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(57) Abréegée/Abstract:

The present disclosure provides, In various embodiments, iImmunogenic mutants of cholesterol-dependent cytolysins, such as
pneumolysin, which have reduced hemolytic activity and reduced pore-forming activity in comparison to their wild type protein. The
present disclosure also provides, In various embodiments, nucleic acids which encode such mutants, and methods of the use of
such mutants.
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(87) Abstract: The present disclosure provides, in various embodiments, immunogenic mutants of cholesterol-dependent cytolysins,
such as pneumolysin, which have reduced hemolytic activity and reduced pore-forming activity in comparison to their wild type pro -
tein. The present disclosure also provides, in various embodiments, nucleic acids which encode such mutants, and methods of the
use of such mutants.
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PNEUMOLYSIN MUTANTS AND METHODS OF USE THEREQOF

CROSS REFERENCE TO RELATED APPLICATIONS/
INCORPORATION BY REFERENCE STATEMENT
LHUIEE This application ¢clamms benefyt under 35 USC § 119(¢) of UN Seral No. 62/082,348,

filed November 21, 2014, The entire contents of the above-refereonced application are cxpressly

incorporated hercin by reference.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

{3032 This mvention was made with government support under Contract Number AI337657
awarded by the National Institutes of Health (NIH). The government has certain rights in the

mvention.

BACKGROUND

{3003]  The cholesterol-dependent cytolysins (CDUs}y are a large family of pore-forming
toxins that are produced by more than 20 species from the genera Clostridium, Streprococcus,
Listeria, Bacillus, and Arcanobacterium. The pore-fornung mechanism of these toxins
cxhibits two hallmark characteristics: an absolute dependence on the presence of membrance
cholesterol and the formation of an extraordinarily large pore. Each CDC 1s produced as a
soluble monomernic protem that, with the exception of one member, 18 secreted by a type
secretion system. Upon encountering a cukarvotic cell, the CDCs undergo a transformation
from a soluble monomeric protein to 8 membrane-embedded supramolecular pore compiex.
The cooversion of the monomers to an oligomernic, membrang-mserted pore complex
requires some extraordinary changes i the structure of the monoraer,

{3004] Although the CD{Cs are well known as beta-hemolytic protemns, it has become
increasingly  apparent that bacterial pathogens use these proteins o much more
sophusticated ways than as simple hemolysins or gencral cell-lvtic agents, The CDC
structure also exhibits a plasticity that has allowed the evolution of unigue features for some
CD{s, without compronmusing the fundamental pore-forming mechanism. Some of these

features are reflected wn CDCs that activate complernent, that utilize a nonsterol receptor,
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that ¢xhibit a pH-sensitive, poreforming mechanism, or that can function as a protem

transiocation channel.

FHHUSY CDCs are B-sheet-nich, four-domam proteins. A highly conserved fryptophan-rich
undecapeptide 15 present in domain 4, which participates 1 the binding of some CDCs to
cholesterol-rich membranes, In addition, three other short hydrophobic loops (Loops L1, L2 and
L3} juxtaposed to the undecapeptide at the fip of domam 4 have been shown to also msert 1o
the meombrane surface and anchor the CDC to the membrane n a perpendicular oricntation.
Atter membrane binding, the CDC monomers diffuse laterally to initiate formation of the
membraneg oligomer.

{3006} Once the prepore complex reaches a large size, presumably a complete ning
structure, it then miakes the transition to the pore compiex. The transmembrane pore 1s
formmed when two g-helical bundles in domain 3 of each monomer within the prepore
complex are converted to two extended amphipathic transmembrane P-hawrpins {TMHs).
Upon the conversion of the prepore 1o the pore, the height of the prepore structure
undergoes a vertical collapse of about 40 Angstroms. The collapse of the prepore structure
brings the domain 3 TMHs within striking distance of the membrane surface, at which point
they undergo a concerted mnsertion mwnto the membrane that results m the formation of the
targe transmembrane P-barrel pore. The CDC pore 1s large: it 18 compnised of 35 to 50
monomers and exhibits a diameter of 250 t0 300 Angstroms.

(G007 Duning the process of the CDC monomer nteraction with the membrane, the
undecapeptide and the three other short loops (L1, L2, and L3} at the tip of the domamm 4 §3-
sandwich msert into the membrane upon the micraction of the CDC monomers with the
membrane surface. These loops do not penetrate deeply into the membrane and apparently do
not directly parficipate in the structure of the transmembrane pore. One function of the loops
appears 10 be 1o anchor the monomers to the membrane m an upright position. Domain 4 exists
i a perpendicular oricntation 1o the moembrane and i1s surrounded by the aqueous miliey, even
the oligomeric state.

G008 Domain 4 of the CDCs mediates membrane recognition, whether it 18 via cholesterol
or another receptor, as in the case of ILY {(Intermedilysing.

FHHE The CDCs are aiso capable of lysis of 8 wide variety of nucleated cell types in
vitro, and this capacity has 1w turn been used by many mvestigators to permeabilize various

cukaryotic ccll types with CIDCs. Despite the ability of these toxans to perform as general

celi-lytic agents in vifro, it has not yet been demonstrated that cell lysis is a primary
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tunction of the CDCs during an infection. The contribution of CDCs to infection has been
studied for example m Listeria monocytogenes, Strepfococcus pyogenes, Streplococcus
preumoniae, Arcanobacterium pyogenes, and Clostridium perfringens. The results of some of
these studics suggest that the bacteria use the CDCs in more sophisticated ways than as
oeneral cytolytic agents. It also appears that the CDO structure has undergone some unique

cvolutionary transtormations that facilitate the pathogenic mechanism of these bactenal

SPCCICS.
{3610 Streptococcus preumonice 18 an important agent of disease in humans, ¢specially

among mnfants, the elderly, persons with chronic iliness, and immunocompromised persons. [ is a
bacterium frequently 1solated {rom paticnts with 1nvasive diseases such as bacteremia/septicemia,
pncumonia, and meningitis with high morbidity and mortality throughout the world. Even with
appropriate antibiotic therapy, pncumococcal miections still result 1 many deaths. Although the
advent of antumicrobial drugs has reduced the overall mortality from puncumococcal disease, the
presence of resistant pncumococceal strains has become a major problem in the world today and

underscores the need {or treating and preventiing pneumococcal miection by methods i addifion

to antimicrobials, Effective pncumococcal vaccines could have a major impact on the morbidity
and mortality associated with S, preumoniae disease. Such vaccines would also potentially be
usctul to prevent ofitis media i miants and young children. New immunogenic pacumococcal
vaccines that provide long-term mmmunity are clearly needed, especially tor children aged less
than 2 years, because mewdence of disease 15 high and antibody responses to the polysacchande
vaceine anfigens are poor m this age group.

LHigY Each year i the United States, pneumococcal disease accounts tor an cstimated 3,000
cases of menmgitis, 54,000 cases of bacteremia, 300,000 cases of pncumonta, and 7 million cases
of otitis media.

001 21 Severe pneumococcal mdections result from disseounation of bactera to the
bloodstream and the central nervous system. In 1997, data from conununtty-based studics
indicated that overall annual icidence of pneumococcal bacteremia mn the United States was an
cstimated 15-30 cases per 100,000; the ratc was higher for persons aged greater than or equal 1o
63 years {50-83 cases per 10(,000) and for children aged less than or equal to 2 yvears (160 cases
per 100,000}, In adults, 607-87% of pncumococcal bacteremia was associated with pnoumona;
i voung children, the primary sites of mifection were frequently not sdentified.

(381 3} In the United States, the risk for acqguiring bacteremia 18 lower among white persons

than among persons 1 other racial/ethnic groups {(i.e., blacks, Alaskan Natives, and American
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indians). Black adulis have a threefold to fivefold higher overall mcidence of bacteremia (49-58
cases per 100,004) than whites. Rates of invasive pncumococcal disease are exceptionally high
among Alaskan Natives and Amencan Indians. The age-adjusted annual meidence of mnvasive
poncumoceccal mtection among Alaskan Natives and Alaskan Native children aged less than 2
years was determined by a prospective surveillance study to be 74 cases and 624 cases per
100,000, respectively. Rates for meningihis and bacieremie pneumonia are eightiold to tentold
higher for Alaskan Natives of all ages than for other U.S. population groups. The highost
incidence rates for any U.S. population have been reported among specific American Indian
groups {e¢.g., Apache). The overall annual mcidence for such groups 15 156 cases per 100,000 the
mcidence for children aged 1-2 vears in these groups s 2,396 cascs per 100,000

{3014} In the Unied States, the estimated overall annual mncidence of pncumococcal
meningitis is one to two cases per 10(,000. The incidence of pneumococcal menimngitis 18 highest
among children aged 6-24 months and persons aged greater than or gqual to 65 vears. Rates for
blacks are twice as high as those for whites and Hispamics., Because the madence of
Haemophilus infiluenzae type b {(Hib) meningitis in children rapidly decreased tollowing the
introduction of Hib conjugate vaccines, S. preumoniae has become the most commaon cause of
bacterial meningitis wn the United States {26},

381 S} Stramns of drug-resistant 8. preumoniae (DRSP) have become mereasingly common 1

5% of

A

the United States and in other parts of the world. In some areas, as many as .

“

pneumococcal 1selates have been reported to have mtermediate-level {mimamurn yohibitory
concentration (MIC) equal to 0.1-1.0 uyg/ml) or high-level (MIC greater than or cqual o 2
wo/mi} resistance to peniciilin, Many penicillin-resistant pneumococc: are also resistant to other
antimicrobial drugs (e.g., ervthromycin, trimethoprim-sulfamethoxazole, and extended-spectrum
cephalosporms ). High-level pemciibin resistance and multidrug resistance often complicate the
management of pneumococcal mtection and make choosing cmpiric antimicrobial therapy for
suspecied cases of meningitis, pneumonia, and otitis media increasmgly difficult. Treating
patients mtected with nonsusceptible organisms may require the use of cxpensive alternative
antimmicrobial agents and may result m prolonged hospualization and mereased medical costs,
The mmpact of antimicrobial resistance on mortality 18 not clearly defined. Emerging
antimicrobial resistance further emphasizes the need for preventing pneumococcal miections by
vaceination.

{301 6} The currently available pncumococcal vaccmes, PNEUMOVAX®Z3 (Merck & Co,,
inc., Kemilworth, N.J.) and PNU-IMMUNER23 {(Lederie-Praxis Biologicals, Pearl River, NY )},
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(s

include 23 puritied capsular polysacchande antigens of 8. pueumoniae (scrotypes 1, 2, 3, 4, 5,

6B, 7K, 8, 9N, 9V, 10A, 11A, 12F, 14, 158, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F). These

vaccines were licensed in the Unated States i 1983 and replaced an earlier 14-valent formulation
that was hcensed 1 1977, One dose (0.5 mi) of the 23-valent vaccmne contamns 25 ug of cach
capsular polysaccharide antigen dissolved n 1sotonic saline solution with phenol {0.25%) or
thimerosal ($.01%) added as preservative and no adjuvant. As of 1997, the 23 capsalar types in
the vaccine reprosented at least 85%-90% of the serotypes that cause mvasive pnoeumococcal
infections among children and adults m the United States. The six serotypes (68, 9V, 14, 19A,
19F, and 23F) that most frequently caused mvasive drug-resistant prneumococcal mfection m the
Unied States as of 1997 are represented 1o the 23-valent vaccine.  As noted below, the
desirabihity of a vaccine solely comprised of capsular polysaccharides 1s himited.

{3617} Prneumolysin i particular 18 a key component in the pathogenesis of streptococcal
pneumonia, which kills over a mthon bumans per year worldwide, The use of pncumolysin as a
part of a vaccme {or Streprococcus preumoniage lung miections and otitis media could provide
important benetits, since vaccmes based on the capsular polysaccharide are fosing effectiveness
due to genetic variation and are ditticult to generate, as there are more than 90 different capsular
serotypes of Strepiococcus preumoniae. The wvrnunity {0 one capsular type does not protect
against another capsular type. The currently avadable pncumococcal vaccme discussed above,
which compriscs 23 capsular polysaccharides {rom the strains that most {freguently cause diseasc,
has sygnifycant shortcomungs related primarily to the poor immuanogemceity of some capsular
polvsaccharides, the diversity of the serotypes and the ditferences m the distribution of serotvpes

over time, geographic areas, and age groups. Currently, a point mutation variant of pncumolysin

has been used for vaccine deveiopment. This pnecumolysin mutant (referred to as “Pd-B”7)

.

S
\

contains a single mutation at position 433 {(whereimn the native tryptophan residue has been
changed 10 4 phenyialanine), This mutation in poncumolysin 18 m the conserved undecapeptide of
Domain 4, the structure within the cholesteroi-dependent cytolysins {CDCs ) which had long been
thought to mediate binding to mammahan membranes.

{3018 While the pnecumolysin Pd-B mutant 18 conventionally used for vaccine developraent,
this protein is still able to undergo a variety of structural transiions that occur after binding {0 the
membrane of mammalian cells. These changes dramatically alter 1ts structure and may decrease
s ability to stimulate an effective neutrahizing yumune response 1 a patient, primarily because

S

the structure of pncumolysin that the patient’s mmmune system may “se¢” wiull be that of the

terminal celi-bound oligomeric complex mstead of the mitial structure of the soluble monomeric
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prneumolysin, More mmportantly, the current genctically toxonded pnoumolysin 18 still hampered
by an unacceptable level of toxicity. The basis for this toxicity 18 not vet clear, but hikely results
from the {act that this toxoid can still bind {0 and ohgomerize on mammahan cells.

