. GLUCAN PREPARATI ONS BACKGROUND OF THE | NVENTI ON Thi s application

~clainms the benefit of U S Serial No. 601813,971 entitled GLUCAN 5
PREPARATI ONS, filed on June 15, 2006. The present invention relates to
conpositions that include O-glucan. More particularly, the present
invention relates to soluble P-glucan conpositions and their use in
stemcell nobitization. 3 ucans are generally described as pol yners of
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glucan is a soluble yeast-derwed polysaocharide and has been shown previously to induce

hematopoietic stem and progenitor cell (HSPC) mobilization.

SUMMARY OF THE INVENTION

25 In the present invention, yeast is cultured, harvested and purified to yield particulate
C - P-glucan essentially free of contaminating volatile organic compounds (VOCs). Particulate
B~glucan is prepared by subjecting yeast cells or fragments thereof to a series of alkaline,

surfactant, and acidic extractions that remove host cell impurities.
Particulate B-glucan, produced by the above process or by prior art methods, is
30  solubilized in an acidic solution at elevated temperature and pressure. The resulting soluble
B-glucan is then clarified and purified using hydrophobic interaction chromatography
(HIC) followed by gel-permeation chromatography (GPC). As a pharmaceutical agent, the
soluble B-glucan can be administered at higher doses without increasing, or in fact

decreasing, observed side effects ot adverse events.



FI G is a schematic representation of a process for producing
'partlculate [3- glucan. FIG 2 is a schematic representation of a
process for producing soluble (i-glucan. 5 DETAILED DESCRI PTI ON OF THE
| NVENTI ON  Particulate [3- lucau Fig. | is an overview of nethod 10,
whi ch includes steps 12-22, for producing insoluble, or particulate,
[3-glucan fromyeast. In step 12, ayeast culture is grown, typically,
10 in a shake flask or fernmenter. The yeast strain utilized for the
present invention can be any strain, exanples of whi ch include
Saccharonyces (S. ) cerevisiae, S delbrueckll, S. rosei, S

m croel | i psodes, S. carls ernentati, S.
rouxii, Schizosaccharo @ﬁgﬁ%ﬁﬁggu”§W“§ %ﬁ%@g lactis, K
fragilis, K pofigspdos isse elwwp@@ntet@l)of al tyocessrfor pl@ducmgdwaléate 6
troplcalls 1ﬁ%nlﬂlll s, Hansenula (H.) mnngel, H. arni, 15 H henricii,
H. anerlcana
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chemical , &wmingdiGl@ngprace metals from compounds such as ferric chloride, hexahydrate zinc

‘ chioride; calcium chloride, dihydrate; molybdic acid; cupric sulfate, pentahydrate and~bor10

acid. An antifoaming agent such as Antifoam 204 may also be added at a concentration of

25 about 0.02%. ) .

( The production culture is maintained under glucose limitation in a fed batch mode.

During seed fermentation, samples are taken periodically to measure the optical density of

~ the culture before inoculating the production fermenter. During production fermentation,

samples are also taken periodically to measure the optical density of the culture. At the end

30  of fermentation, samples are taken to measure the optical density, the dry weight, and the
microbial purity.

If desired, fermentation may be terminated by raising the pH of the culture to at least

11.5 or by centrifuging the culture to separate the cells from the growth medium, In

addition, depending on the size and form of purified B—glucan that is desired, steps to

35  disrupt or fraginent the yeast cells may be carried out. Any known chemical, enzymatic or



2 mechani cal nmethods, or any conbi nation thereof may be used to carry
out disruption or fragnmentation of the yeast cells. At step 14, the
yeast cells containing the f~-glucan are harvested. \Wen producing
bul k (3-glucan, yeast cells are typically harvested using
continuous-flow centrifugation. 5 Step 16 represents the initial
extraction of the yeast cells utilizing one or nore of an al kaline
solution, a surfactant, or a conbination thereof. A suitable alkaline
solution is, for example, 0,1 M5 M NaOH Suitable surfactants

i nclude, for exanple, octylthioglucoside, Lubrol PX, Triton X-100,
sodi um | aur f , ] - 20 .11 ke.
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r7ngtce][ Io?| abéﬂlﬁgﬁﬁﬁ%@%‘e%’a&% iﬁ Elglua{%‘?lu%ofél?g?i{%ﬁefiﬂe and/ or surfactant
extracti ons sol nlond antbediaemd, fowrrtaetiopoarecaofed dtiheln tedirstaxtecion, wesst cel |
materials. yIRece dhixBewiP] 818 QIDINYHEHRAZ650°0 £ aBhrBRmaklY 60 RinGtedACI dS,
gﬁﬂg?nf&i d?gg'ﬁ %%?n@%%‘ract%ﬁrig g‘nc etll%aﬁllge/s%&g]c 0 e?(t?ac 1or}1€wh2%gy¥1§|insgltlblé %nB!argaFis and
Q 7 ~ resuspended in 0.1 M NaOH and about 0:5% to 0.6% Triton X-100 and heated to 90°C for
N approximately 120 minutes. The third extraction is similar to the second extraction except

that the concentration of Triton X-100 is about 0.05%, and the duration is shortened to

about 60 minutes. In the fourth extraction, the insoluble material is resuspended in about
30 0.5% Triton-X 100 and heated to 75°C for approximately 60 minutes, '

The alkaline and/or surfactant extractions solubilize and remove some of the

extraneous yeast cell materials. The alkaline solution hydrolyzes proteins, nucleic acids,
mannans, and lipids. Surfactant enhances the removal of lipids and other hydrophobic
impurities, which provides an additional advantage yielding an improved B-glucan. product.

