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treatment of Streptococcal infections, including the infection commonly
known as strep throat. 15 2. Description of the Prior Art Goup A
streptococci have been shown to be an inportant pathogen capable of
exi stingCBoth in a carrier state in an asynptomatic individual and in a
synptomati c individual with 20 synptons of disease ranging froma mld sore
throat, tonsillitis, or inpetigo. DESCREPTEANed, these streptococcal
|nfect|ons could Iead to gl onerul onephritis, rheumatic fever and possibly
per maneBACKGROUKDI OFhEHE! INVER@3ON Wth the advent of antim crobial
agents, specifically penicillin derived 25 antibiotics, the causative

or gani sin cap-bhg 5§aghgylﬁbéﬁkgg£ed followi ng the prescribed regi men of
appropriate antibiotic herapy. 1

The present invention relates to a composition containing
Group C Streptococcal phage associated lysin enzyme and a carrier
10 for delivering the Group C Streptococcal phage associated lysin
enzyme to the mouth, throat or nasal passages of a mammal. The
composition is particularly useful for the prophylactic and
therapeutic treatment of Streptococcal infections, including the
infection commonly known as strep throat.
15
2. Description of the Prior Art
Group A streptococci have been shown to be an important
pathogen capable of existing both in a carrier state in an
asymptomatic individual and in a symptomatic individual with
20 symptoms of disease ranging from a mild sore throat, tonsillitis,

or impetigo. If untreated, these streptococcal infections could

lead to glomerulonephritis, rheumatic fever and possibly
permanent rheumatic heart disease. With the advent of
antimicrobial agents, specifically penicillin derived

25 antibiotics, the causative organism can be readily eliminated

following the prescribed regimen of appropriate antibiotic

therapy.
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remains a progIenl Patients with a streptococcal 20 gﬁ%ryngltls are highly

' | 66ydare &hetakbelyoderansibh the apgaspsihte ChogqrrRALACLS 1ty
ngﬁf:ing in an epidemc of strep throat. This is a particular prgblenlln
a school-Dpapiraticsaoandn thet beemblilt pay rewhebe peephe ar8nksmickess of
proximty with one another. Mreover, there is a need for prophylactic
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ibiotics generally is not advisable for many reasons. 2
Of]i?ntgglcgﬂe quelae yof group A 1infections (rheumatic fever or

nephritig).

U.S. Patent No. 5,604,109 (Fischetti et al.) teaches the
rapid and sensitive detection of Group A streptococcal antigens
by a diagnostic assay which utilizes Group C streptococcal phage

15 associated lysin enzyme. Such an assay can assist in rapidly
identifying infected individuals, who  then can receive
conventional antibiotic therapy.

However, the problem of effectively combating streptococcus
infections remains a problem. Patients with a streptococcal

20 pharyngitis are highly infectious and are able to transmit the
organism to close contacts resulting in an epidemic of strep
throat. This is a particular problem in a school population and
in the military, where people are in close proximity with one
another. Moreover, there is a need for prophylactic methods of

25 preventing streptococcal infections, because prophylactic use of

antibiotics generally is not advisable for many reasons.



t invention
WO 00/ 50069 PCTI US99/ 04063 SUMVARY OF THE | NVENTI ON The presen
(which incorporates U S. Patent No. 5,604,109 in its entirety by

; o e L. nhage
r ef er encejyopossvegles conpositions containing Goup C Strep Sdoidliocd
associatgz Pysin enzynme 5 and a carrier for delivering the(%?gup 8’

StreptogﬁgﬁgkYpng@HFagﬁgﬁkgggg | ysin enzyme to the nouth, throat or nasa

e o an ani ima human. Such conpositions can be .
Bgff?gularly useful either as a prophylactic treatnment for preventing
i nfection foTP%mPﬁ§S€%Bo§@W€n¢60@tH@h§QMu1nﬂaquﬂaﬂH&xU.$r B&té@taNo,MM
therapegt%g t tnent, of Streptococcal A throat infections for those ?
are aIready4l%?gcﬂgd}q%uﬁ¥ﬁﬁx%ﬁye@YaFﬁﬁ&rﬁnéehrﬁnﬂﬁmdﬂs Jinepps £5LOAE O
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It ection a1 hata i e e R e, D heBie g pRect peceran ahd 20

i et e of @;ather _individuals. 1n one
QﬁLgh?%za?iof ;ﬁgﬁgﬁagﬁiﬁgn, tﬁg F&gﬁh%gﬁggﬁggﬁghsa fnPet BREHLFRLRREY f or m

anslyf NS I
f c ulhew ums | aze hyToehe: tahl et o3 po r,,an aerosol,
Fiqﬁid (e.g., gafﬂ?%? or a quuf%.ipray. In anot her eﬁ%%ﬁld%%ﬁv%ﬁ the

i nvent i grfe¢thieon yEd hlo@bngnaypesiise ad8i B sEeEEGHN ke Ry 2 dasal
spray. The nmethod for the treatnment of streptococcus A exposure conprises
apbpyiﬁb'%hﬁ@ﬁﬁ@ﬂﬁﬁQMiHﬁﬁﬁmyﬁtobfaSphepﬂ&ceubaﬁak|Mhroat infections for
those who are already infected, thereby alleviating the
infection.
The presence of the lysin in an oral or nasal cavity at the
time when streptococci are introduced from an infected individual
15 thus results in the killing of at least some of the incoming
streptococci, thereby providing a prophylactic effect by
preventing infection. This rapid and specific (lethal) activity
of the lysin enzyme against an existing streptococcus infection
will have a therapeutic effect by reducing the infection and
20 helping to decrease the spread of the strep to other individuals.
In one embodiment of the invention, the lysin enzyme is
administered in the form of a candy, chewing gum, lozenge,
troche, tablet, a powder, an aerosol, a liquid (e.g., gargle) or
a liquid spray. In another embodiment of the invention, the lysin
25 enzyme is administered in the form of a nasal spray.
The method for the treatment of streptococcus A exposure
comprises applying an effective dosage of a pharmaceutically

acceptable amount of Group C streptococcal phage associated lysin

3
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infections. The enzyme 1is likewise effective against group E

streptococci.