({331 9] Therefore, mutants of cholesterol-dependent cvtolysins, such as {but not hnuted 10)
pncumolysin, which have reduced toxicity and reduced hemolvtic activity, yet which stimulate an

RIMURE response agamst corresponding discase organsms, would be of great benetfit,

BRIEF DESCRIPTION OF THE DRAWINGS

BO2 0] Several embodiments of the present disclosure are hereby dlustrated in the appended
drawings. It 15 10 be noted, however, that the appended drawings only sHlustrate several typical
cmbodiments and are thercfore not mfended to be considered limiting of the scope of the
disciosure. Further, in the appended drawings, like or wdentical reference numerals may be used
to 1dentify common or similar elements, and not all such clements may be so numbered. The
figures are not nocessantly to scale, and certan features and certamn views of the figures may be
shown exaggerated 1n scale or i schematic i the mterest of clarity and Concisoness.

{3021 ] Figures 1A-E contamn an amino acid alignment comparison of native amino acud
sequences of various cholesterol-dependent cytolysins. The amino acid sequences of each protem
wdentified herein correspond to the SEQ 1D NO’s 1 Table 1 herein; tor example, Cereolysin 1
Fig, 1A-E corresponds i SEQ 1D NO:Z in Table 1, and SEQ ID No:i8 {(PAF) i Table |
corresponds to Vindanolysin in Fig, 1A-E.

(60221 Figure 2 shows the crystal structure of ILY {(Intermedilysing and a companson of the
D4 crystal structures of ILY and PFO (Perfringolysin). Shown i (a) 18 a4 ribbon representation of
the crystal structure of ILY™ denoting the positions of various structures and residues referred to
i these studies. Shown in {(b) 1s an overlay of a ribbon representation of the D4 structures of ILY

23,24

and PFO based on the crystal structures of both protemns™ 7. Shown are the relative {ocations of

the undecapeptide tor both proteins and the L1-13 loops residucs of 1LY and PFO (the latter 1o
parentheses). The structural images were generated using VMD™ .
(G023 Figure 3 llustrates that the ILY wundecapeptide mserts into cholesterol-depleted

AASEO- L -
MY and derivatized with

moembranes. 1LY residue Ala-486 was mutated to a cystemne (1LY
NBD (iodoacctanudo-N, N -dimethyi-N-(7-nitrobenz-2-0xa-1,3~d1azolyl jethylene-diamine). The

| L _ | : AASECNED
fluorescence emission of the NBD was determined when 1LY

was mncubated alone (solid
line), with human red blood cells (hRBCs-dashed line), or with hRBCs depieted of cholesterol

{dottcd line).
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{0241 Figure 4 illustrates that foops L1, L2, and L3 of ILY do not msert into cholesterol-
depleted membranes. Each D4 loop residue known 10 nsert nto the membrane was substituted
for a cysteine and modified with NBD. TLY ™ () TLYMYNBY ), o TLY PP () was
mcubated alone (solid hine), with hRBCs {dashed ling), or with hRBCUs depleted of cholesterol
{(dotted line). Membrane cholesterol was then restored and the msertion of loops L1, L2, and L3
determined. TLY 500 (@), TLY ™M (o), or ILY VY () was incubated alone (solid

ime) or with cholestero! replete membrances (dashed line).

{3G25] Figure 5 shows that the L1-L3 loops mediate PFO binding to cholesterol-rich

Liposomes, {a) SPR analysis of the binding of native (solid hine} and NEM modified PFO {dashed
fine), (b) SPR analysis of the binding of native PFO (solid line), PFO™"Y (long dashed line),
PFOSY (short dashed line) and PFOY (dotted line).

{3026] Figure & illustrates that chemical modification of the PFO undecapeptide Cysteine
sulthydryl blocks the membrane msertion of the yndecapeptide tryptophans and conversion of the
prepore 1o pore. The merease 1n the mtrinsic fluoresconce cmussion of the PFO undecapeptide

20,21 N g .
“(a) The increase in

tryptophans has been used to measure their mserfion 1nto the membrane
the mtrinsic Hluorescence emission of the tryptophans i native PFO 1s shown as 1t moves from iis
soluble form (sohid bine) o its meombrane-bound state {(dashed bne). (b) The same experiment
shown i (a) was repeated with native PFO that had been moditied at Cys-45% with NEM.

{06271 Figure 7 shows the immunogenic response i mice mmmunized with a mutant

pneumolysin polypeptide and a wild-type pneumolysin then moculated with 8. preumoniae.

DETAILED DESCRIPTION

| BO28] Betore explaining at least one embodiment of the mventive concepts m detail by way
of exemplary drawings, experimentation, results, and laboratory procedures, i 1S {0 be
understood that the present disclosure 18 not limited 1o the details of composition, components,
and methods as set forth m the followmg description or ilustratcd 1 the drawings,
experimentation, and/or results. The present disclosure 1s capable of other embodiments or of
bemg practiced or carried out m various ways, As such, the language used heremn 1s mtended {0
be given the broadest possible scope and meaming, and the embodiments are meant to be
exomplary, not exhaustive. Also, 1t 18 10 be understood that the phraseology and terounology
cmploved herein 18 for the purpose of deseription and should not be regarded as limiting.

133291 Unless otherwise detined herein, scientific and technical terms used 1n the present

disciosure shall have the meanings that are commonly understood by those of ordinary skill 1o
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the art. Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular. Generally, nomenclatures utilized in connection with, and
techniques of, cell and tissue culture, molecular biology, and protein and oligo- or polynucleotide

chemustry and bhvbridization described herein are those well-known and commonly used m the

art. Standard technigques are used for recombinant DNA, oligonucicotide synthesis, and tissue
culture and transformation {¢.g., electroporation, lpofection).  Enzymatic reactions and
purification techmiques are porformed according to mamufactyrer’s specifications or as conumonly
accomplished 1n the art or as descrnibed herein. The foregomg techniques and procedures arg
generally pertormed according to conventional methods well known in the art and as described in
various general and more specific reforences that are ¢ited and discussed throughout the present
speciiication. See ¢.g., Green and Sambrook (Molecular Cloning: A Laboratory Manual (4th ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. (2012)) and Coligan ¢t al.
(Current Protocols m Immumology, Cuarrent Protocols, Wiley Interscience (19943, which are
cxpressly mncorporated heremn by reference. The nomenclatures utilized n connection with, and
the laboratory procedures and techniques of, analviical chemusiry, synthetic organic chemistiry,
and medicmal and pharmacecutical chemistry described herein are those well-known and
commonly used m the art.  Standard fechmgues are used tor chemucal syntheses, chemucal
analvses, pharmaceutical preparation, formulation, and delivery, and treatraent of patients,

G030 Al patents, published patent applications, and non-patent publications mentioned in
the present specification are mdicative of the level of skill of those skalied w the art 10 which the
present  disclosure pertamns. Al patents, pubhished patent applications, and non-patent
publications referenced in any portion of this application arc herein cxpressly incorporated by
reference in thewr entirety to the same extent as if cach mndividual patent or publication was
specifically and mdividually mdicated to be mcorporated by velerence. In particular, the entire
contents of the following patents and patent applications are hereby expressly meorporated herein
by reference: U.S. Serial No. 13/401,460, filed February 21, 2012; U.S. Serial No. 12/102,696,
filed Aprd 14, 2008, now U.S. Patent No. &,128,939, ssued March 6, 2012; UK. Serial No.
60/923,281, fled Apnil 13, 2007; and U.S. Seorial No, 62/0%82,848, filed Nov, 21, 2014,

3031 All of the compositions and/or methods described and/or otherwise contemplated
hercin can be made and executed without undue experimentation in light of the present
disclosure. Wihile the compositions and methods disclosed and/or otherwise contemplated heren
have been described m terms of particular embodiments, 1 will be apparent to those of skill in the

art that variations may be applied to the compositions and/or methods, and in the steps or i the
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sequence of steps of the methods, described or otherwise contemplated herein without departing
from the concept, spirit, and scope of the present disclosure. Al such similar substitutes and
modifications apparent 1o those skilled 1o the art are deemed 1o be withun the spirit, scope, and
concept of the mventive concepts as defined by the appended ¢laims,

G832 As utilized m accordance with the present disclosure, the following terms, uniess
otherwise mdicated, shall be understood to have the following meanings:

{38331 The use of the word “a” or “an” when used 1o conjunction with the torm “comprisimng”
in the claims and/or the specification may mean “one,” but it is also consistent with the meaning

&

of “one or more,” “at lcast one,” and “one or more than one.” The use of the term “or” in the
clatms 18 used to mean “and/or” unless explicitly mdicated to refer to alicrnatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers 1o
only altcrnatives and “and/or.” Throughout this application, the torm “about” 18 used to mdicate
that a value mciudes the mhberent varation of error for the device, the method being employed to
determine the value, or the varation that exasts among the study sabjects. For example but not
by way of limutation, when the term “about” 18 utilized, the designated value may vary by phus or
minus twelve percent, or eleven percent, or ten percent, or nine percent, or cight percent, or seven
percent, OfF SiX percent, or five percent, or four percent, or three percent, or two percent, Or one
percent.  The use of the term “at least one” will be understood 10 mciude one as well as any
quaniity more than one, mcluding but not hunued to, 2, 3, 4, 5, 10, 15, 26, 30, 408, 30, 100, eic.
The term “at feast one” may extend up to 100 or 1000 or more, depending on the term to which i
8 attached; wm addition, the quantities of 100/1000 are not to be consydered humting, as higher
hiuts may also produce satisfactory results, In addition, the usc of the torm “at least one of X, Y
and 27 will be understood to mclude X alone, Y alone, and 7 alone, as well as any combination
of X, Y and Z. The use of ordinal mumber terminology (e, “first,” “second,” “third,” “fourth,”
otc. ) 18 solely for the purpose of differentiating between two or more iterns and 18 not meant {0
unply any sequence or order or ynportance 1o ong item over another or any order of addition, for
cxampie.

3834 As used in this spectfication and clamm(s), the words “comprising” (and any form of
comprising, such 4s “comprise” and “‘comprises”}, “having” (and any form ot having, such 4s
“have” and “has™), “including” {and any form of mncluding, such as “mncludes” and “mclude™) or

4

“containing” {and any form of containing, such as “contains” and “contain”) are inchiusive or

open-ended and do not exclude additional, unrecited elements or method steps.
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{3835] The term “or combinations thereot” as used hercin refers to all permutations and

combinations of the listed items preceding the term. For example, “A, B, C, or combination:
~ombinations of the listed items preceding the term. For example, A, B, C, or combinations

thereol” 18 1ntended {0 mchude at least one of A, B, €, AB, AC, BC, or ABC, and if order 1
umportant 1 a particular context, also BA, CA, OB, CBA, BCA, ACB, BAC, or CAR.
Continuing with this example, expressly inchuded are combinations that contain repeats of one or

more itermn or term, such as BB, AAA, AAB, BBC, AAABCCCOC, CBBAAA, CABARE, and s0

torth. The skalled artisan will ynderstand that typically there 1¢ 1o hiout on the number of itoms
Or terms 1 any combination, uniess otherwise apparent from the context.

| 3836] Throughout the specification and claims, unless the context requires otherwise, the
terms "substantially® and "about™ wall be understood to not be himuted o the specific terms
qualified by these adjectives/adverbs, but will be understood to mdicate a value includes the
inherent varnation of crror for the device, the method bemng cmploved to determine the value
and/or the variation that exasts among study subjects. Thus, said terms allow for nunor variations
and/or deviations that do not result i a signiticant wopact thereto.  For example, 1 certain
instances the term “about” is used o indicate that a value inchudes the inherent vanation of crror
tor the device, the method being employed to determine the value and/or the varnation that exists
among study subjects, Similarly, the term “substantially” may also relate 0 80% or higher, such
as 5% or higher, or Y0% or higher, or 5% or higher, or Y99 or higher, and the hike.

{3837 The terms “purified protein” or “isolated protein” as used herein mean that the protemn
or fragment 1s suthciently free of contaminants or cell components with which the protemn
normally occurs as to distinguish the protemn from the contamnants or cell components. It 18 not
conternplated that "purified” necessitates having a preparation that 18 technically totally pure
(homosgeneous), but purificd as used hercin means the protein or polvpeptide fragment is
sufficiently separated from contaminants or cell components with which it normally occurs 1o
provide the protemn i a state where i can be used 1 an assay, such as ymmunoprecipitation or
ELISA. For example, the purtiied protein can be in an eloctrophoretic gel.

(G038 The term "muutant” when used herein to deseribe a polypeptide refers 10 a polypeptide
which 18 fess than 100% identical t0 an anmuno acid sequence of the corresponding wild type
(native) polypeptide, and in particular to a synthetic or recombinant polypeptide wherein one or
more amine acid residue posttions of the wild type polypeptide have been substituied. The term
"variant” may be used mterchangeably with the term "mutant.”