35 Previous purification procedures resulted in f—glucan containing: minute amounts of



inmpurities, which provides an additional advantage yielding an inproved
’(3-glucan. product, 35 Previous purification procedures resulted in
(3-glucan containing mnute anounts of 3 volatile organic conpounds
(VQOCs). Previous studies have shown that VOCs are produced by the

rel ease of fat as free fatty acid, which quickly deconposes into
various VOCs. In nost cases, the anbunts detected are not enough to
cause harm however, it is an obvious benefit to have a product that
is adm nistered to humans or other aninmals that is essentially 5 free
of any VOCs. Fat content of the yeast Saccharonyces cerevisiae produced
by aerobic_and anaer obi ranges_ from about 3% to about 8% The
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Sacchar onymes caey; tw houme. detthi®] dkahd enodgh o fdsé hmfHRwbvertiQan obbious

ref er encespe, G OV e@pm(ﬁcb that is a@ﬂﬁﬂ%reg M huM;x,(s%E bfier aimafSRAL § ﬁgﬂxﬁlgl V.

Marie. 2001. Lipi conposition o rewer's yeast. Food Te

Bi ot echnol flreeé’g?@?&%l. Shul ze. 1995. Anaerobi ¢ physi ol ogy
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Denmark. 15 Van Der Rest. M. E , A H i ng, A Nakan Y., Anrak, B.
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59: 304- 322 Cl hul ze (.1995). B vy t .2001) Van
Her Rest e‘fom&?@i—oﬁ a(!r;f é‘g%g%a%/tc&écrhg(/o\?ﬁ%s (c ‘irﬁé“g(fe' 1%.)1?60&%&% r’%ogn gigi@ofg o6 12: 0

and 1214 4te8%n®s3% Laurie acid 14:0 and 14:1 8.8%5.1% 7.0% Mristic
cid 16:0 Pal miLiG.a€i f RL.dS% % %2 8%ia 184 690,36, 9%.32. 3%
Pahni t ol ei ¢ ac?dptgwc:’o Stear| & éé\lﬁﬁgrg 1%6%%@15(%?(18%0%118. 1 a e?pc acid
25. 7% 7. 3% 28. @o,@poiig'grgofmmpbqqgf Food Technol. Biotechnol. 39:175-181.

». Shulze. 1995. Anaerobic physiology of Saccharomyces cerevisiae. Ph.D. Thesis,
Technical University of Denmark. '
15 | * Van Der Rest, M. E,, A. H. Kamming, A Nakano, Y. Anrak, B. Poolman and W,
N. Koning, 1995. The plasma membrane of Saccharomyces cerevisiae: structure,
function and biogenesis. Microbiol. Rev. 59:304-322.

TABLE 1
. Blagovic et al (2001) { Van Der Rest et al
Fatty acid Shulze (1995) (anaerobic growth) (1995)
10:0 Capric acid 1.1%
120and 1221 g0 7.3%
Lauric acid .
. 14:0 and 14:1 "2 20 ' o '
Q B ; Myristic acid - - 8'8/9 > 1% 0%
) 16:0 Palmitic acid 26.8% 44.2% 12.8%
16:1 . <o 0 0
Palmitoleic acid 16.6% 16.9% 32.3%
18:0 Stearic acid 6.1% 13.9% 8.0%
18.1 Oleic acid 25.7% A 7.3% 28.0%
18:2 and higher :
Linoleic acid, 10.1% C 53% 9.4%
arachadonic acid
and others :

20 “includes lipids 10:0 to 14:1



Linoleic acid, 10.1%5.3%9.4% arachadonic acid and others 20 incl udes
lipids 10:0 to 14:1 4 Yeast cell wall material typically contains

10- 25% f at dependi ng on yeast type and growh conditions. Presently,
during processing of yeast cell wall material into | - glucan, sone,
but not all fat is renoved by centrifugati on and wash steps. Thus, a
typical preparation mght yield a fat content of 3-7% 5 The

manuf acturi ng process typically involves steps to renove nannoproteins,
| i pi ds and ot her undesirabl e conponents of the yeast cell wall. Sone
key steps commobn to this processing are various wash steps that enpl oy
acid and al kali_in separate washing steps to |iberate certain cell

wal | conponent s Yeaskeed vl materiahpigaly pontpine! (525 Ya fak ddpendiggstn yepst dpess wher e
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in fat conturaQbn i vidd Sbiteant of N@sal kal i wash steps commonly used in
production ‘of yeast 43-glucan | eave behind residual fatty acids and
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of living orgafhealigli Wash stbec copmaiyt isod in grodwtiorDof ydasgrB-glueanoleg@ni sm

dies or is  harveste or.furfher . processi.ng.such, as occur. i t.h
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Li pi ds. | n:redethdty. Chedirest regnlt of thy alk&1B&ash fdedsOis the @leare dE reacterfivefaty Mar cel
Dekker, o . i pi | p; f Food 25
chen st 1" & i Ry deaohlbostliARh i gioadl Boflays oPiu SEAflEulueS 21 C2o¢, 72
2-position of Nheergisyesearéhdis hagldetsildehei fact thetqopytumshtigtedfats dewapposeat ed
fat, Int h%uﬁf?gsﬁor ge. qﬁ{lﬁl@l!rl]éhtaf_ltg?%eﬁﬁyé agtfoxig%é gl th@?r@sehée o'é%x%g@ﬁ ii;/\ﬁl | - known

process of saponi 1l catli o \ IS re ea_S| n unsa grat e att aci ds
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several mMeGRaRIEIMRposhibE of R Rbid GAITRREWN as a triglyceride, is the liberation of the free
20  fatty acid from the triglyceride. Free fatty acids are virtually nonexistent in the tissues of

ic
hvas

living organisms, but decomposition is common when the organism dies or is harvested
for further processing such as occurs with oilseeds and in rendering of animal ‘fat.
( ~ (Nawar, W. W. Chapter 4. Lipids. In: Food Chemistry. © 1985. Editor: Owen R
' Fennema, Marcel Dekker, Inc.; DeMan, J, M. Chapter 2. Lipids In: P_ﬁnciples of Food
25  Chemistry © 1985, AVI Publishing Co., In¢c.) In many triglycerides, the 2-position of
the glyceride molecule is occupied by an unsaturated fat. In the case of alkali treatment
of B~glucan it is the well-known process of saponification that is releasing unsaturated
fatty acids that decompose as described below.,
The process of fat oxidation has several mechanisms. The most common
30  mechanism is autoxidation. The process is initiated by the removal of hydrogen from an

olefenic compound to create a free radical, The removal of hydrogen takes place at the