DETAILED DESCRIPTION OF THE INVENTION

15 It has been discovered that the presence of the lysin in an
oral cavity at the time when streptococci are introduced from an
infected individual results in the killing of the incoming
streptococci, thus preventing infection and providing a
prophylactic treatment for preventing strep infection. This rapid

20 and specific (lethal) activity of the 1lysin enzyme against
streptococcus also produces a therapeutic effect in infected
individuals by reducing the infection and decreasing the spread
of the strep to other individuals.

The amidase muralytic (lysin) enzyme produced by the group

25 C streptococcal organism after being infected with a particular
bacteriophage (identified as C1) is isolated and harvested as is
described in U.S. Patent Application No. 5,604,109. This Group

C streptococcal enzyme, (also known as a lysin enzyme) which has
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10 system or oral delivery mode, it is preferred that the enzyme be
in a stabilizing buffer environment for maintaining a pH range
between about 4.0 and about 8.0, more preferably between about
5.5 and about 7.5 and most preferably at about 6.1.

The stabilizing buffer should allow for the optimum

15 activity of the lysin enzyme. The buffer may be a reducing agent,
such as dithiothreitol. The stabilizing buffer may also be or
include a metal chelating agent, such as
ethylenediaminetetracetic acid disodium salt, or it may also
contain a phosphate or citrate-phosphate buffer.

20 To prevent spoilage, the stabilizing buffer may further
contain a bactericidal or bacteriostatic agent as a preservative,
such as a small amount of sodium benzoate.

Means of application include, but are not limited to direct,
indirect, carrier and special means or any combination of means.

25 Direct application of the lysin enzyme to the nasal membranes may
be by nasal sprays, nasal drops, nasal ointments, nasal washeg,
nasal injections, nasal packings or through the use of ointments

applied to the nasal nares, the bridge of the nose, or the face
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flavorings, non- sugar sweeteners, gelatin, glucose, glycerin, gumbase,
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bi nders, and conbi nations thereof. Lozenges may further contaln sucrose,

corn staegksodsaci a, gumtragacanth, anethole, |'inseed, ol eoresin, mneral
oil, and cellulose, other binders, and conbinations thereof. In another 20
enbodi ment offhchd dzengsti dablstgaorsgst iintteshdicd thed 1Pl ae&ynef is

dextrose, sucrose, or other sugars. The enzyme may al so be placed in a
nassi Sﬁ@éﬁ@ RA¥r ePRAL&He sugar, corn syrup, a variety of dyes, non-sugar

sweeteners, flavorings, any binders, or combinations thereof.
Similarly, any gum based products may contain acacia, carnauba
wax, citric acid, corn starch, food colorings, flavorings, non-
sugar sweeteners, gelatin, glucose, glycerin, gum base, shellac,

15 sodium saccharin, sugar, water, white wax, cellulose, other
binders, and combinations thereof.

Lozenges may further contain sucrose, corn starch, acacia,
gum tragacanth, anethole, linseed, oleoresin, mineral oil, and
cellulose, other binders, and combinations thereof. In another

20 embodiment of the invention, sugar substitutes are used in place
of dextrose, sucrose, or other sugars.

The enzyme may also be placed in a nasal spray, wherein the
nasal spray is the carrier. The nasal spray can be a long acting
or timed release spray, and can be manufactured by means well

25 known in the art.

Any of the carriers for the 1lysin enzyme may Dbe

manufactured by conventional means. However, it is preferred that

any mouthwash or similar type products not contain alecohol to
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duration of exposure of the recipient to the Streptococci, and/ or e

nat ur e fefrnt ne iinf ectliyophifiieecsi zeasaq wabgBhpoh 1Heywingiyd dé@[ubjfff%ed
Det erm ni ng appropri ate dosage rates will be within the ski of the
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alfg d%ﬁfqgsmfge¥@gtggrl&g%sg§ZJ5;J(gome other encapsulated form, or
administered as a prodrug or in an extended release form to

provide a prolonged storage and/or delivery effect.