[3039] The mutant CDCs  described hercin may be combmed with one or more

pharmaceutically-acceptable excipients, including carners, vehicles, and diluents, to form
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immunogenic compositions.  The term pharmaceutically-accepitable excipient as used hercin 18
ittended to refer {0 solvents or other materials i which the mutant CDCs (e.g., mutant
poncumolysin polypeptides) disclosed herein can be disposed to improve solubihty, deliverabiity,
dispersion, stability, and/or conformational integrity.  Examples of such pharmaccufically-
acceptable excipients mclude, but are not hmded to, water, saline solutions {such as
physiological salme sohutions and buffered saline solutions at neutral pH such as phosphate
butfered saline (PBS)), ethanol, sugars, dexirose, ghycerol, and/or polyaicohols (such as mannitol
and sorbitol). Other types of carriers mclude hiposomes or polymers and the hike.

3840 The term "pharmaceutically acceptable” refers to a material that 18 not biologically or
otherwise undesirable, 1.¢., the material may be admnistered to an mdividual along with the
selected compound without causing any undesirable biological ctfects or interacting in an
undesirable manner with any of the other components of the pharmaceutical composition in
which 1t 1s contained.

{50411 The mutant CDCs or tmmunogenic compositions containing sawd mutant CDCs may
turther be combined with an adjuvant such as (but not limited o) Freund's mcomplete adjuvant,
Freund's Complete adjuvant, alum, monophosphoryl hipid A, alum phosphate or hydroxide, QS-
2k, salts, w1e., AIK(BOs)», AINaSO4), AINH4(S0.):, silica, kaolim, and/or carbon
polyvnucleotides (1.¢., poly IC and poly AU Non-himating examples of adjuvants mclude QuilA,
Alhydrogel, and the like. The term "adjuvant” refers 0 a substance that 1s capable of enhancing,
accelerating, or prolonging an wvrpune response when give with the wmmunogen of the
composifion. Optionally, the mutant CDCs contemplated heremn can be combined with
immunomodulators gnd imununostimulants, such as but not fimuted to, imntericukins, interfoerons,
and the like. Many vaccine and other pharmaceutical fornmulations are known to those of skall m
the art.

(3042 ] By “biologically active” 18 meant the ability to modify the physiological systenm of an
orgamism. A molecule can be biologically active through s own tunctionalitics, or may be
biologically active based on its ability to activate or mnbit molecules having their own biclogical
activity,

{33431 The torm “mmmunogenic’ where used herein 18 intended to refer to the ability of g
substance (o chlicit an mmune response. For example, an “mmmunogenic composition” 18 a
composition comprising a mutant CDC, such as a mutant pneumolysin polypeptide, which 13 able
to chicit an ymmune response 1 a subject anumal, such as the production of antibodies, when

admimistered  thereto. The term “vaccing” refers 10 an  mmmunogenic composiiion  for
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administration to a subject for eliciiing an imumune response agamst a particular antigen. For
example, a vaccine comprising one or more of the mutant pncumolysin polypeptides disclosed
heremn 15 a vaccinge for use 1n the freatment of a disease or condition caused by the bacterium
SIreptococCts punewmoniae,

(3844 The term “patient” or “subject” as used herein inchudes human and vetermary
subjects.  "Mammal” {for purposes of treatment refers to any anmmal ¢lassified as a mammal,
imcluding (but not limtted to) humans, domestic amimals (such as, but not mited 1o, dogs and
cats), farm animals (such as, but not himited to, cows, horses, pigs, goats, and sheep), laboratory
animals {such as, but not limited to, mice, rats, rabbits, guinea pigs, and chinchillas), nonhuman
prumates, and any other animal that has mammary tissue.

{3045} "Treatment” refers to both therapeutic {rcatment and prophviactic or preventative
measures. Those i need of treatment mnclude, but are not limited to, individuals alrcady having a
particular condition or disorder as well as mdwiduals who are at risk of acquirmg a particular
condition or disorder {(¢.g., those nceding prophylactic/preventative measures).  The term
“treating”  refers 0 administering  an agent to a  patient  for therapeutic  and/or
prophylactic/preventative purposes.

{3346} A "therapeutic composition” or “pharmaceutical composition” refers {0 an agent that
may be admiunustered {7 vivo 10 bring about a therapeutic and/or prophylactic/preventative offect.
3847 The phrase “adminisiering a therapeutically effective amount” or “adminisiering a
prophylactically effective amount” 18 mtended to provide a therapeutic benetit mn the treatment,
reduction m occurrence, prevention, or management of a disease. The specific amount that 1s
therapeutically ettective can be readily determined by the ordinary medical practitioner, and can
vary depending on factors known i the art, such as the type of discase/cancer, the patient's
history and age, the stage of disease, and the co-admumstration of other agents.

(048] A Mdisorder” 18 any condition that would benetit from treatmuent with the polypeptide.
This mcludes chronic and acute disorders or diseasces mcluding those pathological conditions
which predispose the mammal to the disorder i guestion.

{3345 The term “therapeutically cttective amount” refers to an amount of a biologically
active molecule or conjugate or derivative thereof sutficient to cxhibit a desired therapeutic ctfect
without undue adverse side effects (such as toxicity, smitation and allergic response)
commensuarate with a reasonable benelit/risk ratio when used wn the mannper of the mventive
concepts.  The therapeutic effect may mclude, for example but not by way of hnutation,

mhibiting the growth of undesired tissue or mahlignant cells. The effective amount for a subject
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will depend upon the type of subject, the subject’s size and health, the nature and seventy of the
condition to be treated, the method of admunistration, the duration of freatment, the nature of
concurrent therapy (f any), the specific formulations employed, and the bike. Thus, it 18 not
possible to specity an exact effective amount in advance. However, the eftective amount for a
given sttuation c¢an be determined by one of ordinary skill in the art using routine
experimentation based on the miormation provided herein,

(G50 As used hercin, the term “concurrent therapy” 18 used micrchangeably with the torms
“combination therapy” and “adjunct therapy,” and will be understood to mean that the patient in
necd of treatment s treated or given another drug for the disease i conjunction with the
pharmaceutical compositions of the present disclosure.  This concurrent therapy can be
sequential therapy, where the patient 18 treated first with one drug and then the other, or the two
drugs are given simultancously.

{3051 The terms “admunistration” and “admymstening,” as used herein will be understood o
include all routes of admunistration known wm the art, mchuding but not himiated to, oral, topical,
transdermal, parenicral, subcutancous, intranasal, mucosal, intramuscular, infraperiioncal,
intravitreal and intravenous routes, mcluding both local and systemic applications. In addition,
the compositions of the present disclosure (and/or the methods of admimstration of same) may be
designed to provide delaved, controlled or sustained release using formulation technigues which
are well known 1n the art,

% ¢4

G052 The terms “substitution,” “1nsertion,” “addition,” and “deletion” are used herein with
reforence to anuno acid or nucleotide sequences. A “substiution” refers to a replacement of one
or more nucleotides or aming acids by different nucleotides or amuno acids, respectively.  An
“msertion” or “addition” 18 that change in a nucleotide or amino acid sequence which has
resulted 1o the addiion of one or more nucleotides or amuno acid reswdues, respectively, as
comparced 1o the naturally occurring sequence., A “deletion” 18 detined as a change i either
nucleotide or amuno acid sequence in which one or more nucleotides or amuno acid residues,
respectively, are absent.

LLUSRY Ammo acid substitutions are typically of single residucs; mscrtions usually will be on

the order of from about 1 to 20 apuno acids, although considerably larger msertions may be

tolerated. Deletions range from about 1 {0 about 20 residucs, although in some cases deletions

may be much larger.
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LHIREY Substitutions, deletions, insertions, or any combination thercof may be used {0 amrive

at a fimal mutant polypeptide. Generally, a few amino acids are changed to minimize the
alteration of the molecule. However, farger changes may be tolerated 1 certain circumstances.
{3USS] fn certain embodumnents, amino acid substitutions can be the result of replacing one
amino acid with another amino acid having similar structural and/or chemical properties, such as
the replacement of an isoleucine with g valing, 1.¢., conservalive ammo acid replacements.
insertions or deletions may optionally be m the range of 1 10 § amino acuds.

{33561 in embodunents, substitutions can be made 1 accordance with known “conservative

22

substitutions.” A “conservative substitution” refers to the substitution of an amino acid 1 one
class by an amino acid in the same class, where a class 15 defined by common physicochemical
amino acid side cham properties and high substitution frequencics in homaologous proteins found
i nature.

LHE=NE In contrast, m certamn embodiments, substitutions are non-conservative. A “non-
conservative substitution” refers to the substitution of an ammo acid i one class with an ammno
acid from another class.

LHESYS The term “polypeplide” as used heren refers to a2 compound made up of a single
chain of amno acid residues hnked by peptide bonds. The term “protein” as used heremn may be
synonvmous with the term “polypeptide” or may refer, i addition, 1o a complex of two or more
polypeptides.

{BG59 The term “nucleic acid molecuie” mcludes RNA, DNA and ¢cDNA molecules. It will

be understood that, as a rosult of the degeneracy of the genetic code, a muliitude of nucleouide
sequences encoding a given mutant CDC protein may be produced. The present disclosure
includes every possible variant nucleotide sequence thereof, all of which are possible given the
degencracy of the genetic code.

{3060 A “heterologous” nucleic acid construct or seguence has a portion of thereof which 18
not native to the cell in which 1t 1s expressed. The term “heterolosous,” with respect to a controd
sequence, refers 1o a control sequence {(i.¢., promoter or enhancer) that does not function wn
nature 10 regulate the same gene the oxpression of wihuch it 18 currently regulating.  Generally,
heterologous nucleic acid sequences are not endogenous to the cell or are not part of the genome
i which they are present; rather, the heterologous sequences have been added to the cell, such as
by mfechion, transtection, transtormation, micromjection, electroporation, or the like. A

“heterologous”™ nuclewe acid construct may confain a control sequence/DMNA coding sequence
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combination that is the same as, or differcnt from, a control sequence/DNA coding seguence
combination found in the native cell.

30361} As used herein, the term “vector” refers 10 2 nucleie acid construct designed for
transicr between diffcrent host cells. An “oxpression vector” refers 10 a vector that has the abihity
to meorporate and express heterglogous DNA {fragments in a foreign cell. Many prokaryotic and
cukarvotic expression vectors are commercially available. Sclection of appropriate expression

vectors 18 within the knowledge ot those having skill i the art.

{ {

{3362 ] Accordingly, an "expression cassetic” or "expression vector” 1S a nucleic acud
construct generated recombmmantly or synthetically, with a sertes of specified nucleic acid
clements that permmt transcription of a particular nucleic acid m a target ¢ell. The recombinant
cxpression cassetie can be mcorporated mto a plasmid, chromosome, mitochondrial DNA, plastid
DNA, virus, or nucleic acid fragment. Typically, the recombinant expression cassette portion of
an expression vector includes, among other sequences, a nucleie acid sequence 1o be transcribed
and a promoter,

LHER] As used herem, the term "plasnud” refers to a circular double-stranded {ds) DNA
construct used as a cloning vector, and which forms an extrachromosomal self-replicating genetic
clement m many baciena and some cukaryotes,

13064} As used heren, the term "selectable marker-encoding nucleotide sequence” refers to a
nucieotide sequence which 18 capable of expression m cellis and where expression of the
seloctable marker conders to cells contamning the expressed gene the ability 0 grow mn the
presence of a corresponding selective agent, or under corresponding selective growth conditions.
{3065 As used herein, the term "promoter” refers 10 a nucicic acid sequence that functions to
direct transcription of a downstream gene. The promoter will generally be appropriate to the host
cell wn whach the target gene 1s beng expressed. The promoter, together with other transcriptional

H

and translational regulatory nucleic acid sequences (also termed "control sequences”), s
necessary 1o express a given gene. In general, the transcriptional and translational regulatory
sequences include, but are not huted to, promoter sequences, ribosomal binding sites,
transcriptional start and stop sequences, translational start and stop sequences, and enhancer or
activator sequences.

| 3866] The terms "chimeric gene” or "heterologous nucleic aciud construct,” as utilized
heren, reter (0 a non-native gene {1.¢., one that has been mntroduced mto a host) that may be
composed of parts of different genes, mcluding regulatory clements, A chumerne gene construct

for transtormation of a host cell 18 typically composed of a transceniptional regulatory region
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(promoter)} operably linked {0 a heterologous protein coding sequence, or, 1o a selectable marker
chimeric gene, 10 a selectable marker gene encoding a protein conicrring antibiolic resistance to
transformed cells. A typical chimenic gene of the present disclosure, for transformation mto a
host ¢cell, mcludes g franscriptional regulatory region that 18 constitutive or inducible, a protein
coding sequence, and a terminator sequence. A chimeric gene construct may also mclude a
second DNA sequence encoding a signal peptide if secretion of the target protein 18 deswred.
{867 A nucleie acud 15 "operably hinked” when i 18 placed into a functional relationship
with another nucleic acid sequence. For cxample, DNA cncoding g secretory leader 18 operably
linked to DNA {or a polypeptide if 1t 15 expressed as a preprotein that participates in the secretion
ot the polypeptide; a promoter or enhancer 18 operably hinked {0 a coding sequence 1if it atfects
the transcription of the sequence; or a ribosome binding site 18 operably hinked to g coding
sequence if it 18 posttioned so as o facilitate translation. Generally, "operably linked"” means that
the DNA sequences bemng linked are countiguous, and, 1o the case of a secrelory leader,
contiguous and 1 reading frame. However, enhancers do not have 1o be contiguous. Linking 1s
accomplished by ligation at convenient restriction sies. H such sites do not exist, the synthetic
oligonucleotide adaptors, linkers or primers for PCR are used m accordance with conventional
practice.