30 nmechani smis autoxidation. The process is initiated by the renoval
of hydrogen froman olefenic conpound to create a free radical. The
renoval of hydrogen takes place at the 5 carbon atomnext to the
double bond in the fat. The reaction is initiated by various free-
radi cal generating factors such as UV light, netals, singlet oxygen,
etc. RH4 R + H (creation of a free radical electron) 5 The second
step is the addition of oxygen to cause formation of a peroxy-free
radi cal, which propagates the chain reaction by extracting hydrogen
from anot h . ' 1 +.02 = j.on of
reactive o%%%%%géﬂogge ?Jg%%%(t d)%E%;at# e*l"&g‘é&ﬁﬁ%&“% 9s the
reactive hyeateheenesting dactorsesichie Hynjsbb wetals ginglstaxpgedaatey reacti on products
such as VOCs) 15 The chain reaction continues until it is term nated by
free radicals combining with thenselves to yield nonreactive products.
R +R - 4R- RRIDE BRr+H feypatign eiafive misalfelsbiraphi ng are the chenical reactions
that ocgur to formthe VOCs. Linoleic acid is ( used as a nodel for
the chem stry, but there are other unsaturated fatty acids present in
the yeast d8p Pecordl fteraf dheiaddifjenpaftoxyende cemiopratipnpiat Peseiy-frenagdicalpr oduce
the same enghichZRopRgdUsd SainR¥tbrr by Ractihe FtrRih fom HoAVARRLHEACT i ONS
form al dehydes,, al kyl radicals ' (which form hydrocarbons and 30

al cohol s), #¥egfds, al cohols, and hydrocarbons. 6 Exanple: H O H O |
CCCCCCGCCGC~CG _GCG-CG(O7-000 4 -3CCCCCCGCCCGCCG0O (2,4

ESC adi el%al ) }I-\é)z -)5R0-2U (gc_)'rmlj,tiod ofI reactive oxygenated free radical)

ROy" + RH - ROOH +R" (ROOH is the reactive hydroperoxide that decomposes to

secondary reaction products such as VOCs)

15  The chain reaction continues until it is terminated by free radicals combining with

themselves fo yield nonreactive products.
R'+R'2 R-R
20 R'+ RO’ - ROR
The following are the chemical reactiohs that occur to form the VOCs. Linoleic acid is
( used as a model for the chemistry, but there are other ufxsamrated fatty acids present in
the yeast cell wall and in yeast B-glucan preparations that. produce the same end

25  products.

ROOH - RO’ + OH-

RO’ > cleavage reactions form aldehydes, alkyl radicals (which form hydrocarbons and
30 alcohols), esters, alcohols, and hydrocarbons.



CGCCGCCGCCGGCGCGCGCCGCGO-4 (epoxide formation) -9 GG GGG CyJ-C=C GO
10 "~ Deconposition of the epoxide produces several products including
4 CGCCCCC (hexane) + O=CC=CC=0 (2-butene-1,4 dial) Simlarly, if

t he epoxide forns between the 2 and 3 carbon bonds the chem stry | eads
to: 15 GCCCCGCGCCGC GO (2,3 epoxide of 2,4-decadienal) 4 ethano
and 2-octenal O In a simlar manner, the formation of any VOCs
identified in (3-glucan 20 preparations can be accounted for by the
aut oxi dati on reactions that occur with deconposition of the reactive
speci es of peroxides fornmed during fatty and oxidation. Therefore, the
renmoval of as much fat from R-glucan preparations as possible creates a
product thdixamRlenpre pure not only in terns of fat but also in terns of
VOC contamination. 25 Referring back to Fig. 1, the next step in the
purification process is @n acidic extraction showa at step 18, which
renoves gl ycogen. One or re acidic extractions are acconplished by
adj usti ng tbe.pit-etcidecat(®atboed syciacicanc-exi-racbesls H&B&éﬂa%: to
bet ween _ about S and“@, @id mxing the material in about 0.05 t o about
1.0 Macetic acid at a t enper ature between about 70C and 100C for
approxi mately 30 ninutesé%g about 12 30 hours. 7 In one_enbodi nent,
the insoluble material r ining after centrifugation of Ht he

al kal i ne/surfactant extrdction is resuspended in water, hnd the pH of

t he sol uti GRCIGC-CatfUSEEd-0 6> @beaxitle fokmatidn-SCOTBOIC-AiRG=ECIO The
material is mxed with enough glacial acetic acid\fo make a 0.1 M
acetic acid solution, which is heated to 90C for 5 approximtely 5
é@urs. W step 20, the insoluble material is washed. In a typical wash

tep, the 'ﬁ%ﬁﬂo@hon 3f§hergﬂ]&§c¥!x pgc@g%%’ Ee%%‘h%godﬁ%@&u about room

tenperature a mninmu n e water wash is

carri ed out? CroCtG-Res (hexine) HOFECEEC=0-(@lbuteren . pdidHuct is then

col l ected, as shown by step 22. Again, collection is typically carried
out by 10 centrifugation or continuous-flow centrifugation. At this
poi nt., a pHmialsds the sgoxide frms ketwesn Bie 4 and? qarbeelbrnds the cliemisirg badsteie pr oduct
may bejsin the formof whole glucan particles or any portion thereof,
depending on the startin In addition, |arger sized

mat eri al . .
particles r%?%%-Cb<F=cﬁ<&%g%@ﬁrwldfr?é%ﬂ-éwaﬁaqap "¢ pthaol apf &-octenal
0

In a similar manner, the formation of any VOCs identified in f-glucan |
20 preparations can be accounted for by the auwtoxidation reactions that occur with
decomposition of the reactive species of peroxides formed during fatty acid oxidation.