The effective dosage rates or amounts of the lysin enzyme
to treat the infection will depend in part on whether the lysin
15 will be used therapeutically or prophylactically, the duration
of exposure of the recipient to the Streptococci, and/or the
nature of the infection, the size and weight of the individual,
etc. Determining appropriate dosage rates will be within the
skill of the artisan. The duration for use of the composition
20 containing the enzyme also depends on whether the use is for
prophylactic purposes, wherein the use may be, for example, daily
or weekly, for a defined time period e.g., for a week month or
longer, or whether the use will be for therapeutic purposes,
wherein a more intensive regimen of the use of the composition
25 likely would be employed for a period of, for example, 2, 3, 4,
5, 6, 7, 10, or 14 days, or longer. Thus, therapeutic treatments
could span several days or weeks, likely on a daily basis, and

possibly at multiple intervals during the day.
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Carrierofjghz§$8u%5§ be in the range of from about 100 units to about
100,000 units in the environment of the nasal and oral passages.
Within that broader range, dosages of from about 100 units to
about 10,000 units are believed to be acceptable. Such unitg can

15 be contained in smaller volumes of carrier such as liquid or
saliva, e.g. 1 ml or less (e.g. in the case of a lozenge) or can
be contained in larger dosage volumes such as a gargle of several
mls. Generally, therefore, larger volumes of carrier will require
& greater total number of units to achieve an effective

20 concentration of active enzyme. Hence, acceptable concentrations
can be from about 100 units/ml to about 100,000 units/ml of fluid
in the environment of the nasal or oral passages. Within this
range, concentrations from about 100 units/ml to about 10,000
units/ml are acceptable.

25 In practice, therefore, the time exposure to the active
enzyme units likely will influence the desired concentration of
active enzyme units employed in the dosage per ml. For example,

carriers that are considered to provide prolonged release



a greater total number of units to achieve an effective 20 concentration of
active enzyne. Hence, acceptable concentrations can be from about 100

. . . . . he
units/ m wooekwes 100, 000 units/m of fluid in the envi r‘i’&ﬂ‘ﬁ%w o6k
nasal or oral passages. Wthin this range, concentrations from about 100

i its/mM are acceptable. 25 In practice,
ther of or - 2FRER: PR SE SOT e %W%ﬁiwp@?ﬁwmmgwmmy;mbglg .
i nfl uenge, desi c tration of  active enzynme units enployed in e
dosage ber” e "RorELe SREIMEI R 31 1A ke Eondraarad=: sepy oh, deut

lze assh 0069 US99/ 04063, (certai n nasal sprays,
F(r)glaggggdgﬁgagncap%%rl Z?Sggéﬁz%%e)ﬁgllo—éu] dgg{f)‘r’%(‘ﬂ/lsﬁéya Iaové?mf:’iﬁf&eﬂtl’r’é’éﬂeﬁ of

active enaypmetpi (8.860 Bl gabyic) OMEH18 ggggg?epgr' ggkﬁ%vctfégggnﬁggﬁgéﬁel y:

a shorter duration treatnent (e.g., a gar cou

néentoht iaart iveof eAgin¥ € (LAZHTELHAI ty per Am:, Ny, d9sage. form cont al ni ng
glcj)ffi cient lysin eizyyrrl:eEl to provide effective conceaﬁ?ratl ons of ‘-attiid

enzyne suffheisntelgbihnkaelinen ter drwRIRyider aosufd '%r?&'ént:?é@{’%}é{é agtic
effect are well within the bounds of routine experimentation an o

t her ef oretiveel¢naymehiat tthe sdopeoof ithect déh i s tEntpd ML 508, rEQRPQASEt i ons
of the instant invention further may conprise at |east one other .
addi t | oraPPRybREt e f exffiaet f @reuswelln evitiein tdiesr apeuiides Obrprophylastic
treatment of streptococcal infections or in the al I eviation of synptons

t her eof S*AetBgehet e} Phcadeinereharey beldf fetthie fror sesspadditt i opal

i hyl actic effect, e.g. pain alleviation. Sone agents
tNepaPepld Lo A0 QenP SR g

Compositions of the instant invention further may comprise
at least one other additional agent effective for use in either
therapeutic or prophylactic treatment of Streptococcal infections
or in the alleviation of symptoms thereof. The agent may

15 additionally be effective for some additional therapeutic and/or
prophylactic effect, e.g. pain alleviation. Some agents can be
topically or systemically active, and can include antibiotics or
pain alleviation medications including topical antiseptics, e.qg.,
for sore throat. Alternatively, such agents may be given prior

20 to or after treatment with the instant compositions. Dosages of
the antibiotics should be effective for therapeutic or
prophylactic treatment of streptococcal infections or for
treatment of symptoms of such infections.

While this treatment may be used in any animal or mammalian

25 species, the preferred use of this product is for a human.

Each dose of the 1lysin containing carrier is kept in

contact with the oral mucosa as long as necessary in order to

provide the intended therapeutic or prophylactic effect.



topically or systemcally active, and can include antibiotics or pain
all eviation nedications including topical antiseptics, e.g., for sore

throat. Ab®edssuekd vely, such agents may be given prior 20 e rRtsobbdees
t r eat ment (\%vith the instant conpositions. Dosages of the ant ?[En OE)I CS shoul d

i i ophyl actic treatnent of streptococcal
nf ect (RO TR0 ot ehie B Sy BRSO Sl Gt eoviamss iy oo (b <
treat MpY R (qu n_any_anj nmal or n%m’ra,lian 25 species, the preferred
use of this pﬁoguﬁ?l § fEr HF . BRBRRdJsiEssts t héorgspaseortedahes,

I erciesy #ept o C 2t . wth the oral cosa as |l.ong as necessary in
o der 1 g o R kg PR saucd s bphyRaBErg Freots, % W0