3068} As used herein, the torm "gene” means the segment of DNA nvelved 1o producing a
polvpeptide chamn, that may or may not inchude regions preceding and tollowing the coding
regron, €.g. 3 untransiated (3" UTR) or "leader” sequences and 37 UTR or "trasler” sequences, as
well as mtervening sequences (ntrons) between mdividual coding segments (exons).

Y As used herein, the term "recombimmant” includes reference to a cell or vector that has
been modified by the mtroduction of a heterologous mucleic acid sequence; n addition, the term
“recombinant” can also refer to a cell that 1s derved from a cell so moditied. Thus, for example,
recombinant cells express genes that are not found m wdentical form withun the native (non-
recombinant) form of the cell or express native genes that are otherwise abnormally expressed,
under expressed, or not expressed at all as a vesult of dehiberate huoman mtervenfion.

G773 As used herein, the terms Mranstormed,” "stably transtormed,” or "ransgenie,” with
reference to a cell, means the cell has a non-native {heterologous) nucleic acid sequence
integrated nto its genome or has an copisomal plasmud that 18 maintained through multiple

generations.,
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{3871 As used heremn, the term "expression” refers to the process by which a polypeptide 1s
produced based on the nucleic acid sequence of a gene. The process mchudes both transcription
and translation.

(8721 The torm Mmntroduced,” 1n the context of mseriing 4 nucleic acud sequence mto a ¢ell,
refers to any method of insertion of a mucleic acid sequence into a cell, mcluding but not limited
to, "transfection,” "trapsformation,” and/or "transduction” methods. The term “introduced” also
inciudes reference 1o the incorporation of a nucicic acud sequence mio 4 cukaryolic or prokaryotic
coll where the nucleic acid sequence may be wcorporated into the genome of the cell (for
example, chromosome, plasmmd, plastid, or miutochondrial DNA), converted into an autonomous
replicon, or transiently expressed (for example, transtected mRNA).

{387 3] Turning now 1o the prosent disclosure, certain embodiments are directed 10
COMpOosItions COMPIISING one or more non-toxic mutants ot cholesterol-dependent cytolysins
(CDCs). The composiions may be used, for example, m vaccines directed agamst corresponding
discase pathogens, or may be used mn diagnostic or screcning rocthods or other analvtical
methods such as detection methods.

{387 4] The organisms which produce the native forms of the CDCs have various pathological
clfects, meluding but not himrted o those histed below,

(387 S} Clostridium perfringens 18 a causative agent of various human and animal discases,
often characterized by cnterotoxemia or soft tissue mioctions such as gas gangrene.
Experimental evidence suggests a role for perfningolysin O blunting the wmmune response by
affocting neutrophi function,

{30761 Bacillus cereus {source of Cercolysin O) 15 an infrequent cause of scrious
nongastromntestinal mfection, particularly mn drug addicts, the mmmunosuppressed, neonates, and
postsurgical patients, especially when prosthetic implants such as ventricular shunts are mserted.
Ccular mfections are the commonest types of severe mfoction, including endophthalnutis,
anophthalmitis, and keratitis, usually with the characteristic formation of corneal ring abscesses.
{60771 Bacilius alvei can cause endophthalmitis and way cause pneumoma and empyema.
{078 Streptococcus dysgalactiae subsp. eguisimilis has been shown 1o be mvolved 1 many
different types of human disease syndromes.

{3879 Streptococcus canis typically causes disease mn animals, primartdy dogs. It can cause
disease 1n humans, most often soft fissue onfections, bacterermia, urnnary mfections, bone

mfections or pneumonia,
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{3O80 Streptococcus causes a variety of diseases imcluding strep throat, rheumatic fover, soft
tissue mfections {(1.¢., the fleshing cating bacteria), and many others. Streptolysin O has been

shown to be a major pathogenic factor i many of these diseases.

(3081 ] Tetanolysin 18 produced by Clostridium tetanus that 18 the cause of tetanus.
G082 Listeria tvanovii 1s an miection of animals and primarily causes abortion i sheep.
LLERY Listeria monocyiogenes causes food borne iliness in humans; the most severe food

bome illness caused thereby 1s 4 monmngitis, It 18 especially problematic for pregnant wormen
where the mfection may be subclinical in the mother but fatal for the fetus. Listeriolysin 15 a
critical pathogenic factor for these diseases, without 1t the bactermum 1s avirulent.

3841 Strepiococcus suis 18 a ¢ause of septicenua, meningitis, endocarditis, arthritis and,
occasionally, other infections mn pigs, and 18 mcreasingly a probiem m humans, more and more
outbreaks are being reported with svmptoms that include high fever, malaise, nausca and
vomting, followed by nervous symptoms, subcutancous hemorrhage, septic shock and coma.
{085 _erfain embodiments of the present disclosure provide non-toxic mutanis of native

(wild type) pncumolysin ("PLY;” SEQ 1D NO:1) of 8. preumoniae {encoded by mutants of SE(

i NO:20). These PLY mutants exiubit several potential advantages over the pacumolysin
mutant (Pd-B) which has previcusly been used for vaccine development, particularly m that they
substantially lack hemolvtic activity 1n comparison to the wild type PLY proteimn. For example,
the PLY mutants of the present disclosure lack the ability to bind to mammalian membranes, and
thus will not undergo any of the structural changes that normally result when the wild type PLY
toxin binds 10 the membrane (as does the Pd-B mutant (Trpd33Phe) described above).

LY In certain non-luniting embodiments, the present disclosure includes pneumolysin

mutants wherein at least one amino acid of posttions 293 and 294 (of SEQ 1D NQG:1), and at least
one aming acid at posttions 438, 459, and 460, have been substituted with a different amino acid
than tound 1 the wild-type PLY sequence (SEQ ID NO: 1), More particularly, cither or both of
the ¢ly residucs at posttions 293 and 294 can be substituted with an amine acid having a sude
chain, mchuding but not hmited {o ala, ley, ile, val, pro, trp, asn, gin, phe, tyr, met, cys, thr, ser,
asp, ghy, arg, his, and lys, Further, either or both of the thr residuces at positions 458 and 459 can
be substituted with gly, ala, leu, ue, val, pro, trp, asn, gin, phe, tyr, met, cvs, ser, asp, ¢lu, arg, his,
and lys. Farther, the leu residue at position 460 can be substituted with gly, ala, tle, val, pro, trp,
asn, gin, phe, tyr, met, ¢cys, thr, ser, asp, gly, arg, his, and Iys. For example, i one non-hmuting
cmbodiment, the glycine at posifion 293 has been replaced with one of ala, leu, ile, val, pro, tip,

asn, gin, phe, tyr, met, cys, thy, ser, asp, ghu, arg, his, and iys, and the leucine at position 46{) has
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been replaced with one of gly, ala, ile, val, pro, trp, asn, gin, phe, tyr, met, cys, thr, ser, asp, ghy,
arg, his, and lys. In particular non-limiting embodiments of a mutant pneuomeolysin, at lcast one
of the glycine residues at positions 293 and 294 has been mutated {0 a serine or threonine residue,
and at {cast one of the threonine, threonune, and leucine residucs at positions 458, 459, and 460,
respectively, has been mutated to an aspartate, asparagine, or glutamate residue. For example,
when position 293 has been mutated to a serine, and the leucine at position 460 has been mutated
to  an aspartate, the poneumolvsin mutant 18 designated PLY-G2935/14600 (or PLY-
L460D/(G2938); the amino acid sequence thereof 1s provided as SEQ D NO:40. In alicmnate
non-limiting embodiments, posttion 400 can be substituted with D, E or N, and position 293 can
be substituted with S or T such that the double mutant may comprise a B, E, or N at position 46{
and an S or T at position 293,

{3087 ] in addition to mutants of pneumolysin, the present disclosure provides mutants of
other CDCs which have substitations m analogous positions i Loop 1, Loop 2 and/or Loop 3 of
Pomamn 4, imiuding mutants of Cereolvsin (Bacillus cereus), Anthrolysmn (Bacillus anthracis),
Thurmgiolysin (Bacilius thuringiensis), Pertringolysin (Clostridium perfringens), Alveolysin
(Bacillus alvel), Caniolysin {Strepiococcus canis), Equisimilysin (Sfreptococcus eguisimilis),
Streptolysin O (Sfreptococcus pyogenes), Tetanolysm {(Clostridium tetaniy, Ivanolysin {(Listeria
ivanoviiy, Lastenwolysin (Lisferia monocyiogenes), Sechgenolysin (Listeria seeligeri), Suilysin
(Streptococcus suisy, Mitilysin (Sfreptococcus mitis), Platelet aggregation factor {a.k.a. PAF and
Virdanolvsin) (Streprococcus mitis), Intermedilysin (Strepfococeus intermedius), Pyolysin
(Arcancbacterium pyvogenes), and Novviolysin, aka., tctanolysin NT (Clostridium novyi),

{3088 Wild-type amino aciud sequences of Cereolysin, Anthrolysin, Thuringiolysin, (a.k.a.
Thuringolysin or Cereolysin torm BT), Perfrmgolysin, Alveolysin, Caniolysin, Equsimilysin,
Streptolysin O, Novyiolysin, Tetanolysin, Ivanolysin, Listeniolysin, Sechigeriolysin, Suslysin,
Mitilysin, Intermedilysin, Platelet aggrogation factor {(a.ka. Virdanolysin or PAF), and Pyolysin
are shown in SEQ 1D KO:Z, SEQ 1D NO:3, SEQ ID NOG4, SEQ 1D NO:S, SEQ 1D KRO:6, SEQ
iD NOT, SEQ 1D NOGE, SEQ D NGO, SEQ ID NO: 1O, SEQ D NO: 1, SEQ 1D NO: 12, SEQ
1D NO:13, SEQ D NO:14, SEQ 11D NGS5, SEQ ID NO:16, SEQ D NO:17, SEQ 1D NO:I§,
and SEQ 1D NG:19, respectively.

B89 Another embodiment of the present disclosure 18 directed 0 a mutant of Streptolysin
(O comprising substitutions n at least one of positions 561 and 562 and 1o at least one of positions
395 and 296 of SEQ I3 NO:Y and which 1s at least 909% wdentical to the wild type Streptolysin O

protein. The substitutions in positions 561 and 562 may be any substitution described hercin that
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can be made m positions 458-460 of PLY (SE(Q ID NO: 1), and the substitutions in positions 395
and 396 may be any substitution described hercin that can be made in positions 293 or 294 of
PLY.

{3890 A vanant of SEQ 1D NO: IS (Platelet Aggregation Factor) which can also be mutated
in accordance with the present disclosure 18 Lectinolysin, which 15 also obtained from
Streptococcus mitis.  The amino acid sequences of L1, L2 and L3 are the same as PAF,
Lectinolysin differs from PAF at 12 posttions, mchuding 67, 158, 211, 303, 305-307, 311, 319,
327, 447, and 536 wherem i Lecmolysin the apuno acids at these posttions are T, D, T, H, E, N,
K, N, E, K, Tand I, respectively. The present disclosure thus mncludes mutants of Lectinolysin
which are simidar to those of the other mutants contomplated heremn, and nucleic acids encoding
these mutants, and compositions comprising these mutants.

{3091} The pneumolysin mutants contemplated herein also climinate any 1oxic activity of the
toxin, simce they cannot bind 10 mammahan cells.  Although the poneumolysin mutant Pd-B s
about 21,000 tumes less toxic than native pneumolysin, it still exhubits sutficient toxicity to be
problematic in the development of any vaccines that mnclude it It appears that modern vaccing
development against 8. preumoniae 1s centered on using pneumolysin with other 8. preumoniae
derived proteins; thus 1t appears that regardiess of the other protemns used 1 the vaccmne, a
pancumolysin will be mcluded m all effechive vaccines agamst 8. preumonice because of its
importance to disease establishment and progression.

(G082 As described below, it 18 shown in periringolysin, a toxin related to pneumolysin, that
the undecapeptide of the protein does nof mediate binding of those toxins to the mammalian cell,
contrary 1o the conventional wisdom. The structures that do mediate binding are three short
hydrophobic loops that are juxtaposed to the undecapeptide. As part of the present disclosure, it
s now known that if a8 negatively charged aspartate or glutamate residoe (for example) s placed
within any smgle hydrophobic loop (in a position not alrcadv comprising an aspartaic or
ghitamate), binding of the CDC o the membrane 1s blocked. Hence, this single point mutation
chimmnates inding of the CDCs, mwcluding pneumnolysin, to mammalian membranes,  For
cxample, a single asparate or glufamate residue substifuted for lecucine 460 of pncumolysin
virtually completely abrogates its hemolytic activity. Since it 18 known in other sysioms
{described below) that this mutation blocks binding to the membrane of cells, it substantially
chiminates any toxic activity {(making it at least 200 times less toxac than the PdA-B mutant for
cxampie), but also climinates any possible side effects that mught be caused by its binding 1o the

surface of mammalian membranes,
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LHERY In certain embodiments, the mutant pncumolysins of the present disclosure lack the

hemolytic activity and the pore-forming ability present i a naturally occurring 8. preumoniae
pocumolysin protem.  Generally, the polypeptide component exhibits less than about 30%, less
than about 20%, less than about 109, less than about 3%, less than about 1%, less than about
0.1%, less than about 0.001%, or less of the hemolvtic activity of a naturally occurring 8.
prewmoniae pneumoelysin protein.