Therefore, the rémoval of as much fat from B~ghucan preparations as possible creates a

( ~ product that is mbré pure not only in terms of fat but also in terms of VOC
contamination.
25 Referring back to Fig. 1, the next step in the purification process is an acidic

extraction shown at step 18, which removes glycogen. One or more acidic extractions are

accomplished by adjusting the pH of the alkaline/surfactant extracted material to between

about 5 and 9 and mixing the material in about 0.05 M to about 1.0 M acetic acid at a

temperature between about 70°C and 100°C for approximately 30 minutes to about 12
30 hours.



range of product includes (3-glucan particles that have substantially
retained in vivo 15 norphol ogy (whol e glucan particles) down to
submi cron-size particles, As is well known in the art, particulate
(3-glucan is useful in many food, supplenent and pharnmaceuti cal
applications. Alternatively, particulate (3-glucan can be processed
further to form aqueous, soluble P-glucan, 20 Soluble 3-glucan Fig. 2
is an overview of nethod.24, which includes steps 26-32, for producing °
aqueous, soluble (3- glucan The starting material used in nethod 24 is

particul ate f3"gl ucan uced, by met hod 10 o roduced
by any of a nun®ef® ’fnb?ﬂ‘mg\fl tE%@f‘gY)le?s"é naﬂ@ TABge after reniniypation aé‘th
(3- gl ucan sikalite/sndactaat extiactionnmyestispargeal rnnwstrz end the rpmlsﬁ)dhe solitimain 25

particles d S| cl lL.n st 26 articul ate
(3- gl ucan dm e?%%@ggug?&gi %?n"en‘t%?g&?‘ﬁeﬁ? Eﬁtafé“r‘ RS ‘gﬁr%e%?ﬁ elagialy at ed

t enper at ur excdtio pidothuowks el UbIM Betigl actiapnlutiee) wkickds hpaadt ioc B0°At for
(3-gluc d and m xed in a seal able reaction vessel in a
buf fer ?(;I u??rgﬁﬁgt%hgg%?%g ht to pH 3.6. Buffer reagents are added such
that every |iteft Stqpcaoaihevmluhiematmaltsmsmd nhil a typisah wmshi step, the Batenidl xt ur e
cont ai ns alout e PimnGlrifhd | |d and
430 g pel l et eh‘e lngarltl iﬁfgé%kre&?&?otoﬁ 5 m%ﬂfgmv%%lsuﬁﬂ ?Sb‘%ﬁ%‘g@ &C
nitrogen t &hpérmévaéb(yigéﬁﬂ@ndltutwert@me Tt'hh@unﬁ?degwrcen wiogent s ﬂm»
reaction vegg&ied §slﬁbv@1|gréc ar : eSSt &uf Bl de the
vessel is brou eh 5 Pgsttpa%ﬁd ?%?gm%gg%gﬂ]tsllsowbﬁsam{]eatg% t{orggb

&350 f o}0 bee Bﬁtlalb@monmlugusé?@d'@tgfuwms It was found that under

hese condi ti ong thif oifit3a ﬂlrlﬁ@@ﬂmﬂ&da{e ﬁsglhddﬁ) bxloﬂt?cﬁis feﬁ'&ed hﬁletpﬂﬂm& Ay ure
decr eases fro eases 51t

shout d’ be A’Sf f%'ar’frhﬁ“%glr%aﬂﬁ%f %&SL?F %“%PH%”EF\S‘?% “'8“' }“é °P & W in the
enbodi ment mafegat Injasldition, fasger sied prtigles amay bpbroke dowpinie smalierepsrtilerd THe essur es
may be r equmfged)flpiod&mﬁnﬂlidei rmeglucraeq»@.mmnthﬁtom ibeaRiaBy ebtaiied igageNt s are
alter ed The in g%glfg B&SS?&’ & &)w%tots% 1(aroats}%er eartlclnparts advant ages over
prior art pr ces & % izl ng P n ‘virtual l
elimnating t heAEUSé(elb‘Fnowazleh%MBﬂ”@H@ﬁﬁrgéW ig P%ﬁﬂi mW@ﬂy fpod, }S#P@éé@ﬁ
Hazar dous qﬁemﬁﬁicéudcnaéppmmﬁs PIARMhAME, halRERR B s%@dmr el s@l? rocds

, r

exanpl e, flammbl e VOCs such as ether and et han very strong acids
such as forfr‘\‘fhﬁlt%ﬁ’dm&ﬁl?roussﬁﬁ‘f“ﬁﬁlﬁr$‘(‘,"“‘hC| d and caustic solutions of very
hi gh pH. The present process is not only safer, but, by reducing the

nunber of different chem cals use? gﬁt% ?urrber of steps invol ved,
is nore econom cal . 15 The exact duralio heat treatnent is
typical ly det erfig: n7ed’ @X@lélplpwﬁfxgth@ Zébyvhlch mcludes steps 26-32, for producing

aqueous, soluble B—glucan. The starting material used in method 24 is particulate f~glucan,

which may be produced by method 10 or produced by any of a number of previously used
(\(\ ~ methods, The particuate f-glucan starting material may range in size from :whole glucan
25  particles down to submicron-sized particles,

In step 26, particulate $-glucan undergoes an acidic treatment under pressure and
elevated temperature to produce soluble P-glucan. Pelleted, particulate B-glucan is
resuspended and mixed in a sealable reaction vessel in a buffer solution and brought to pH