S99/ 6. doiRi . f. the si,n.enz to the oral
MiCosa may be by ary waans bach 5y oatyl d %%%¥ﬂf?@n§ g'éifz&fg@& O

e ecgandi L povler : a an , _
It(r)ggh:?hﬁ i's stgfg:eggﬁgeprovi dg%k%t he | ntaesfr%%%‘ Epo%%% acrP ot 28t sl'éﬁ?’eutl c

i [ ' : ' ds and
ef f ect pcidildled rarhosanantByoapes 86 He RLNe11R03SHY enoeihods and
conpositions for delivering the lysin enzyme in accgrgance Wt hoti's

[ ilgn . adeavRiIE e Wit Then igg altpr&Gitphage | ysin enzynme is prepared as
:‘grfg\t/vslén G oup C strept ococ?é;l strain 26RP66 (ATCC #21597) or any other
group C streptococcal strain is grown in Todd Hewitt medium at SZ:
degree(s) C. to an CD of 0.23 at 650 nmin an 18 mmtube. G oup dded at
bacteri ophage (O ) (ATCC #21597-Bl)EXAMRLELSL titer of 5X10 sup 6 is added a

a {@tio of %ﬂgfrgpﬂﬂﬁg%Jg%;ge lysin enzyme is prepared as follows:
Group C streptococcal strain 26RP66 (ATCC #21597) or any
other group C streptococcal strain is grown in Todd Hewitt
medium at 37 degree(s) C. to an OD of 0.23 at 650 nm in an 18
mm tube. Group C bacteriophage (C1) (ATCC #21597-B1) at a

15 titer of 5X10 sup 6 is added at a ratio of 1 part phage to 4
parts cells. The mixture is allowed to remain at 37 degree (s)

C. for 18 min at which time the infected cells are poured
over ice cubes to reduce the temperature of the solution to
below 15 degree(s) C. The infected cells are then harvested in

20 a refrigerated centrifuge and suspended in 1/300th of the

original volume in 0.1M phosphate buffer, pH 6.1 containing
5X10 sup -3 M dithiotreitol and 10 pg of DNAase. The cells
will lyse releasing phage and the 1lysin enzyme. After
centrifugation at 100, 000X g for 5 hrs to remove most of the
25 cell debris and phage, the enzyme solution is aliquoted and
tested for its ability to lyse Group A Streptococci.
The number of units/ml in a lot of enzyme is

determined to be the reciprocal of the highest dilution of

10



i i i C. for 18
arts cells. The mxture is allowed to renain at 37 degree(s)
lr?‘in at which tine the infected cells are poured over ice cubes to reduce

. . q
t ewdl ars0069f the solution to below 15 degree(s) C [ ,lesgg/&ﬁge _
1(.':Qlel segIr)e then harvested in 20 a refrigerated centrifuge an§ suspencf'ed in

L Qi ' H 6.1 containing
1/ 300t h of o [ volune Jn 0.1IM phosphate buffer, pH
5X10 sup -e?f{%cﬁ t%%%?%?o?oaﬁ&%eg t(]j"fe @. %Fhe el F8spansionysef

i d VS N . er. centrifugation at 100, 000X g
o S B 20 AU A Ml L IR T e

i ' |4 oL i | 9 LY3¢
ST ook onose RS En g SR e, Lo LYl B0, € B e

be the reardrtecareoofptdiddghasts dj,i'rk{v;lié)rhé)fliéé)r \%2{9{%50069 PSTI US99/ 04063
enzynme required to reduce the OD650 of a suspension 0 gr oup

occi atUsen GBX ofh@. 8nkgme. ol rb% M MHSSwud MdnbdP! &8l ,ns
;ﬁgggﬁgfion of enzyme 4X10 supgg to 4X10 sup 6 units are.proﬁuce&fﬁqFaa
single 12 [Gft erlymtch. ebzidse opetrhe iy MRISESMAIRS AoHT RbBUMLUARET: Of
units of lysin enzyne per test dependlng_op the incubation timnes
requi red. “Fi@SerAgrE e di | Thed enzamst abid i zdiutduf f en gO%k@Hyﬂﬂk#§§
appropriaig conditions for stability, nqxlnunlenzynaplc act|V|Ly. €
preferred f6f§ﬁboﬂPﬁEﬁ%nF§gtdﬂUSeaﬁps?@ghﬁtezggeL?snd&ﬁﬁsﬁggénTbgor

ilizi .er can cqnprise a reducing r it
Zit ? E: lolt ﬁlr %?P?ﬂ‘iflifﬁy& cB‘ﬁ&‘gL%“at i OFPEYBREGCO01MRES 1ViOM. paker ahley «0-rRQ5M

The %&?bighﬁbﬁgm%%kfe&scan ggnpéége a lyophilized 1lysin

stabilizing buffer can comprise a reducing reagent,

enzyme. The

which can be dithiothreitol in a concentration from 0.001M
to 1.0M, preferably 0.005M. The stabilizing buffer can comprise
a metal chelating reagent, which can be
15 ethylenediaminetetraacetic acid disodium salt in a
concentration from 0.00001M to 1.0M, preferably 0.005M. The
stabilizing buffer can comprise a citrate-phosphate buffer in
a concentration from 0.001M to 1.0M, preferably 0.05M. The
stabilizing buffer can have a PH value in the range of from
20 about 4.0 to 8.0, preferably 6.1. The stabilizing buffer
can comprise a bactericidal or bacteriostatic reagent as a
preservative. Such preservative can be sodium azide in a
concentration from 0.001 percent to 0.1 percent, preferably
0.02 percent.
25 The preparation of phage stocks for lysin
production is the same procedure described above for the
infection of phage and group C streptococcus in the

preparation of the lysin enzyme. However, instead of pouring

11



[ [ i am tic acid
a netal chelating reagent, which can be 15 ethyl enedi am netetraace
disodiumsalt in a concentration from0.00001Mto 1.0M preferably 0.005M