{004 In certain embodiments, the mufant pncumolysims of the present disclosure have

substitutions 1 onc or more of three residues that flank either side of posttions 293, 3740, 406 or
460, inchuding positions 280, 291, 292, 294, 295, 296, 367, 368§, 369, 371, 372, 373, 403, 404,
405, 407, 408, 409, 457, 438, 459, 461, 462, and 463,

{3395] For example, these residues may be substituted with a negatively-charged amino acid,
olutamate, or aspartate (except m position 403, which already comprisgs aspariate), or a
positively charged amuno acid lysine, arginime, or histichne {(except 1 positions 367 and 407,
which already comprise histidine residues). Alternatively, these residues may be substituted with
any other natural anuno acid (mcluding gly, ala, leu, ie, val, pro, trp, asn, gin, phe, tyr, met, ¢ys,
thr, or ser) which abrogates the binding activily, pore-forming, and/or hemolytic activity of the
motant.

{3896} As noted above, the ammno acid sequence for wild type pneumolysin 1s SEQ 1D NO:1,

and the reverse complement of the ¢DBNA which encodes the pnecumolysin of SEQ 1D NO:1 15

shown as SEQ ID NO:20.  The present disclosure further nchudes ¢DNAs of mutant
pneumalysins (and reverse complements thercot) and other mutant CDCs described heremn which
arc substituted as necessary to encode the substituted proteins (mutants) described or otherwise
enabled herein, and may 10 turh comprise any conservative base (mucleotide) substitution to make
cDNAS which encode such mutants.

{3397 ft wil be appreciated that the polviucleotide seguences which encode the
polvpeptides contemplated herein may be alicred with degenerate codons yet still encode the
mtant polypeptides of the present disclosure.  Accordimngly, the present disclosure further
provides polynucleotides which hybridize to the polvnucleotide sequences deseribed heremn (or
the complementary sequences thereot) having at least 90% 1dentity between seguences, or at icast
95% 1dentity, or at least 99Y% identity,

LB Figures 1A through 1E show an ahignment of the amino acid sequences of the native
versions of the CDCs identitied herem. The sequences are aligned along the three hydrophobic

loops corresponding o positions 367-373 (second loop, L2), 403-409 (third loop, L3} and 457-
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463 (fwrst loop, L1) of pncumolysin, represented m Fig. 1A-E as positions 586-3892 (second loop,
L2}, 622-628 (third ioop, L3), and 676-632 (first foop, L1}, As noted above, certain particular
(but non-limiting) embodiments of the mutants of these CDCs may comprise substitutions at one
or more of these positions by the negativelv-charged amino acids, glutamic acid, or aspartic acid
(except wherein the position already has an aspartic acid), or by the positively-charged amino
acids histiding, lysmne, or arginine {except by a histidine where the position already has a
hisfiding, by a lysine where the position already has a lysine, or by an argirmune where the position
already has an argmine) or by any of the other 15 natural amino acids noted above wherein the
resulting mutant functions i accordance with the present disclosure.

{399 The mutants may turther comprise more than one of the substitutions described herein
such that the mutant has 1, 2, 3, 4, 5, 6, or 7 substituted resudues m a sigle loop (L1, L2, L3}, or
the mutant may have one or more (1 to 7) substituted residucs i two of the loops {e.¢., L1 and
L2, L1 and L3, L2 and L3}, or one or more substituted residues (1 10 7) i each of the three loops
(L1, 1.2, and L3), wherein the substitutions are selocted from those Listed heremn; for example, the
mutant may have 1 to 7 substitutions in the first loop (L1}, and/or 1 t0 7 substitutions in the
second loop (L2}, and/or 1 10 7 substitutions in the third loop (L3}, For example, in certain
cmbodiments, where the native residue 18 positively-charged, the substituted residue may be
negativelv-charged, and where the native residue 18 negatively-charged, the substituted residue
may be positively charged. Alternatively, aspartate may be substituted with glutamate, histidine,
argining, or lysme, or glulamate way be substituted with aspartate, lysine, hstidhne, or
asparagine, or arginine may be substituted with a ditferent positively-charged amino acid.

{36166 The amino acid posttions of Loop 1, Loop 2, and Loop 3 of cach CDC described

heremn 1s histed i Table 1.

Table 1: Ammq} Aczd Pesz?wns Qarrespondmg o D{}mam 4 L.oons

.................................................
Pneumolysin K 457-463 ' 367-37: 3400
Cereolysin 2 493-504 408-414 - 444-450
Anthrolysin 3 S01-507 411-417 | 447-453
Thuringiolysin | 4 S01-507 411-417 | 447-453
Perfringolysin | 5 482-494 - 398-404 ' 434-440
Alveolysin 6 490-496 - 400-406 | 436-4472
Caniolvsin 7 562-568 472-478 | 508-514
Equisimilysin | 3 559-565 469475 505-511
Streptolysin O 1 o 1 §56-865 L 469-475 1 805-811
Novyiolysin |+ 10 | 502-508 D 412-418 1448484
“Tetanolysin | (L | 514-520 1 424-430 | 460-466
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fvanolysig & 12 1512518 [422-428  458-464
ListeriolysinO | 13 | 513-519 [ 423-429  459-465
Seehgerolysin | A 214-520 [424-430 400-466 |
Swudysie b 1S 484490 1395-401  431-437
Mitilysin 16 | 457463 [367-373 1403400
Intermeditysin | T Tl 515-521 [ 425-431 461-467
PAF b Es o 168EesT [ 561-867 397603
Pyolysin | 19 | 521-527 [ 431437 467473

GIGE Thus, provided herein are purificd or isolated forms of the protemn mutants, and
antigenic  fragmenis thereof, immunogenic compositions of these mulants comprising
pharmaceuticallyv-acceptable excipients, adiuvants, and/or immunostimnulants, and vaccines and
sera comprising one or more of the mutants disclosed or otherwise contemplated hercin. The
mutants or antigenic fragments thereof can be used mm analviical methods for detecting the
presence of alternative forms of the proteins in biological samples using techmques known 1 the
art, tor example ELISA. The present disclosure further provides nucleic acids, host cells, and
vectors comprising cDNAS encoding any of the mutants provided herein and methods of thewr use
to produce the mutants contemplated herem. The present disclosure further provides methods of
admirustering  the immumogenic compositions  for freatment of conditions, diseases, and
infoctions, caused by the CDC-producing organisms described herel

{102 As noted above, the present disclosure 18 also directed to nucleic acid seguences
which encode the mutant CDCs contemplated herein. The present disclosure provides nucleic
acids which encode allelic variants of the protern mutants disclosed heremn, wheremn the allehic
variants of the protemn mutants differ from the protein mutants by less than 15% of their amuno
acid identity, for example, at least 85% of the ammo acids of the alielic varnant are identical {o
the protemn mutant, and 100% of the amuno acids 1n the first, second, and third loops (L1, L2, and
1.3} arc wdentical to those 1n the protein mutant. For exarmple, the allehe vanants may difter from
the protein mutants by less than 129 of their amino acid identity, by less than 10% of thew
amino acid identity, by less than 8% of their amino acid identity, by less than 6% of their amino
acid 1dentity, by less than 4% of thewr identity, by less than 2% of their amino acid identity, or by
tess than 1% of thewr aminoe acid identity from the protein mutants desceribed herem. Further, the

present disclosure 1s further directed to nucleic acids which hybridize under stringent conditions

with the nucleic acids whach encode the mutant CDCs desenibed herein or with the complements
of the nucleie acids encoding the mutant CDCs described herein.
{31031 In one aspect, the CDC mutant polvpeptides or proteins of the present disclosure

comprise an aming acid sequence having at east 80%, or at least 91%, or at least 92%, or at least
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G3%, or at least 949, or at least 95%, or at least 96%, or at least 97%, or at least 98%, or at lcast

99%, or more percent dentity to the sequence presented as SEQ ID NG, (as determined by a
sequence alignment program}, and which have at least one of the mutations described elsewhere
heremn.

(3184 An alignment of selected seguences i order to determine % wlentity” between two
or more sequences, may be performed using, for example, the CLUSTAL-W program mn
MacVector version 6.5, operated with default parameters, mncluding an open gap penalty of 10.0,
an extended gap penalty of .1, and a BLOSUM 30 sipularity matnix.

©h

3105] In another embodunent, the term “sequence identity” as used herein means that the
sequences are compared as follows. The sequences are aligned using Version 9 of the Genetic
Computing Group’s GAP (giobal alignment program), using the default (BLOSUM6GZ) matrix
(values —4 to +11) with a gap open penalty of —12 (for the first null of a ¢gap) and a gap extension
penalty of —4 {per each additional consecutive null 1w the gap). Atter alignment, percentage
identity 15 calculated by expressing the number of matches as a percentage of the number of
amine acids i the claimed sequence.

{3186] The mmunogenic compositions described or otherwise contemplated hercin may
mclude vaccine formulations that can be used wm an amount effective to eheit (stimnilate) a
protective immune response m an anunal, For example, the goneration of a protective immune
response can be measured by the development of antibodies.  In certain non-limiting
cmbodiments, the amounts of the mutant CDCs conternplated hereyn that can form a protective
unrnune response typically are m a umt dosage torm of about 8.001 ug to 100 mg per kg of body
weight, such as but not limited to, about §.01 ug to 1 my/kg of body weight, or about 8.1 pg to
about 10 ug/kg body weight, for example, at an mterval of about 1 to 6 wecks between
U unizations.

3107} The present disclosure turther provides methods of stunulating an ummune response
against at lcast one disease organism.  In the method, any of the unmuUnOgenic CoOmMpPOsStions
disclosed hercin can be admunistered {0 a patient mifected with the discase organism or
predisposed to nfoction with the disease organism. o one non-hnuting embodiment, the
IMMUBOZeNIC Composition comprises a pncumolysin mutant baving mutations i positions 293
and 460, such as PLY vasomvois (SEQ 1D NO:480). In the method, the immunogenic composition
1s substantially non-toxic {or substantially non-toxic compared to the native PLY protemn), does
not substantially bind to cell moembranes, 18 substantially non-hemolytic, and/or 15 as stable as or

is substantially more stable than the PLY protem.
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G108 The present disclosure s turther directed to at least one method of decreasing the
occurrence and/or severity of infection in a patient. In the method, any of the mmmunogenic
compositions disclosed or otherwise contemplated heremn 18 admunistered 10 an mnifected patient or
a paticnt predisposed to mifection.  In one non-lumiting embodunent, the wmmunogenic
composition comprises a pncumolysin mutant having mutations in positions 293 and 464, such as
PLY vasomvcoors (SEQ 1D NO:40). In the method, the iwmnunogemic composition 18 substantially
non-toxic (or substantially non-toxic compared 1o the native PLY protein), does not substanfially
bind to ccll membranes, 18 substantially non-hemolviic, and/or is as stable as or 1s substantially
more stable than the native PLY protein. In certamm embodiments, the nmtant pncumolysin
polypeptides disclosed herein have about 100,000-{0ld less hemolytic activity than wild type
pancumolysin polypeptide. In other embodiments, the mutant pneumaolysin polypeptides disclosed
herein have about 1530,000-told less hemolytic activity than wild type pneumolysin polypeptide.
in other embodiments, the mutant pncumoelysin polypeptides disclosed heremm have about
200,000-told less hemolviic activity than wild type pneumolysin polypeptide. In still other
embodiments, the mutant pncumolysin polypeptides disclosed heremn bave about 250,000-fold
iess hemolytic activity than wild type pneumolysin polypeptide. In at least cortam embodiments,
the purtBied mutant pneumolysin polypeptides disclosed hercwn which have at least two
subsfitutions m anuno acid positions 293, 294, 458, 459, and 460, also have an mercased yield
upon purificalion over a mutant pueumolysin polypeptide having a substitution i only one of
aming acid poswions 293, 294, 458, 459, and 460, The mereased recombinant yield may be for
cxample, at feast about 10X, af least about 15X, at feast about 17X, or at least about 20X,

{3109 The immunogenic compositions disciosed herein may be adminsicred to anumals
which are mnfected or may become mnfecied by the disease orgamsms described herein, including
but not limited o dogs, cats, rabbits, rodents, horses, hivestock {e.g., cattle, sheep, goats, and
pigs), 7oo animals, ungulates, primates, and hurmans.