'3.6. Buffer reagents are added such that every liter, total volume, of the final éuspension .
30  mixture contains about 0.61 g sodium acetate, 5.24 m| glacial acetic acid and 430 g pelleted,
particulate B-glucan. The vessel is purged with nitrogen to remove oxygen and increase the

pressure within the reaction vessel.



sanpling reactor contents and perform ng gel perneation chromatography
(GPC) analyses. The objective is to maxim ze the yield of soluble
material that nmeets specifications for high resolution-GC (HR- GPC)
profile and inmpurity levels, which are discussed below. Once the
R-glucan is solubilized, the mxture is cooled to stop the reaction. 20
The crude, solubilized (3-glucan may be washed and utilized in sone
applications at this point, however, for pharmaceutical applications
further purification is performed. Any conbination of one or nore of
the follow ng steps may be used to purify the soluble fi- glucan. O her

means known in the art ma | so .be used if desired. S 28, the
soluble (3-gl u@‘&fﬂ%g“‘?}ﬁg% ?cﬁxp@ the pyesspig fside fie Xpspel i‘sg’é?‘é%tﬁo %igﬂsanp ncl ude,
for exanpl ethe wensnsiqniyhyated ©abayt 1359 orksivesnabens 4 Srnbhd bavrst rlf Wasdeuni on.

Next, the sdtuitefhdsScdtiiietheFBYIAS will sbuBiRd Adthe BhPMRuBYecthRPfradR. | N one
enbodi nent ,13%e mat for exanple, through a depth

. th amo%EtI ?l lﬁb?lizft{ollt eorcFegr € LI,
filter followed %y ag. X m?lilfﬂ%r. @tsaig 32 utilizes chromatography for
further purifi chehosld .bewpied tha thigserepentuiglapd pipssyra gre reguired én thosmiodimgied at

Sone poi nt jektidéstrtbedit Optindfhtion oftérteratdfds kil pdsQpamadyibe Meqhitdd iLdhy @fgk ogr aphy.

For exanpl €encdidn andmgﬁsogg%pggggﬂpgwfa@l p i ncl udes hydrophobic interaction
chr omat ogr aphy bl e S-EII‘ucaaH can be conditioned to the
THure B8 Y

'Bl%?Hl C% t he sol Ei
appropriate conlidiraiedPreasiee e eHp PBEFS YT BRHGH PRSI phat e
and sodi um facwetubtigng frgdgan blitalyclintnatog tiesisGofhaterdonneromicinirouteat e, 0.1
M sodi up ackdeale, HORIER ERmdse Ghat 9av§$‘é¢§ﬁsl}t B&nAlkd SicRde -f01'3é(axlnﬂe one
exanple of H C  a ﬁﬁl um |58§a0ﬁ%91avmlth_ Tosah Toyopear| But zg[l 550M 9
S (or TTERIF YRFs SR <R PO o SRS SUFAI % 7B BRI ng ¢ o
{:ﬁe manuf aciphuic'agid and sanstigwehtlens obyew. highrpHo (The preseniapaicery is nohenisfetirm ‘
equi | i br at it byf ledwing treCiu@berio$ disfarsm lcighichle hisep lthd the MthdCéfisichd Mvonadl
endot oXi N apALYSSTomiddle SOl uble (3-glucan, conditioned in the higher 5
concentration annoni ugl)ﬂsul h Fe sol ution, 'iﬂﬁ | oaded. and . then washed.
The natite of tHE C@fHaE™ 9@ ft Kgaimeat s picaldh determingd PRPTITSPEGY Y he
product wi |samplingebattey colentstnCpesfornuingigel peoweationshomabogphrdOBErangywsiuct s as
vel | as sonme bbjghiveloaaiindie i df seHitdehuairRl thdt heSBEfcatidnd FRUEH

Sol ubl e (3-4l r pi ' .‘ I S ] b er such
2s 0.2 M AeAAeRC I BoR9p Qs WiPBhy Rk SEH 46 Sled fudy e T
cycl es may Pr-gleia dssgiebilized, thegnigtys ipcaoled g stor thereii®bse | oad does not
exceed the capatietchid@kollitifzed Bldan iy d6 vhsBESand iMlizediasbrCdppiitatnsatanal yzed

for the soluble 5-gl ucan product. Anot.her. chronptogr.aphic.step that may
be. utili gedit Bt REPrdeiis, g ruf st © PRog® Rnpie of
GPC, a Tosaambigaliopeizene oHNSBRf thepliowing steps may be used to purify the soluble -

glucan. Other means known in the art may also be used if desired. At step 28, the soluble

B-glucan is clarified. Suitable clarificétidn means include, for example, centrifugation or
. 25  continuous-flow centrifugation.

(C,, : Next, the soluble f-glucan may be filtered ‘as shown by step 30. In one
embodiment, the material is ﬁlteréd, for example, through a depth filter followed by a 0.2
um filter. ‘ '

Step 32 utilizes chromatography for further purification. The soluble f-glucan may

30~ be conditioned at some point during step 28 or step 30 in preparation for chromatography.

For example, if a chromatographic step includes hydrophobic interaction chromatography

(HIC), the soluble ~glucan can be conditioned to the appropriate conductivity and pH with

a solution of ammonium sulphate and sodium acetate. A suitable solution is 3.0 M
ammonium sulfate, 0.1 M sodium acetate, which is used to adjust‘t:he pHto35.5.