The st abilg guisogsobuf f er can conprise a citrate-phosphate by {‘/?J% J/(Qmssa
concentration fromO0.001Mto 1.0M preferably 0.05M The S{:abl S ng

H e _i.n the range of from 20 about 4.0 to 8.0,
B‘rjfe; gaﬁfg tgl%ivé it Cé‘t/ :Jcﬁlzli%g?"tﬁ}f fié:,%, ddre dorpriage. can e et ideigiale @)
bact eri ostcati C rea?&nt aﬁ ?ﬁ reservative., Such preservative can be sodi um

ORCERtTatIE 8. 60F Fereent thPwr 1tperaddmy  prefer aridy

azide in a’ concen

0. 02 percent e preparation. of . phage stocks, for |ysin production is
t he sgme g%&?? %r él%dgglgr Egggea%f%gea?’g? t FR2YTRf et | df%f Ytterde afvdugrooup C

i h i of the lysin enzyme. However, instead of
pour | ng. 11 W 85 59080 B! PREFOA66ES t HEoinfeet odBarHESBher Féeint ne
i ncubag | opralaudt idegr eefs) Creiﬁd%%qtl nléggxgn%r rgusttot %Ig of 1 hour to allow

t
| ysis and release of the phage and al so enzyne in tOPAF VB LRe. ©Min

rder for rehevpliageot opbevarsed fyayi ssulgseguent (Lysin.p production. th
?esi dual gnzy‘rig m%s? g% i nact i valﬁreld or renoved 16 prevento1ye s fcreg%s

wi t hout ofrathergtbam Gheeld $nfeithem .t han phage infection. EXAMPLE 2 10 The
enzyme prepared according to exanple 1 is diluted to a concentration of
100 units/m in a buffer consisting of 0.05M citrate phosphate buffer pH
6.1 containing 0.1%rabbit
EXAMPLE 2
10 The enzyme prepared according to example 1 is diluted to a
concentration of 100 units/ml in a buffer consisting of 0.05M
citrate phosphate buffer PH 6.1 containing 0.1% rabbit
immunoglobulin, 0.005M (ethylenedinitrilo) tetraacetic acid
disodium salt (EDTA), 0.005M Dithiothreitol, 0.02% sodium
15 azide, 0.01% N-acetylglucosamine. One part colloidal gold sol
labelled with Group A Streptococcal Antibody (OD sup 520
1.5) suspended in 0.02M Tris buffer pPH 8.2, 1.0% bovine
serum albumin, 0.02% sodium azide, 300K units heparin, is added
to 3 parts of the enzyme reagent, mixed, filtered through a
20 0.22 micron filter, and 200 microliters aliquoted per
tube and lyophilized. This lyophilized enzyme is stable at
elevated temperatures (i.e. 45 degree(s) C.) for short term
conditions (i.e. 2 weeks) and long term storage at room
temperatures (>1 vyear).

25

12



i mmunogl obul i n, 0.005M (ethylenedinitrilo) tetraacetic acid disodiumsalt
(EDTA), 0.005M Dithiothreitol, 0.02% sodi um 15 azide, 0.01%

N acet yl givocanssaogone. One part col |l oi dal gold sol |abell edﬁﬁ' s A
Streptococcal Antibody (OD sup 520 1.5) suspended in 0.02 r g%ﬁ%?er pH

8.2, 1.0% bovine serum al bum n, 0.02% sodi um azi de, 300K units heparin, is
added to 3 parts of the enzyne rea ,PIr‘ﬁx?éd, filtered through a 20 0. 22
m cron filpg&etho@nd 200 microliters aliquoted per tube and |yophilized.
This lyophilized enzyne is stable at elevated tenperatures (i.e. 45

degree(s) 1C ) derrtshartgher mycopditigns (i, e weeks) and long term
storage at room terrperatgresu(>1 yeﬂ. g%'gu%z 6\0%67%%%%@0‘5@ USH97 04063

EXAVPLE 3 SMist/io /3DR Saibpaofiayi s Ubd i & Hfc \gr tgeocgal strain
S43/ 192/ 39R (Streptonycin resi get%nt) (f FomPr o%%n@F%%%ggr %?ﬂ?‘?a%r%%) 1 in

50 m ®f TFodd Hewird 5o TH) JFr abdcarlaLpi gy StongXifact and 100 I of
Streptonycin/m. 2. Gowto an OD650 of .Sé %.r%@n%??‘fe%b%nf%rflli YRtk es

at 3000 rpmdQ sed t teria.. 4. Resuspend organisnms in 1 nm volume of

TH w/ o anti biotics r{%rholcg"’})?(l 1(%?1%?3*:%@’%@? i ned by plate count). 5.

Add 0.5 of, t e concentrated_cells to ) .5 mM of pH 6.1 phosphate buffer
2 mr%o a f

as a control. 6" FVe Thitietpbkiofe administering to the mice, 0.5 m of

t he 3. Centrifuge for 15 minutes at 3000 rpm to sediment bacteria.
4. Resuspend organisms in 1 ml volume of TH w/o antibiotics (3
10 x 10°/100 pl as determined by plate count).
5. Add 0.5 of these concentrated cells to ).5 ml of pH 6.1
phosphate buffer as a control.
6. Five minutes before administering to the mice, 0.5 ml of the
concentrated cell suspension was mixed with 0.5 ml of phage
15 lysin solution pre-diluted to 10,000 units/ml in pH 6.1
phosphate buffer.
Five mice received 60 ul of "control" solution divided
equally orally and intranasally.
Five mice received 60 Bl of lysin and bacteria mixture
20 divided equally orally and intranasally.
Throat swabs were performed onto 5% sheep blood, proteose

peptone agar plates containing 500 ng/ml of streptomycin.