(G110} As noted above, when the mutant i1s a pncumolvsin nutant, the present disclosure
imcludes an ummunogenic composition (such as, but not limited to, 4 vaccme) which can be
admirastered 1o a subjoct for stinilating an immunogenic response i the subject. In addition to
the one or more pncumolysin mutants, the imounogenic Composition/vaccinge may COomprise
other protemns or profein subunits {rom 3. preumoniae, Oor may comprise capsular polysaccharide
material combined with or conjugated to the pneumolysin mutants or other protems 1o the
INUROZEnIC composttion/vaceine. For example, the capsular matenal may be dernved from any

one or more of the S, preumoniae serotypes 1, 2, 3, 4, 5, 64, 6B, 7F, &, 9N, 9V, 10A, 11A, 12F,

L]
g



CA 02968398 2017-05-18

WO 2016/081839 PCT/US2015/0618359

14, 158, 17F, 18C, 19A, 19F, 20, 22F, 23F, 24F 27, 33F, or 34, or others known in the arf. As
noted, the immunogenic composition/vaccine may comprise an  adjuvant and/or other
pharmaceutically-acceptable excipients. Polysacchandes can be conjugated to the mutant, for
cxampie, via 4 monomeric linkage {(only one end of the polysaccharnide s attached to the
polvpeptide), a looped linkage {a single polypeptide 18 attached to looped polysaccharides), or a
cross-hinkage (multiple polysaccharides attached to multiple polypeptides).

G111 The mmmunogenic compositions or vaccines contamning mufant  poncumolysmn
polyvpeptides of the present disclosure, or fragments thereof, may be used {0 treat diseases and
conditions related 0 Streprococcus puneumoniae, such as, but not humited {0, pneumonia,
menngitis, bacteremia, and otitis media.

(3112} In certain embodiments, the mutant CDCs disclosed herein are useful for causing
stimulation of T-cell proliferation or the generation of antibodies through the stimudation of B
cells.

{31131 As noted above, an imnunogenic composition of the present disclosure can be forme
by combining the mutant CDCs contemplated herein with a pharmaceutically (physioclogicaily)
acceptable excipient, such as {(but not limited to) physiclogical saline or butfered saline solutions
at neutral pH (such as phosphate buttered sahine).

[0114] The present disclosure also mcludes anfigenmic fragments of the mutant CDCs
described or otherwise contemplated herein. For example, {or vaccine compositions, fragments
arg large enough to stimulate a protective immune response. The polypeptide component must
be of a length sutficient t0 mduce such an cnhanced omune response.  For fragments of a
naturally occcurring CDC protein, the fragments are at least about &, at lcast about 1{), at lecast
about 25, at least about 54, at least about 75, at least about 180, at least about 125, at least about
150, at least about 1785, at least about 200, at least about 250, at least about 300, at least about
350, at least about 400, at least about 425, at least about 450, at least about 460, at least about
465, or more amino acids 1 fength,

(3115} Fragments may comprise peplide portions from ditterent locations of the mutants that
have been jomed together.  In certamn parficular (but non-hnuting) embodiments, fragments
include one or more of the three loops discussed herein.

131161 The mutant CDCs disclosed or otherwise contemplated hercin are also useful to
generate neutrahzimg antibodies which can be used as a passive mmune serum to treat or
amcliorate symptoms i patients.  An mamunogenic composition as described above could be

administered to an animal (such as a horse or 8 human) until a neutralizing antibody response s
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gencrated. These neutralizing antibodies can then be harvested, punified, and utilized to treat
patients exhibiting symptoms.

[{3117] Such neutrahzing antibodies are admnistered o patients exhibiting disease symptoms
i an amount effective to neutralize the effect of the pathogen. The neutrahizing antibodies can
be administered mmtravenously, mtramuscularly, mtradermal, subcutancously, and the like. A
particular route 13 mtravenously, or for localized miection, topically at the site of tissue damage
with debrniderment.  The neutrahizing antibody may also be admunistered 1 conjunction with
antibiotic therapy. The neutralizing antibody can be adounistered until a decrease in shock or
tissue damage 15 obtamned in a smgle dose or multiple doses. The amount of neutrahizing
antibodies typically admunistered s about 1 mg to about 1000 mg antibody per kg of body
weight, such as but not hinmited to, about 50 mg to about 200 mg antibody per kg of body weight.
[3118] The immunogenic compositions of the present disclosure may be prepared as a
pharmaceutical composiion containing an ymmunoprotective, non-toxyc amount of at least one of
the prosently disclosed mutant proteins 1n a non-toxic and sterile pharmaccutically acceptable
CXCIPICHT,

{3119} The mmmunogenic compositions of the present disclosure can be admunistered to the
appropriate subiect m any suitable manner known m the art, mnchuding (but not imited to) orally
mtramuscularly, mdravenously, sublingual mucosal, intraartenially, trathecally, miradermally,
mtraperitoneally, intranasally, intrapulmonarily, intraocularly, itravaginally, mtrarectally, and/or
subcutancously. They can be mtroduced mto the gastromiestinal tract or the respiratory tract, ¢.¢.,
by mhalation of a solution or powder contatung the mmunogenic composition.  Parenteral
administration, if used, is gencrally charactenized by mjection. Injectables can be prepared m
conventional forms, either as hiquid solutions or suspensions, sohid forms suitable for solution or
suspension 1 hquid prior to mpection, or as ernulsions.

[{3120] An mununogenic composition (¢.£., a vacene) 1s admuustered in an amount sufficient
to elicit production of antibodies as part of an immunogenic response. Dosage for anv given
patient depends upon many factors, mchuding the patient’s size, general health, sex, body surtace
aroq, age, the particular compound 10 be admumstercd, time and route of admuustration, and other
drugs being administered concurrently. Determination of optimal dosage s well within the
abilities of a pharmacologist of ordinary skill, In certam embodiments, a non-himiting range of
clicctive amounts of a mutant CDC that may be admuustered 10 a subject 18, for example, about

10 ng of protein to 100 mg per kg of body weight, such as about 0.1 ug of proteimn to about | mg
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per kg body weight. In at least one non-limiting embodiment, the dosage provided 1s i a range of
from about .25 pg to about 25 ug of protemn, with or without adjuvants.

({3121} When the mmumogenic composition 18 adminustered  parenterally, via  the
mtramuscular or deep subcutancous route, the mutant protein may (in certam particular but non-
himiting embodiments) be admixed or absorbed with any conventional adpuvant to attract or o
cunhance the ymmune response. Such adpvants mclude byt are not restricted to alumunum
hydroxide, aluminum  phosphate, muramyl dipeptide, bacterial  hipopolysaccharides  and
dertvatives and purified saponins from QuilA. The protein can also be presented to the munune
system within nmicroparticles such as liposomes or immunostimulating complexes (ISCOMs). As
noted, a formudation contammng the mutant protew/peptide fragments of the present disclosure
may be designed for oral or intranasal ingestion.

(3122] The therapeutically effective and non-toxic dose of the mmumunogenic compositions of
the present disclosure can be deternuned by a person of ordinary skall i the art. For example, the
spectiic dose for any subject can depend upon a variety of factors mcluding (but not hnuted to)

age, general health, diet of the paticnt, time and route of adminisiration, synergistic effocts with

&

other drugs being admunistered, and whether the mmmunogenic composition 18 administered
repeatedly. I necessary the immunogenic composition will be admistered repeatedly with one
to three month ntervals between cach dose and with an optional booster dose later i tume.
Actual methods of preparing the appropriate dosage forms are known, or will be apparent, to
those skilled m thas art; see, for example, Remington's Pharmaceatical Sciences fatest edition.
13123] As noted above, the present disclosure mchudes polynuciconides which encode the
herein-described mutant polyvpeptides and active fragments of the present disclosure. The
polynucleotides may be m the form of RNA or mn the form of DNA {(mchuding, but not limited to,
cDNA, genomic DNA, and synthetic DNA)Y, The DNA may be double-stranded or smngle-
stranded, and o single stranded, may be the coding strand or non-coding {anti-sense) strand.

(3124} Shown in Table 2 are DBNA scquences {and corresponding amino acid sequences)

which directly encode {or encode via the reverse complement) the native sequences of the CDHCs
. J

*

contemplated herem and thus which also may be mutated o form the mutant torms described or

otherwise contemplated heremn.
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Table 2: Ammng Acid and Nucleie Acid Seguences of Native CDC Forms

SEQ ID NO: SEQ D NO:
{(Amino Acids) (Nucieic Acid)

Pneumolysin A L e 20
Lereolyswn 2
Antbrolysin L S 22
Thuringiolysin V4 ] 25
Perfrmgolyssn 1 S N 28

- Alveolysin § 25

- Caniolysin 7 26

' Equisimilysin X 27

Streptolysin G N R R

 Novyiolysin | e 29
Yetanolysyw 4 S S A

' fvanolysin 12 31

| Listeriolysin O 13 2

| Secligeriolysin 14 33

| Suilysin b5 34

| Mitilysin 16 35

| Tntermedilysin 17 36

' PAF I8 37

' Pyolysin {9 38

[{3125] Host cells arc genetically engincered (fransduced, transformed, and/or transfected)
with the vectors comprising a polynucieotide encoding a mutant polypeptide of the present
disclosure. The vector may be, tor example, n the torm of a plasmad, a viral particie, a phage,
ete. The cngmeerced host cells can be cultured 1 conventional nutrient meodia that can be
modificd as appropriate for activating promoiers, selecting transtormants, or amplifying the
polynucieotides which encode such polypeptides. The culture conditions, such as temperature,
pH, and the like, arc those previously used with the host cell selectied tor expression, and will be
apparcnt 10 the ordinarily skilled artisan. Vectors mclude chromosomal, nonchromosomal, and
syinthetic DNA  sequences, e.g., dernwvatives of SV44; bacterial plasmuds; phage DNA;
baculovirus; veast plasnuds; vectors dentved from combinations of plasmids and phage DNA,
viral DNA such as vaccinia, adenovirus, fowl pox virus, and pscudorabies. However, any other
vector may be used as long as it 18 rephicable and viable 1n the host.

131261 The appropriate DNA sequence may be wmserted mto the vector by a varety of
procedures. In general, the DNA sequence 18 mserted mto an appropriate restriction endonucicase
site{s ) by procedures known 1n the art, Such procedures and others are deemed to be within the

scope of those skulled i the art.
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{1271 The DNA sequence m the cxpression vector 1s operatively hinked to an appropriate
cxpression control sequence(s) (promoter) to direct mRNA synthesis. As representative examples
of such promoters, there may be mentioned: LTR or SV40 promoter, the £, ¢ofi lac or trp, the
phage lambda Py promotier, and other promoters known 1o confrol expression of genes in
prokaryotic or cukaryotic cells or thewr viruses. The expression vector also contamns a ribosome
bmding site for transiation mtiation and a transeription terminator, The vector may also include
appropriate sequences for amphitving exprossion.

{31281 in addition, in certain non-limiting embodiments, the expression vectors contain one
or more selectable marker genes to provide a phenotypic trait for selection of transtformed host
cells such as dhihvdrofolate reductase or neomycin resistance tor cukaryotic cell cultare, or such
as tetracycline or ampiciilin resistance m £, cofi.

(3129} The vector contatning the appropriate DNA sequence as hercinabove described, as
well as an appropriaie promoter or control sequence, may be employved to transtorm an
appropriate host to permit the host 1o express the proteins.

{3130 As representative {(but non-luniting) examples of appropriate hosts, there may be
mentioned: bacterial cells, such as £, cofli, Streptomyces, Salmonelia tvphimurium, fungal cells,
such as yeast; msect cells, such as Drosophila N2 and Spodoptera S19; anymal ¢ells, such as
CHO, COS or Bowes melanoma; adenoviruses; plant cells, ete. The selection of an appropriate
host cell 18 deemed 10 be within the scope of those skilled in the art from the teachings herein.
(G131 More particularly, the present disclosure also includes recornbinant constructs
comprising one or more of the sequences as described and cnabled herem. The constructs
comprise a vector, such as a plasnud or viral vector, mio which a polynucleotide sequence has
been mserted i a forward or reverse orientation. In one non-himiting embodiment, the construct
further comprises regulatory sequences, including, for example, a promoter operably hnked fo
the sequence. Large numbers of suitable vectors and promoters are known to those of skill in the
art, and are commercially available, The following vectors are provided by way of non-limiting
example. Bacterial: pQETO, pQEGE, pQE-Y ((hagen, Inc., Hilden, Germany}, pBS, pDI1{,
phagescript, psiX174, phiucseript SK, pBS, pNHEA, pNHI16a, pNHISA, pNH46A (Siratagene,
San Phego, CA) pireY9a, pKKZ223-3, pKKZ33-3, pDRS&40G, pRITS (Pharmacia, Stockholm,
Sweden). HEukaryotic: pWINEQ, pSV2ZUAT, p0G44, pXT1, pSG (Stratagene, San Diego, CA)

pSVEKS, pBPY, pMSG, pd VL (Pharmacia, Stockholm, Sweden). However, any other plasmid or

vector may be used as long as they are replicable and viable 1o the bost.
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{3132} Promoter regions can be selected from any desired gene using CAT {chioramphenicol
transferase} vectors or other vectors with sclectable markers. Two appropriate vectors are
pkK232-3 and pCM7. Particular named bacterial promoters melude lacl, lacd, T3, T7, gpt,
tambda Py, Py, and TRP. Eukaryotic promoters include CMV mmmediate carly, HSV thymudine
kinase, carly and late SV40, L'TRs from retrovirus, and mouse metallothionein-1 Selection of the
appropriate  vector and promoter 1 well within the level of ordinary skl
the art.