35 In one example of HIC, a column s packed with Tosah Toyopearl Butyl 650M



equivalent is utilized and packed and qualified as recommended by the
“manuf acturer. The 15 colum is equilibrated and el uted using
citrate-buffered saline (0.14 Msodiumchloride, 0.011 M sodium
citrate, pH 6.3). Prior to |oading, colum wash sanples are taken for
pH, conductivity and endotoxin anal yses. Again, nultiple
chromat ography cycles nay be needed to ensure that the | oad does not
exceed the capacity of the colum. The eluate is collected in
fractions, and various conbi nations of sanples fromthe 20 fractions
are anal yzed to determ ne the conbi nati on with the optimum profile. For
exanpl e, R-GPC to yield the
conbi nat i orﬁsuﬂ‘la)?w% %ﬁ n@ ‘#ﬂ"&‘éa %ﬁéﬁ?@@};’glt%mf)ﬁ’ém‘(gﬁ”?eﬁiszed
profile, tlh@mm%mﬂsof h| gh nol ecul ar weight (BMWN inpurity, that is
sol ubl e S-gl uckiig tViREding3theOCMinkaR equilbrati®s HoWw-DeduglPlis Qsgldd t@ gilQ%  The

amount of (.Jgfm{ctm%){ glfdJ éﬂ?étg/X}ﬁ .?EJ;ISGS( LM/C\) SOdlg-Bg{n%ﬁl%h H&j tlon?(? f &Q glg% I's less

t han or equa sel ecte I nat ractIons is

s ubs equi ntdogeegtgneamontumy sypBatpyenluion, s lpadedsas dish éfas:becgl Theamtuiedf hari f i ed
and ready shRble \asgucaxFursﬁdnenatamkybf@bf t@&prodtﬂMw@&n@@ftﬁ@Hmmnﬂ Qbdler to
sterilize t esire e _Cco cenratlon of, the

0
ot oduct - cdieuBLITHIE biogtes SR Symy e REUSTE wERRUFRLE s e
ci t r at e- bubpeghe dokiblp ﬁréucalm@alpm prf the eptunaris eheteshritbquhuifferdieioasiOiled above
resul t i n gohilr QN OSCMlé&h@n (a&ta@' pE8s, MftipleN@tledhBViedRsesmBesi fiC
advant ﬁges llSalse %atptﬂa%%gee%ad ﬁoes IIO eexr}:t d ﬂ\'{\lhl C%Q\%?r nglrss?uslgradnogelargw The
sol ubl & ( E as an ecul ar el ween about 120, 000
and abo@ CCC@G‘S agpdaedsar thwl\%?erﬁogléf@mpraﬂucweu ght di stribution
—_( pol ydi spersi t Xpotief ERémaTRFBhit NP Znde a8y Bletu@liAd NRd gary ,JeRxegiBQ with
et ract valohasl GPER, ﬁe&n&%‘@“@% RS i A8 RO “angl e
spi nni ng 3SUirdeR! ig utlizedand @arkedqapd qﬂ%@%ﬂé@@am&%ﬁr@u the @mﬁfa"tﬁ’ﬁ y r| c |
chai nsliassomatieeuilivtied tud gited usifg ditatetbofiged silie (804 Wbb@lis diludan i s

typ| call'y gune WE&%%&M@ ﬁfh@@ﬁfﬁfoﬁtoﬁﬁémé‘@ohﬁ}lﬁﬂwasﬂ Eardpfes s kb By pH N wat er
i ndependent COSi tXl ncenlt)ratl on

et baace toudlinB o Bitold AMTERS A, M S G ipn RERE FEY &7
sol ubl e P-ugtdatia ﬁn%%%@ﬁloa%dqsﬁvqtpwﬁﬁ&emm@thw&ﬁmpart| cl es produced
by nethod 10. ThEliateZs éofipptadiit fracBpecintlivarats @mbiratvgeofodmples 2érs tigbser ved

in 3 B?d Cf}ﬁa&noné‘M\é.ﬁW%% &Rrrﬁn%@ﬂ{e éon%x(ﬂa&e’nYWtF&éoﬂ}a)nuéJpYoﬁl@ Fodamfigduci ng

sugar 0. 7_s%mp e/combmap ions may%e anﬁyze(iL by H?i C]r'Fé % y1€l<§) he comgma%on havmg an-
optimized HR-GPC profile. In one optimized profile, the amount of high molecular weight

(HMW) impurity, that is soluble B-glucans over 380,000 Da, is less than or equal to 10%.
The amount of low molecular weight (LMW) impurity, under 25000 Da, is less than or
25  equalto'17%. The selected combination of fractions is subsequently pooled.
( : At this' point, the soluble $—glucan is purified and ready for use. Further filtration
 may be performed in order to sterilize the product. If desired, the hexose concentration of
the product can be adjusted to about 1.0 + 0,15 mg/ml with sterile citrate-buffered saline.

The purification techniques described above result in an improved soluble f—glucan

30 that provides specific advantages as a pharmaceutical agent, which are discussed below, The -
soluble B—glucan has an' average molecular weight between about 120,000 Da and about
205000 Da and a molecular weight distribution (polydispersity) of not more than 2.5 as
determined by HR-GPC with multiple angle light scattering (HR-GPC/MALS) and
differential refractive index detection. Powder X-ray diffraction and magic-angle spinning
35 NMR determined that the product consists of polymeric chains associated into triple

10
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Product-related impurities include material with molecular weights greater than 380,000
daltons or less than 25,000 daltons, because it has been found that the 1mproved soluble B~

15 glucan falls between those molecular weight ranges.

An additional measure of product-related impurities is reducing sugar. Each glucan
polysaccharide chain ends in the aldehyde form (reducing sugar) of the sugar. Thus, the
amount of reducing sugar serves as an indication of the number of chains in the preparation.
Because a new reducing end is generated with each chain cleavage, redu.cing sugar, is a
20  monitor of chain stability, Reducing sugars can be measured by the bicinchoninic acid-
(BCA) assay, which is well known in the art, ' o

Potential process impurities include other yeast cell constituents such as DNA, yeast
cell proteins, lipids and other polysaccharides such as glycogen, mannan-and chitin. DNA
levels can be analyzed using the slot hybridization assay (MDS PanLabs, Seattle, WA).
25 Residual protein may be détermined by a colorimetric assay.for protein or by a more

sensitive commercial enzyme-linked immunosorbent assay (ELISA) that measures S.