Plates were incubated overnight at 37° C.

25
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ed cell suspension was mixed with 0.5 nl of phage 15 lysin

gglnﬁ'?ing:]atpre-di | ut ed ltoo 10,000 units/m in pH 6.1 phosphate buffer. Five
mce recevoeasdty | of "control” sol ution divided equally pehdldo¥ostad
intranasally. Five mce received 60 | of !I_KSI nt ag\?\aggc;g;apglr ;(E)E;rgd 20

i vided equal Iy or and i ntrajnasa : roa
g9| 5 sheeg bl (%lc? %rloye “@é tRigetont ai ni ng 500 g/ mO/ 21(3069
streptonycin. Platg /szvvere mp&ated Qy r ni ght } 37 C. 25 13 WO 00¢
PCT/ US99/ 04063 The f | oW ng ‘rgsul ts obt af 7122 7123 7124 7

' 000 L3000
| d 2d 3d 7d Col ony Forr@Crlg) Y c 0090 L20
01044 0100 L500 o @@%%61470 C2 >400 17 100 83 C3

9 0 15 OLysIN

L1 0 0 0 0
L2 0 0 0 0
L3 0 0 0 0

10 L4 0 1 0 0
L5 0 0 1 0
CONTROL

15 C1 26 14 7 0
c2 >400 17 100 83
C3 S 0 15 0
C4 >400 >400 >400 220
C5 2 2 30 0

20

These results show that the contact between prhage lysin
and group A streptococci for as little as five minutes prevents

the streptococci from colonizing the upper respiratory tract

25 of the mice in this model system.

EXAMPLE 4
To reproduce what might occur when lysin is present in
the oral cavity (i.e. through relase by a lozenge) before
30 streptococci enter the environment, animals, bacteria, and
lysin were prepared in the same way as described in example 3

(numbers 1-5) except in this experiment, animals were treated

as follows:

35 Lysin: 5 mice received 25 pl of 1lysin and immediately

thereafter they received 50 pl of bacterial suspension.

14



C4 >400 >400 >400 220 C5 2 2 30 0 20 These results show that the contact
between phage lysin and group A streptococci for as little as five mnutes
prevent s wolwe/sedspept ococci from col oni zi ng the upper respkﬂgﬁg§%m&&gct 25
of the mce in this nodel system EXAMPLE ?_To rfﬁroduEe lagenhgh; occur

ip_l resent i,n the oral _cavity (i.e. rough rela / _
rgggnggi Eg %F§1:3 stV otoTet Veht e t ke &rfvi Pohfient anthi nahedibaetleri a,
and lysin were prepared in the same way as described in exanple 3 (nunber;
1-5) except'®FRatRES Elger nesetivednisnals wer dacteatied sassgealdions: 35 Lysin:
S mce received 25 gl of lysin and imediately thereafter they received 50
| of bacterial suspgﬁspéﬁ: 14 WD 00/ 50069 PCT/ US99/ 04063 Control: 5 mce
recei ved ES | of buffer and imediately thereafter they received 50 Al of
bact eri al ¥ﬁgBension. 24 hrs. Lysin 516 - L7 - L8 - L9 - L10 - 10

5 Lo -
L7 -
L8 -
LS ~
L10o -
10

Control

Cé
15 C7
C8
C9
C10

4+ 1+

20  Result: 0/5 animals containing lysin in their oral cavity when

the streptococci were added were colonized, while 3/5 animals
that received buffer, then streptococci were colonized. Thus,
lysin, if present before group A Streptococci are added, is
able to prevent colonization.
25
EXAMPLE 5
Group A M type 6 streptococci were grown at 37 degrees C
overnight in Todd Hewitt media. Organisms were washed once in
sterile lysin buffer (50 ml phosphate buffer pH 6.1). The cell
30 pellet was then suspended in 5 ml of the same buffer.
Phage lysin was diluted in lysin buffer containing 5 mM
DTT to two times the appropriate units and the mixture was
sterile filtered.
1.0 ml of the bacterial suspension was added to 1.0 ml of

35 the appropriate lysin dilution and the mixture was incubated

15



It: O0/5 animals containing
Control C6 - 15 C7 + C8 - C9 + Cl0 + 20 Resul t:
lysin in their oral cavity when the streptococci were added were

i i i i hen s QCcCi were
| oni ze isbigo3/5 animals that received buffer, t ﬁ 53 C
gglggizegwo¥?us, lysin, if present before group A Streptoé%@@% g?@;added,

. , 5
[ t revent colonjzation. 25 EXAMPLE 5 Group A Mtype | _
;freggggo%gi%&y CYTOWN &t IATRIFEeYeTe cwmavaght atn thadd Hewt ttvaedi a

i e i sterile lysin buffer (50 m phosphate buffer
E’Hg‘é‘.”'lf .m;dﬁq%‘rlg% |Sarbi‘gr°(égﬁcﬁaeﬁerﬁv%sapﬂerp%®%%nm bhosdniaasr t bdasare buffer.