131331 in a turther embodiment, the present disclosure mcludes host cells contamning the
above-described constructs. The host cell can be a higher cukaryotic cell, such as (but not hinied
to) a mammalian cell; a lower eukaryotic cell, such as (but not limited to) a yeast cell; or a
prokaryotic cell, such as {(but not limited t0) a bactenal cell. Introduction of the construct into the
host cell can be cffected by calcrum phosphate transfection, DEAE-Dextran mediated
transtection, electroporation (Dawvis et al., Basic Methods i Melecular Biotogy (1986 Elsevier
scionce Publishing Co., Inc., New York, NY), or any other suttable techmque.

131341 The constructs in host cells can be used 1n a conventional manner to produce the gene
product encoded by the recombmant sequence. Alternatively, the polypeptides of the present
disclosure can be synthetically produced by conventional peptide synthesizers,

{3135} Mature proteins can be expressed i marnmalian cells, yeast, bactena, or other cells
under the control of appropriate promoters. Celi-free transiation systems can also be employed to
produce such protems using RNAs derived from the DNA constructs of the present disclosure.
Appropriate clomng and oxpression vectors for use with prokarvofic and eukaryotic hosts are
described by Green and Sambroock (Molecular Cloning: A Laboratory Manual, Fourth Edition,

Cold Spring Harbor, N.Y., (2812)), the entire disclosure of which 18 hereby mcorporated by

reference.
[{3136] Transcription of the DNA encoding the mutant polyvpeptides of the present disclosure

by higher cukaryotes can be increased by mserting an enhancer sequence into the vector.
Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp that act on a
promoter 10 mmerease 1t transceription. Examples mchiding the SV40 enhancer on the late side of
the replication origin bp 100 10 270, a cytomegalovirus carly promoter enhancer, the polyoma
enhancer on the late side of the replication ongin, and adenovirus enhancers.

{31371 Generally, recombinant expression vectors will inchude origins of replication and
selectable markers permitting transformation of the host cel, ¢.g., the ampicillin resistance gene

4

of £. coli and §. cerevisiae TRP1 gene, and a promoter derived from a highly-expressed gene to



CA 02968398 2017-05-18

WO 2016/081839 PCT/US2015/0618359

(s
[

direct transcription of a downstream structural sequence. Such promoters can be derived from
operons encoding glyveolytic enzymes such as 3-phosphoglycerate kinase (PGK, a-factor, acid
phosphatase, or heat shock protemns, among others. The heterologous structural sequence 1S
assembled i appropriate phase with translation mnitiation and termunation sequences. Optionally,
the heterologous sequence can encode a fusion protemn including an N-termunal identification
peptide imparting desired characteristics, ¢.¢., stabilization or simplified purihication of expressed
recombinant product.
{3138] Useful expression vectors tor bacterial use are constructed by inserting a structural
DNA sequence encoding a deswred protem together with surtable translation nitiation and
termination signals in operable reading phase with a functional promoter. The vector will
comprise one or more phenotypic selectable markers and an origin of replication 10 ensure
maintenance of the vector and to, if desirable, provide amplitication within the host.
(G139 As a representative but non-limiting example, usetul expression vectors for bacterial
use can comprise a sclectable marker and bacterial origin of replication denved from

commercially available plasmids comprising genctic elements of the well-known cloning vector

pBR322 (ATCC 37017). Such commercial vectors mclude, for example, pKK223-3 (Amersham

Pharmacia Biotech, Piscataway, NI, USA} and pGEMI (Promega, Madison, Wis., USA). These

pBR327 "backbone” sections arc combined with an appropriate promoter and the structural
sequence to be expressed.

(3140 Following transformation of a suitable host strain and growth of the host stramn 10 an
appropriate cell density, the selected promoter 1s mduced by appropriate moeans (e.g., femperature
shift or chenical mduction), and cclls are cubtured for an additional period.

({3141] Cells are typically harvested by centnfugation, disrupted by physical or chemical
means, and the resulting crude extract retained for further purification.

({3142] Microbial colls emploved 1 expression of protomns can be dwsrupted by any
convenient method, mcluding frecze-thaw cvcling, sonication, a French press, mechanical
disruption, or use of cell lysmg agents, such methods are well known 10 those skalled 1 the art.
However, 1t may be desired (but non-hmuting) to use host celis whach secrete the polypeptides of
the present disclosure and permait recovery of the polypeptide from the culture media.

{31431 Various mammalian cell culture systems can also be cmployed to express

recombinant protemn. Examples of mammalian expression systems include the COS-7 hines of
monkey kidney fibroblasts, deseribed by Gluzman (Cell (1981} 23:175), and other cell lines

capable of expressing a compatible vector, for example, the C127, 3T3, CHO, Hela and BHK
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cell hines. Mammalian expression vectors will comprise an origin of replication, a suitable

promoter and enhancer, and also any necessary ribosome bmding sites, polyadenylation site,

{

spiice donor and acceptor sites, transcriptional {ermination sequences, and flanking
nontranscribed sequences. DNA sequences derived from the SV4Q sphice and polvadenvlation
sites may be used to provide the required nontranscribed genetic elements.

131441 The polypeptides can be recovered and/or puribied from recombinant cell cultures by
well-known  proteimn recovery and purification mcethods. Such methodology may melude
ammonium sulfate or cthanol precipitation, acul extraction, anion or cation cxchange
chromatography, phosphoceliulose chromatography, hydrophobic interaction chromatography,
affimity chromatography, hydroxvlapatite chromatography, and lectin chromatography. Protemn
refolding steps can be used, as necessary, in completing configuration of the mature protein. In
this respect, chaperones may be used in such a refolding procedure. Finally, high performance
hquid chromatography (HPLC) can be eraployed for final purification steps.

13145] The mutant polypeptides that are useful as iununogens n the present disclosure may
be products of chemical synthetic procedures, or products of recombinant techniques from a
profkaryotic or cukaryotic host (for example, by bacterial, yeast, higher plant, insect, and
mammalian cells in culture), as explamed previously. Depending upon the host emploved m a
rocombinant production procedure, the mutant polvpeptides of the present disclosure may be
olycosylated or may be non-glycosylated.

31461 The mdividually expressed polypeptides wmay be solated by recombinant
cxpression/isoiation methods that are well-known 1 the art. Typical examples for such 1solation
methods may utilize an antibody to a conserved arca of the protcin or to a His tag or cleavabie
feader or tail that 1s expressed as part of the protem structure.

13147 As noted, fragments and variants of the CDC mutant proteins disclosed or otherwise
contemplated herein are considercd t0 be a part of the present disclosure. A fragment 15 4 vanant
polvpeptide which has an amino acid sequence that 18 entirely the same as part, but not all, of the
amingo acid sequence of the native or mutant polypeptides. The fragments ¢an be “free-standing”
or contained within a larger polvpepfide of which the fragment forms a part or a region, such as
(but not limited to) as a single continuous region. Particular non-hnuting fragments are
ologically active fragments which are those fragments that mediate activities of the
polypeptides of the present disclosure, inchuding those with stoular activity or improved activity
or with a decreased achivity. Also mcluded are those fragments that are anfigenic or

immunogenic m an animal, particularly a human. In this aspect, the present disciosure inchides:
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(1} fragments of a mutant CDC, for example (but not by way of limitation) at least about 20-1{{)
amine acids in length, or about 100-200 amino acids m length, and (1) a pharmaceutical
composition comprising the mutant fragment.

3148} In one embodiment, the nucleie acids which encode the CDC mutants described
heremn are hyvbridizable to the corresponding native sequence under high stringency hybridization
conditions. An example of high stringency condifions wncludes hybridization at about 42°C
50% formamade, 3 X S5C, 5 X Denhardt’s solution, 8.5% SDS and 100 ug/mi denatured carmer
DPNA followed by washing two times 2 X 5SSO and (0.5% SDS at room temperature and two

additional times 1in §.1 X SS5C and $.5% SDS at 42°C.,

[{3149] MNucleic Acid Constructs/Expression Vectors

{3150} As noted, the nucleic acuds contemplated hercin may be mcorporated indo
heterologous nucieic acid constructs or vectors that are capable of nfroduction mio and
replication in a host cell. Any vector may be used as jong as it 18 replicable and viable m the
colls mto which 1t 18 mitroduced. Large numbers of suttable vectors and promoters are known 10
those of skali m the art, and are commercially availablie. The appropriate DNA sequence may be
inserted mnto a plasmid or vector {collectively referred to heremn as “vectors”) by a variety of
procedures. In general, the DNA sequence 18 mserted mio an appropriate restriction
cndonuclease site{s) by standard procedurcs. Such procedures and related sub-cloning
procedures are deemed to be within the scope of knowledge of those skilled n the art.

(G151 ] Heterologous nuclewe acid constructs of the present disclosure may include the coding
sequence for the mutant CDCs contemplated hoerein or fragments thercotf: (1) mosolation; (1)
combination with additional coding sequences, such as (but not limited to) fusion protein or
signal peptide coding sequences, where the muutant CDC coding sequence 1s the dominant coding
sequence; {111} i combmnation with non-coding sequences, such as {(but not hinuted t0) introns and
confrol elements, such as promoter and termmator clerents or 57 and/or 37 untranslated regions,
cticctive for expression of the coding sequence i a suttable host; and/or (1v) m a vector or host
cnvironment in which the mutant CDC coding sequence 18 a heterologous gene.

{3152 Appropriate vectors are typically equipped with a sclectable marker-encoding nucleie
acid sequence, insertion sites, and suitable control elements, such as promoter and fermination
sequences. The vector may comprise regulatory sequences, mciuding, for example, non-coding

sequences such as mtrons and control clements, 1.¢., promoter and terminator clements or 3

and/or 3" untransiated regions, effcctive for expression of the coding sequence 1 host cells

(and/or 1n a vector or host cell environment m which a modified soluble protein antigen coding
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sequence 15 not normally expressed), operably hinked to the coding sequence. Large numbers of
sutlable vectors and promoters are known to those of skill in the art, many of which are
commercially available.

[{3153] Excmplary promoters melude both constitutive promoiers and inducible promoters,
examples of which include a UMYV promoter, an SV44 carly promoter, an RSV promoter, an EF-
la promoter, a promoter contammng the tet responsive element (TRE) m the tet-on or tet-off
system, the beta actin promoter and the metallothionein promoter that can upregulated by

addition of certain metal salts. A promoter seguence 18 a DNA sequence which 1s recognized by

the host cell tor expression purposes. it 18 operably hinked to the DNA seguence encoding the
mutant polypeptide.

[3154] Unliess otherwise mdicated, the practice of the compositions and methods of the
present disclosure employs conventional techmiques of molecular biclogy, mucrobioiogy,

recombinant DNA, and imrunclogy, which are within the skall of one of ordinary skill in the art.

EXAMPLES
{3155] Exampies are provided hercinbelow. However, the embodiments of the present
disclosure are not lmited i application to the specific experumentation, results and laboratory
procedures described herein.  Rather, the Examples are simply provided as among varous
cmbodiments and are meant t0 be exemplary, not exhaustive, and it will be appreciated that
additional and different cmbodiments of the teachings of the present disclosure will doubtless

sugeest themselves to those of skall in the art; therefore, such other embodiments are considered

to have been inferred from the disclosure hercin.

Example |

[{3156] The cholesterol dependent cytolysins (CIDCs) are a large tamiuy of pore-forming
polypeptide toxins produced by more than 20 different specics of Gram-positive bacteria’.
Initially, the bacteria secrete these toxins as stable water-soluble monomers, The monomer binds
t0 membranes and undergoes a specific sequence of structural changes, which promotes
oligomerization and pore formation. As the name mdicates, the CDC pore forming mechanism 18
absolutely dependent upon membrane cholesterol for its pore-forming mechanism. The dogma
tor several decades has been that cholesterol 1s the receptor tor these toxins and that the
conserved undecapeptide, locaied 1 domam 4 (D4) of the CDCs (Fig. 2), 18 woportant to the

: : . S : . 2.4 o . . | |
mteraction of the CDCs with cholesterol™’. However, other studies have suggested that the
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undecapeptide does not mediate the mifial binding of these CDCs 1o cholesteroi-rich
membranes”®. Hence, the structural components of these CDCs that mediate their binding to
cholesterot have been vague prior (o the present work.

{31871 The sensitivity of the CDC mechanmism 1o oxadation has been known for over 80
years’, and this trait was responsible for the title of “thiol-activated cytolysins” that was
originally given 1o these toxums (reviewed m reference 3). The oxidation of this thiol group resulis
i a significant loss of cytolvtic activity, often >99%°. Tt was subsequently shown via sequence
analysis of g great number of the CDCs that the cvsteine having the sensitive thiol group resided
it the conserved undecapeptide (ECTGLAWEWWRA-SEQ 1D N(:39), since this 18 the only
cysteme present m most sequenced CDCs. The toss of evtolytic activity associated oxadation of
this thiol group has been suggested to result from alterations 1n binding to cholesterol-rich
membranes”, thus establishing a putative link between membrane binding and the undecapeptide.
The highly conserved nature of the undecapeptide also suggested a ghly conserved function,
perhaps mediating a direct interaction with membrane cholesterol.