11



reaction containing anyl ogl ucosi dase, which |iberates glucose from

gl ycogen, generating reducing sugars. The reduci ng sugars are neasured
by the BCA assay. Mannan is a branched pol ynmer of a-1,6-1inked mannose
with a-1,2- and a-1,3- branches that is nonitored, as nmannose, by its
nonosacchari de conposition. The product is 10 added to a reaction, and
t he mannose is hydrolyzed with trifluoroacetic acid and anal yzed by
HPLC. Chitin is a polyner of 0-1,4-Nacetyl glucosam ne, which is
nonitored by a colorinetric assay. Soluble (3-glucan is hydrol yzed

wi th sul phuric acid, and the resulting glucosanine forms a conpl ex

with Ehrlich's re sur dcolorl .C 5, . These and
ot her suit ZHPE%SE VQ@’RF Ecay@wgﬁﬁﬁgogyh %‘@Pell%ﬂw (ﬁja‘io "?hégséﬁif’?l][p%tent i al
non- yeast imaybeintoniteseddyi qyilunting evgpstefol lsvlscusing aevenstdsphasd diighi-peifioringrise t he
manuf act ur iliggd pHrefaRsgfaphy(RIPLHFE.CY Ivith @bcttén 4380 pgur f act ant) and Anti f oam

204 (ant| 1 02T g AARL ko BENEISS B8l PUATARLEY o B HRLG ol ot ect 1 on

at 280 nm can be | scern ntifoam
204 is &ssPRSuE @Y badqmmnﬂizy@nmm a8pgy. nBle;p@pds@ liscadlqd\fe arf IEYIPASIRI t Or i g
with an el eattoaspitayngrasfoghpestdasep ShicPberiRl @Ritads from ghosgeh, geserningle.

Certain progugh, s%ﬁﬁ&'ﬁh%?eﬂ&du%@ﬁga?sraﬁen%éﬁ%%?@xe%@Amkk%&' | zing the soluble

(3-glucan as a ar maceut | agent heSe speclt]lcations, are |isted
'n Table 3. TAEYEE B4t Egeheg palyrr 9 Gr bO-linled meRpots Yihakdd- pidRls-
Appear ance b¥inshdgthat @ rﬂxalitored;msi mHhh@E By itSadnasabddbrideedragositionp Ahéprodiceis 5. 0- 7. 5

Q51D i t100S ARAXR toH relRiA; and the PHdRISke %foWz%x&Qnﬂu@ﬁﬂ&héa&dHﬁr a@fﬂ%e%gf ile

GPC— I\/ALS S ard; ratio of peak ret’ention vol unes: t rength
ncentrati (tot al Colorinetrichexose 0.85-1.15 ny/ an hexose) assay
urrhes HWMW ne€létin is] & @rigmevief $-§ 40%acetyivehpqesamie; yhickgRCmomiogdsty7es

Reduci ng sugaimddichsaaps 8yluble f-gluckh if @yddoly2ad @lth iEphOSEacidlahd the resulting
' gluéosamine-forms a complex with Ehrlich’s reagent that is measured colorimetrically.
15  These and other suitable assays are known to those skilled in the art.

Potential non-yeast impurities originating. from components added during the
manufacturing process include Triton X-100 (surfactant) and Antifoam 204 (antifoaming
agent). Reversed-phase HPLC (RP-HPLC) with detection at 280 nm can be used to discern
any residual Triton X-100. Antifoam 204 is assessed by a RP-. HPLC method using

20  selective ion monitoring with an electrospray mass spectroscopy detector in positive mode.

Certain product specifications are proposed for utilizing the soluble $-glucan as a

pharmaceutical agent. These specifications are listed in Table 3.

. TABLE 3
Category Atiribute Method Proposed Limits
( ' , Appearance . Visual Clear,lco} orless
. Gegeral > solution
. pH pH meter 5.0-7.5
Osmolality . _Osmometer 260-312 mOsm
. - Conforms to
; o standard; ratio of
Identity HR-GPC profile GPC-MALS peak retention

volumes: 0.8-1.2
Concentration (total | Colorimetrichexose | (951 {5m g/ml

Strength

hexose) . assay
Impurities - HMW material GPC-MALS <10%
LMW material GPC-MALS <17%
Reducing sugar BCA assay 0.7- 1};23‘:)?: total

Ragi {l [ |”:nfm'n a I Ate <D of tr\"n]

lapinaateia s
Ao AT \JLUILAA V'-ll\.’ yl\.ﬂ-\dm N\ ek L
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_ assay hexose Chitin (glucosamne) Colorimetric assay ~% tota hexose
Mannan (mannose) Monosacc ari a sl %a of recovered conposition hexose
G ycogen Enzymatic 510% of total hexose yroGene Safety Endot oxin
reconbi nant Factor 50.25EU*/m C assa Bi oburden Menbrane filtration 5
CFU** Om  *colony formng unit * *endotoxin unit As stated above,

sol ubl e (3-glucan produced by nethods 10 and 24 is an inproved 5
product over prior art soluble (3-glucan materials. |Inprovenment is seen
inclinical trial results where soluble (3-glucan of the present

i nvention given at a nuch hi gher maxi num dose showed the sane or fewer
adver se events—{AEs) as-lower maximupdoses-of prior-art soluple

(3-glucan. {The results A.Lefsmvvnﬁ‘ A—teadt-e- 4010 TABLE oe | Al u
I mproved Sgl ubl e  (occuf Ehifig(ghposaming %o EploBhetriqagsal Jucaligey kDt al larti ci
ants) Bodylas a w hole B [T 790~ Nienodcchhiddd - | <iWe 8 reedveredd 0 8%
Pain 7% - - LCar i ovascul 323\’75%’25‘?1}“85(3 n/ Féousbiteg - -| 6% hBlogestive /

Nausea 7% 6% enic/|ynphati gyRBeghymisi s gnzymasc Leukoéle%;@f@tal - |-

hexose
’ PyroGene 0 .
Endotoxin recombinant Factor <0.25 EU*/ml
Safety ' C assay
Bioburden Membrane filtration | =<5 CFU**/10 ml

*colony forming unit
**endotoxin unit

As stated above, soluble f—glucan produced by methods 10 and 24 is an improved
( ) 5  product over prior art soluble f~glucan materials. Improvement is seen in clinical trial
results where soluble $-glucan of the present invention given at a much higher maximum
dose showed the same or fewer adverse events (AEs) as lower maximum doses of prior art
soluble B-glucan. The results are shown in Table 4.