O MaS5 4l I i i ni mvM DTT to two timnes
Phage |ys  di d Lysin buffer containing 5
thegapp¥6%$$atelﬂ%i?égaﬁéggﬁela xtOr8twas sterile filtered. 1.0 ml of the

i i iate lysin
t al sus was, of. 35 the appropria
i1 ut i on and Fﬁ%ﬁ%fﬁ%ure“@@&%%?n%%%%%%a%gfw?@ @ﬁﬁéfpei%{egg@?mg@l at
7 degr eesuspeboiphesdRie £6Myved af Lismed interva ( .
2pprogriaté§@eangﬂglated on bl ood agar pldgés %XSlﬁeﬁéf _%% PHEYSact 21| al
count. Comtiglosanpbesenonsusted ofi i d10f 168 PACIRNIRL ¢ 2ng an

aliquot plated on blood agar plates to determine the bacterial

count.

10 Results: Bacterial counts with lysin
Lysin Starting 5 sec 30 sec 60 sec 5 min 10 min
units Count
1000 5 x 10° 0 0 0 0 0 (mean 2

15 exp)

100 8.6 x 10° 1530 1196 771 64 6 (mean 4
exp)

20 10 9.8 x 10° >3000 >3000 >3000 >3000 >3000 {(mean 3
exp)

Many modifications and variations of the present
25 invention are possible in light of the above teachings. It isgs,
therefore, to be understood within the scope of the appended

claims the invention may be protected otherwise than as

specifically described.

16



5 suspension added to 1.0 m of the lysin buffer alone. An aliquot was
renoved and diluted in 10-fold dilutions and an -aliquot plated on bl ood

agar pl atyeg ob/Spogset €r m ne the bacterial count. 10 Results: i counts
wth lysin Lysin Starting 5 sec 30 sec 60 sec 5 min 10 nﬁﬁﬁ%%%?®§%gbunt

1000 5 x 106 0 0 0 O O (rmean 2 15 exp) 100 8.6 x 106 1530 1196 771 64 6
(mean 4 exp) 20 10 9.8 x 106 >3000 >3000 >3000 >3000 >3000 (nmean 3 exp)
Many nodi fi i S Al &grja;ions of the present 25 invention are possible
in light of the above eadﬁ?hgs. It is, therefore, to be understood within
t he scope of the appended <clains the invention may be protected otherw se
than as specifically described. 16 WO 00/50069 PCT/ US99/ 04063 What is

clainmed is: 1. 1A conposidd Jiqr; Yse d n. the therapeutic or 5 prophylactic
treatnment of a streptococgg{b ilnfledgitsi(?nof} éﬁ?pri%ﬁ n&%eantéﬁré’é%qqﬁelcammt of

G oup ¥ storepttndeetalc phageatass@ci ated |ysin, enzyne; aqg%a carrier for

delivering said lysin enzyne to a nouth, 10 fﬁ%%g?d%)c saPﬁﬁ%ﬁ%ﬂﬁﬂf
comprising:

an effective amount of Group C streptococcal phage

associated lysin enzyme; and

a carrier for delivering said lysin enzyme to a mouth
4

10 throat, or nasal passage.

2. The composition according to claim 1, wherein said
carrier is selected from the group consisting of candy, chewing
gum, lozenge, troche, tablet, powder, aerosol, liquid, liquid

15 Spray, nasal spray and nasal ointment.

3. The composition according to claim 1, further
comprising a buffer that maintains PH of the composition at a

range between about 4.0 and about 9.0.

20
4. The composition according to claim 3, wherein said
buffer maintains the PH of the composition at range between
about 5.5 and about 7.5.
25 5. The composition according to claim 3, wherein said

buffer comprising a reducing agent.

17



2. The conposition according to claim1, wherein said carrier is selected
fromthe group consisting of candy, chewing gum |ozenge, troche, tablet,

powder, a@igfBbese! i quid, liquid 15 spray, nasal spray andP @g%g/o'b t ment .
3. The conmposition according to claim1l1, further conprisi n{%’?l P ¢ hat
mai nt ai ns pH of_the osition at a range between about 4.0 and about

co _
9.0. 20 4. The 6c‘orrp%]§?{TESWPQEéBFEPn@CF@r@laIBmt& weirei B, sahdrebuf ferig
mai nt ai ns of_ t he comppsi.tion at, range between about 5.5 and about
7.5. 25 5.rte$ﬁ“ecac|ﬂ§rr€ einteti ory éﬁﬁmtﬁ@feﬁld:%h'ai m 3, wherein said buffer
conprising a reducing agent. 17 WD 00/ 50069 PCT/ US99/ 04063 6. The
conposition according to claim5, wherein said reducing agent is

dithiothreitol 7 7. The 4 44 .0 ding to claim3, wherein said 5
buffer conprises a netal chie‘i a}fljiln(%r1 ga?gcg%t;l.ﬁé%r?gﬁ% E@ﬁb‘as?ti yhesedsr giedgl t o
claimy, wbetf€enr sanghritRlialy ¢helati i t hyl enedi am net etraacetic
di sodium salt. 10 9. The corrposiati ocrril‘&&%%g?l(t% r‘;%et%g ‘claim 3, wherein said

buffer is a citrate-phosphate buffer. 10. The conposition according to
claim1l1, further 15 conprising a bactericidal or bacteriostatic agent as a

preservative. 8. The composition according to claim 7, wherein said

metal chelating agent is ethylenediaminetetraacetic disodium

salt.