{31581 The dogma that cholesterol is the receptor for the CDCs was complicated by the
discovery of intermedilysin {(ILY), a CDC that 18 secreted by Sirepiococcus intermedius. In

- 5,10

contrast to other CCs, LY 15 human cell specific™, a feature that 15 explamned by its ability 10

specifically bind to human CI5S9, a species-specitic mbubifor of the comploment membrane

1

| | 11.12 | | | | o . 13 , N - ‘ '
attack complex 7, rather than cholesteroi-rich membranes’”. Therefore, at least two classes of

CDUs now exiast, ILY that binds to a specific non-sterol receptor and PFO-like CDCs that bind
diroctly to cholesterol-rich membranes. Yet, the cvtolytic mechanisms of both types ot CDCs are
sensitive 1o membrane cholesterol and neither 1s active on mombranes that are substantially
depleted of cholesterol’”.  These studies, therefore, presented an enigma; does cholesterol
contribute to the ILY mechanism in a significantly different way than to the PFO-like CDCs, or
is there 4 unifying molecular basis for the contribution of cholesterol to both classes of CCs7
({31591 Giddings ot al.’” showed that cholesterol-deplction of hRBC membranes blocked
prepore 10 pore conversion for all CDCs, but also affected binding of PFO-like CDCs, to the
membrane. Soltani et al.”” showed that disrupting the membrane insertion of the L1-L.3 D4 loops
(Fig. 2) of 1LY also blocks prepore to pore conversion. Therefore, two distinet phenomena biock
prepore to pore conversion in ILY, depletion of membrane cholesterol™ and disruption of the
membrane insertion of the LI-L3 loops ™.

{3160} Based on these observations, a defailed mvesfigation of the micraction of the P4 {oops

and undecapeptide of ILY and PFO with membranes was performed. The results of these studies
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indicate that the L1-L3 loops at the base of domam 4 arc the primary structures that recognize
cholesterol-rich membranes, rather than the undecapeptide. The interaction of these loops with
cholesterol-rich membranes mediates the mteraction of PFO with cholestercol-rich membranes
whereas their msertion mto the membrane 18 also necessary for the prepore 1o pore conversion of
both PFO and ILY. Hence, these results now provide the structural basis for cholesterol
sensifivity of the CDCs and provide a unutving explanation for the ettect of cholesterel on both
LY and PFO-hke CDCs, wihach use ditterent membrane receptors.

{31611 Materials and Methods of Example |

{3162 Bacterial strains, plasmids, and chemicals
[{3163] The genes tor ILY and PFO were cloned mto pTreHisA (Invitrogen) as described

}4,16

previously . All mutations were made in the native ILY (naturally cvsteine-less) or the
: S cemymm e CASOAL 4 . e - . . -

cysteine-less PFO (PFOYS™™) background. Native PFO contains a cysteine at residue 459 that has

.. . s AICAT9A

been changed 1o alanine to generate the cystemne-less PO derivative PFO . Both PFO and

xamr o~ CA50 A v e e | . I | : :

PFOT7" exhibit simtlar oviolytic activities™. All chemicals and enzymes were obtained from

Sigma, YVWR, and Research Organics. All fluorescent probes were obtamed from Molecular

Probes (Invitrogen).

{3164} Generation and purification of ILY and its derivatives
{3165} Using PCR QuikChange mutagenesis (Siratagene), various anuno acid substitufions

DUA

. . Y o] | . , . _
were made in native ILY or PFO DNA seguences of the mutant versions of the ILY gene

were analyzed by the Oldahoma Medical Research Foundation Core DNA Sequencing Facility.
The expression and purification of recombinant 1LY and its denwvatives from Escherichia coli

, | > 15,16
were carried out as described ™

. The ehned protein was dialyzed mto buffer (30{0mM Na(Cl,
10mM MES, ImM EDTA, pH 6.5) overnight at 4 . The protein was then stored in SmM DTT
and 10% (vol/vol) sterile glyeerol at -0 C.

[{3166] Chemical modification of ILY and PFO and their devivatives with sulfhydryl specific
reqagents.

({31671 The cysteine denvatives of ILY were modified with the environmentally sensitive
probe wdoacetamido-N N -dunethy-N-(7-nmitrobenz-2-oxa- 1, 3-diazolvhethylene-diamine (NBD)
via the sulfhydryl eroup. The reaction was carried out as previously described’®. The modificd
protein was stored n 1{9% {vol/voly sterile glycerol, guick {rozen m hquid nitrogen, and stored at
80 C. Proteins were labeled at an efficiency of 75% or greater.

[{3168] Fluorescence measurements
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10169 Al fluorescence mntensity measurements were performed using an SLM-3100 photon

counting spectrofluorimeter as previcusly described’®. For NBD measurements, an excitation
wavelength of 460-450 nm and an crmission wavelength of 540 nm were used with a bandpass of
4 nm, Enussion scans from S00-600 mn for cach sample were carried out at a vesolution of | i
with an integration time of 1 5. Samples contaming 10 ug of total toxin were mcubated with
human red blood cell (hRBC) ghost membranes {equivalent to 303.25 ug of membrane proteimn)
in PBS [ 10 mM NaHPO,, Z2mM KHPOy, 137 mM NaCl, 3 mM KCl{(pH 7.5} at 37 'C for 5-10
minuies before making spectral measuremeoents,

183177 (3 Liposome preparation

[{3171] Liposomes  contamung  -palmitoyi-2-oleoyl-su-glycere-3-phosphocholing (POPC;
Avanti Polar Lipids) and cholesterol at a ratio of 45:55 mol % were prepared as described ™

({3172 HRRB{O ghost membrane preparation

(3173] HRBC ghost membranes were prepared as previously described. Membrane protein

content was guanfified using the Bradford method (Buw-Rad Protemm Assay, Bio-Rad

“1)

Laboratories, Inc.) also previously described

{3174} Cholesterol Depletion and Repletion

{317 5] Cholesterol  extraction was performed with  methyl-B-cyclodextnin (MBCD)  as
previously deseribed’™. Briefly, human haRBC ghost membranes were incubated with a final
concentration of 20 mM — 40 mM MBCD (made fresh for each use) at 37 C for 2 hours. The
membranes were washed three times by repeated centrifugation (14,000 rom for 20 min at 4 C)
and resuspended m PBS to remove excess MBCD. Ghost membranes were finally suspended m
PBS. Cholesterol content was measured using Cholesterol/Cholesteryi Ester Quantitation Kit
(Calbiochem, Billerica, MA). Typically the cholesterol content of the membranes was decreased
>903% by this method.

[{3176] Cholesterol repletion was performed using cholesterol loaded MBCD. This method
has been described previously'. Briefly, freshly made MBCD was added to buffer A (140 mM
MNaCl, § mM K1, 5 mM KH;PO4, T vaM MgSQOy, 10 mM HEPES, 5 oM glucose, pH 6.5) to a

tinal concentration of 5 mM. 100mM stock of cholesterol was made m a 10 2 {(vol/vol) of
chiorofornt methanol. Buffer A + MBCD was heated to 80 C in a glass container. Once heated to
R C, suspended cholesterol was added to a final concentration of 4 mM. The solution was
homogenized by sonication (4 X 20 s). Then the solution was filtered using 22 um filter. MBCD

loaded with cholesterol was added o pelleted cholesterol depleted ghost membranes and
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incubated for 2 hours at 37 C. The membranes were washed by repeated centrifugation as before

and finaily, resuspended in PBS.

[{3177] fmmaobilization of Liposomes on L1 SPR Sensor Chip
[{3178] Surface plasmon resonance (SPR) was measured with a BIAcore 3000 system usmg a

L1 sensor chip (BlAcore, Uppsala, Sweden)., The L1 sensor chip contamns a dextran matrix {0
which hydrophobic residues are covalently bound and has roatinely been used for immmobilization
of hiposomes. In preparation of the L1 ¢chap for hposomes, 10wl of 20 mM CHAPS was mjected

at a flow rate of 10 ul/min. Liposomes (8.5 mM final lipid concentration) were then wjected at

the same flow rate for 10 min.  After mjection of hiposomes, 50 mM NaOH was mjected for 3

mn to remove the multiple layers of lipids. This was foliowed by myection of .1 mg/mi BSA to
coat the nonspecific binding sites. Al injections were performed at 25 C. The L1 chip was
regenerated and striped of Liposomes by repeated mjections of 20 mM CHAPS and 50 mM
NaOH untid oniginal RU reading was reached. The regencration procedure did not result m 10ss
of sensor chip binding capacity.

({3179} SPR Analyvsis

(31881 Al analysis of inieraction between the liposomes and PFO derivatives were
performed in HBS at 25 C. Wild type PFO (30 ng/ul) and the PFO aspartate mutants (50 ng/pl)
were mjected over the liposome coated chip at a flow rate of 30 ul/min for 4 muns.

31811 Results of Example |

{3182} Fxperimental strategy, 1LY does not depond on membrane cholesterol to bmnd 1o

native membranes, but its mechanism still remaing sensitive to cholesterol. Unlike the PFO-like

{CDCs that do not bind to membranes that lack cholesterol, receptor binding, and oligomerization

' Therefore, ILY was used to first

of TLY still cecurs on cholesterol-depleted membranes”
identity structures that were rosponsible for 1ts cholesterol-dependence. Unce the structures of
LY that were sensitive to membrane cholesterol were identified, the effect of disrupting these
structures was examined i PFO on its abihity to bind to cholesterol-rich liposomal membranes.
in this way it could be detormuned it the same structures i both ILY and PFO were responsible
for their cholesterol dependence.

[G183] Cholesterol 1s not required for the membrane insertion of the [LY undecapeptide.
Previous stadies with ILY have shown the undecapeptide must mnsert into the membrane mn order
for the prepore to form'”. Therefore, it was determined whether or vot its insertion was sensitive
t0 membrane cholestercl. A Cysteme residue was substituted for Ala-486, which s located

within the undecapeptide, and labeled with NBD via its sulthydryl group. This residue has been
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shown to insert into the membrane in native ILY . The fluorescence intensity of the NBD in
LYY was measured in the absence and presence of cholesterol-containing membranes o1
cholesterol-depleted membrancs. As shown m Fig. 3, m the presence of BRBC ghost membranes,
the undecapeptide mserts mto the membrane as shown by the mcrease m fluorescence enmussion
mtensity compared to that observed for ILY 1n its soluble state. When the membrane 18 depleted
of cholesterol, the same 1ncrease 1n fluorescence emmssion 1s observed. These results demonstrate
that the membrane nsertion of the undecapepfide region near Ala-486 18 mndependent of
membrane cholesterol content.

{3184] Cholesterol is required for the insertion of loops LI, L2, and L3. The membrane
msertion of the three short hydrophobic oops at the tip of P4 (Fig. 2) occurs i concert and 18
required to anchor and property orient the CDC monomers on the membrane’ ™. Their insertion,
in concert with the msertion of the undecapeptide, 18 necessary for the subscguent membrane
insertion of the D3 transmembrane [B-hairpins (TMHs) that leads (o the formation of the
transmembrane B-barrel pore’””. Cholesterol is also reguired for the insertion of the TMHs and
formation of the pore complex’”. Hence, both membrane cholesterol and the membrane insertion
of the L1-L3 loops are prerequisites for prepore to pore conversion' . Since the membrane
msertion of the L1-L3 loops precedes the msertion D3 TMHs, it appeared reasonable that the
depletion of membrane cholestierol may block the msertion of the L1-L3 lfoops that, m turn,
would prevent the msertion of the D3 TMHs and block prepore to pore transition. Therctore it
was hypothesized that cholesterol 18 required for membrane msertion of the L1-L3 loops.

(3185] To test this hypothesis, the membrane msertion of the L1-L3 loops mto native and
cholesterol-depleted huRBC ghost membranes was measured individually, It was recently shown
that the ILY residucs Leu-518, Ala-424 and Ala-464, located within loops L1, L2, and L3,

: ‘ , | 17 . o - PR ‘ , |
respectively, msert into the membrane™’. To measure msertion of cach loop, a residue 1 cach

, T o AR2RC AGBAT p < rL5ISC\I5 _ e |
loop was mutated to a cysteine (ILY LY, LY v, and the sulfhydryl group

dentvatized with NBD. Ags the NBD located at these sties enters the membrane, 1ts fluorescence

15,17

emission intensity mcreases significantly ™. The emission imtensity of the NBD was compared

between sohuble monomeric toxin, toxin bound to huRBC ghost membranes, and toxin bound to
cholesterol-depleted ghost membranes.

{3186] In stark contrast to the increase n fluorescence cmission mnionsity seen when cach
loop mserts mto the membrane of native hRBC ghosts, depletion of approximately 90% of the
membrane of cholesterol abrogates the membrane msertion of all three loops (Fig. 4, panels a-¢).

Restoration of cholesterol to the cholesterol-depleted membrances restores the ability of the loops
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to mnsert nto the membrane (Fig. 4, panels d-1)). Hence, membrane cholesterol 18 required for the
insertion of the L1-L3 loops, and, as shown previously, this msertion is necessary tor prepore to
pore conversion’ 7.

3187} Aspartate substitution of residues in loops LI1-1.3 of PFO prevents iis binding to
cholesterol-rich membranes. The membrane msertion of the L1-L.3 loops of ILY was sensitive {0
cholesterel depletion in native membranes, suggesting that i PFO these sam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>