, Sreptococcus agal actiae etc.[t316171, A
smilar mechanism might beassumed to occur in Srep-
tococcus pyogenes hya uronidaseinvolving proton ac-
ceptance and shunting steps. We have modeled the
Sreptococcus pyogenes hyaluronidase and we have
found out that Sreptococcus pyogenes hyaluronidase
using homology modeling using Sreptococcus
pneumoni ae asthe template and have found out that
they are 51 % homologous & theresiduesin the cata-
lytic triad remains conserved, the model hasbeen sub-
mitted to Protein Model Data Bank

[PMDB(PMO0077933)]. Thus, wehypothesizeasimi-

lar PAD (Proton Acceptance and Donation Mecha-

nism of hyal uronan degradation by hyal uronidase of

Sreptococcus pyogenes. Thefollowing steps might

happenintherea mechanism:

1) Thepostively charged residuesintheenzymec eft
offer an el ectrostatic attractiveforceto the nega-
tively charged substrate HA.

2) Theresiduesinthearomatic patch sensethebond
of cleavageinthe substratechain.

3) Theheroof thewholepicture (Figurel) (theactive
Steresduesenact their role).

3a) theresidue Z- interacts with the acidic proton of
D- Glucuronicacid.

3b) theresidueY abstractstheacidic protonresulting

Furthg, t
ny

Hyaluronidase cleft

@ -D-Glucouronicacid (D-GlcUa)
-N-Acetyl Glucosamine (NAG)

Figurel: Hypothetical model for working of Sreptococcus
pyogeneshyaluronidase
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inanungtableintermediate.

3c) theresidue X donates a proton to the glycosidic
bond oxygen & ultimately thebond linkageisbro-
ken.

4) Thenegativeresduestowardstheother end of the
cleft (theone near the productsformed) are nega-
tive and the product tagged with a net negative
chargeisextruded from the cleft.

5) Theactivesteresduesretrievethar origind states
viaproton exchangewith their microenvironment
& the substrate marchesforward for subsequent
roundsof catayss.

CONCLUSION

Armageddon thebattlefield of thegood and theevil
forces can be correlated to the war between the evil
Sreptococcus pyogenes and thevirtuoushuman cells.
Herethe sinner (Sreptococcus pyogenes) can be pe-
nalized by whippingit with powerful counter missiles,
namely hyal uronidaseinhibitors. Thisultimately blocks
the spread of Sreptococcal infection. Therearemany
waysto achievethisgod oneof thiscould bedesigning
of inhibitorshaving stronger anionic naturethan D-Glu-
curonicmoiety HA (pK a>3.2) (SonglinL et al., 2000)
such that acompetition between the substrate and the
inhibitor prevail for the accommodeation into the posi-
tivepatch of thecleft (Figure 2). Inthiscompetition if
the pK , of theinhibitor ismore, then thewinner would

l"

Inhibitor having stror
anionic nature than t
value greater than 3.

Hyaluronidase-Streptococcus pyogenes

Figure?2: Hypothetical model on antagonizingtheaction of
Sreptococcus pyogeneshyaluronidase
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betheinhibitor hel ping the human racetoward off the
infectious Sreptococcus pyogenes. Hya uronidasesare
known to begroup of neglected enzymes(Kreil G 1995)
inthescientificworld, if their potency in causing the
Sreptococcus pyogenesinfectioniswell characterized
infuture definitely they would turn out to be the hot
spotsin Designing of drugstowards Streptococcal in-
fections.
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