10

9. The composition according to claim 3, wherein said

buffer is a citrate-phosphate buffer.

10. The composition according to c¢laim 1, further

15 comprising a bactericidal or bacteriostatic agent as a

preservative.

11. The composition according to claim 1, wherein said
lysine enzyme is lyophilized.
20
12. The composition according to claim 1, wherein said

carrier further comprises a sweetener.

13. The composition according to claim 1, wherein the
25 carrier provides a concentration of from about 100 to about
100,000 active enzyme units per milliliter of fluid in the

environment of nasal or oral passages.

18



11. The conposition according to claim1l1, wherein said |ysine enzyne is

| yophilized. 20 12. The conposition according to claim1, wherein said
carrier fwhbhhglesOmpri ses a sweetener. 13. The conposition, bdidey to
claiml1, wherein the 25 carrier provides a concentration O rom about 100
to about 100,000 active enzynme units per mlliliter of fluid in the

envi ronment of Thasal6r CBIMRPShEESREBSCOTS 1N DO/ 50868 PET| WBO9LDA0631d14.

The conpogi%éon acgording go cIaLn113 wherein said concentration is from
about 100°T3°EBbEEC 187060 SEPTVECRBHYyHEO GRi #BOBEr LAt PPPI AEbkvef ehkyind i n

the envir t ne- [ |l o al .passages. 5, 15. The conposition
accordingeﬁggglgg%1%?§%ggig?ﬁ géigiuﬁgnbgsgﬁ?oﬁnV§r9§@@nFnofﬂgh?héﬁﬁééutic
treatment,of o8t rgptaggecal infections. 10 16. The conposition according to
claim1, wherein said “conposition is used in the prophylactic treatnent of

streptococcal infections. 17. The conposition according to claim15,
wherein said 15 streptococcal infection is a streptococcal throat

infection. 1815The ThapeskpboNt 86605860831 RCLEI M 1 whergin, sald__carrier
is a candy. 20 19. The conposition according to claim 1, whérein sai

carrier isompochewiog gum used in the therapeutic treatment of

streptococcal infections.

10 16. The composition according to claim 1, wherein said

composition is wused in the prophylactic treatment of

streptococcal infections.

17. The composition according to claim 15, wherein said

15 streptococcal infection is a streptococcal throat infection.

18. The composition according to claim 1, wherein said

carrier is a candy.

20 19. The composition according to claim 1, wherein said

carrier is a chewing gum.

20. The composition according to claim 1, wherein said
carrier is a lozenge.21l. The composition according to claim

25 1, wherein said carrier is a troche.

21. The composition according to claim 1, wherein said

carrier is a troche.

19



20. The conposition according to claim11, wherein said carrier is a

| ozenge. 21. The conposition according to claim 25 1, wherein said carrier
isatro . The conposition according to claiml1, wh i i

carrier io‘g@a?mfgéogghe. 19 WO 00/ 50069 PCTI US99/ 04063 22. Tﬁl;e(?lt:fg%%@g&l}i on
according to claiml1, wherein said carrier is a powder. 23. The

conposi tion accor di g ¢ FHRA 5 B ot nlised do 5 leeim iler vl rami raevaoisdl .
24. The conposition accor(iji ng to claim1, wherein said carrier is a liquid
spray. 16°%25.*Sfhe"Tohpydi4%%on according to claim 1, wherein said carrier
is a nasal spray. 26. The conposition according to claim 1, wherein said
mammal 1s a human. 15 27. The conposition according to claim1, wherein
said carrier 48 sui I or..delivering said lysi.n .enzyne to the nputh
and throat . 2023;'8. 1'gebccgmt o{‘sijtc’zleloor{l accor ciilslr‘rn1 tté)ycq]rﬂlrﬂ T WSS Said
carrier i suidable forodeldyering said lysin enzyne to the nasal passage.
29. The conposition according to claim1, further 25 conprising at |east
one agent effective for the therapeutic or prophylactic treatnent of
streptococcal infections or alleviation of synptons thereof.

24, The composition according to claim 1, wherein said

carrier is a liquid spray.

10 25. The composition according to claim 1, wherein said

carrier is a nasal spray.

26. The composition according to claim 1, wherein said

mammal is a human.

15
27. The composition according to claim 1, wherein said
carrier is suitable for delivering said lysin enzyme to the
mouth and throat.
20 28. The composition according to claim 1, wherein said

carrier is suitable for delivering said lysin enzyme to the

nasal passage.

29. The composition according to claim 1, further
25 comprising at least one agent effective for the therapeutic or
prophylactic treatment of streptococcal infections or

alleviation of symptoms thereof.

20



20 WD 00/50069 PCT/US99/04063 30. A nethod of therapeutically or _
prophyl actically treating streptococcal infections conprising adm nistering

a conposybl k& accordance any one of clains 1-29 to a %9 Oj‘ 3)n_eed_
t her eof.igég?.gbobrﬂe use of Goup C streptococcal phage associa ad ysin in

t he manufacture of a pharmaceutical conposition according to any one of
clains 1-29. B0 -212A method of therapeutically or prophylactically
treating streptococcal infections comprising administering a

composition in accordance any one of claims 1-29 to a mammal

in need thereof.

5
31. The use of Group C streptococcal rhage associated
lysin in the manufacture of a pharmaceutical composition
according to any one of claims 1-29.
10
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