10 TABLE 4

Related AE
(occurring in = 5% of Bf1' Impg_og&?:xlllzlble

total participants)
Body as a whole
Back pain 7% -
Fever 16% -
Headache 30% 8%
Pain ‘ 7% --
1 Cardiovascular
Vasodilation/Flushing - 6%
_ Digestive
N Nausea - 7% 6%
(C ' ~ . . [Hemic/lymphatic '
- R Bechymosis - -
Leukocytosis -- -~
Respiratory ‘
Dyspnea -= 1%
Musculoskeletal
Athralgia 11% -
Skin/appendages
Urticaria , 7% --
Rash - --
-Special senses
| Conjunctivitis 9% -
lmauumum single dose 2.25 mg/kg
*maximum single dose 6.0 mg/kg
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Respiratory Dyspnea -- 1% Miscul oskeletal Athralgia 11% --

Ski n/ appendages Urticaria 7% -- Rash -- special senses Conjunctivitis
9% - - maxi mum si ngl e dose 2.25 ng/ kg maxi mum si ngl e dose 6.0 ng/ kg 13
Bf1 is known by the tradenane BetafectinTM, a soluble f3-glucan
product devel oped by Al pha-Beta Technol ogy, Inc. The process to
produce Betafectin'rMutilized formc acid to solubilize particulate
(3-glucan material. In addition, Bfl was not subjected to any
chromatography in its purification process. 5 The studies were
performed with a volunteer popul ation of healthy subjects. Wen

conpared to Bfl__stud articipants taking the inproved saol ubl e
(3-glucan reporpgd‘S F‘?é%/(fé’r y the frapdename %@@Fﬂ“g@é%‘wk’tﬁ‘rgg‘% PfoqBCt ARYRPRFEm dosage

was nore t hglghaBetaiTagsolbdyalne. dfhe Biotess to platsee Baafbasia ™ uiiiighimidaskge of the
i mproved SC&'OHpikiﬁl Fs@ﬁcﬁia{écﬁ— lu&ﬁnmggiagl Y4 onI Eﬁs&'as%#tn%ggc | Ithd’n9aS| ng,

but likely actually even decreasing, side effects. tion; the
i mproved 1CMOBRQERRY (Bitguiiicstiondisesnot i nduce bi ochenical nedi at ors,
such as 3 nt er | el snudies (v8re percbriedniith a volegeengdpslation ©F Baalttsy, subjdetsc Wieause

i nfl ammat Orc)fmﬁziré@o %fff,%ﬁlﬁf pan:T 1@(&Qﬁ§§i§ ﬁﬁpr&t&d §otﬂﬁleqf-gﬁ&ﬂtre 'oﬂéﬁ%&éro.”

provi de several advant ages over prior art processeés and result in

i nproved 3-391E0E SIFNBreseLBpush teyraximm dosiggws Mereghiich tines BA LERET 4] | y
free of harfhyh m€CsgheSddsagaiof the vproveal sofubld fedlusaradan bsgiea hdeastawitionror e

econoni cal . ; ik 1hi | Lzat . f..particul ate . ( 3-dl,ucan
made by thé’lck)egsé@ggr?tﬁtd %lreyc%g]g”}fgéﬂp‘%c@%%’ Efgegffgeﬁﬁs'eat% ?Id (gwl_ﬂlbag "\%\ﬁ?ﬁhi npr oved
phar macBUt iselyble frahrcnt fogs notirdpge dioghsmicalimediatats; syeh ap Hderlprkinl B adiHmANnd
ﬂescri bed \Wedrbbis' fRdt@ Vol BRI caliR infRminktryikiag effe@ftbodi ments, it will be

nder st ood by those C'sksiel Iieﬁi] in ‘it'Mhe a{PtE t ha{g‘i var i ous chan resr.oi n_tf orm
and detail may PRAGE Y Rel"&PIT>H VIO Jiey rsf’Yeﬁg V?Wst?] g5 At and
scope of t peocesses@nd fegrt in Ruprevedbrpyernpecdudsy Thiparésypielrabidands espantially 14
ELA! VS 1. fRe GORRABI VAL, COMYillzston 9 YOHREA Yerdabe? 8 m8RlebdhboRic3-1@! ucan

avi n-g 15  addition, solubilization of particulate f-glucan made by the present process results in
soluble f—glucan with improved pharmaceutical qualities.

While this invention has been shown and described with references to particular

embodiments, it will be understood by those skilled in the art that various changes in form
and detail may be made therein without departing from the spirit and scope of the invention

20  encompassed by the appended claims.

C
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i mmunostinul atory properties, which can be adm nistered in single doses
up to about 6 ng/kg. 2. The conposition of claim1l wherein the
underivati zed, soluble P-glucan does not induce biochen cal nediators,
whi ch cause inflammtory side effects. 3. The conposition of claim?2
wherein the biochem cal nediators are interleulcin- 1f3, tunor necrosis
factor-a or both. 4. The conposition of claim1l wherein the

underivati zed, soluble (3-glucan is dlﬁMgled from Saccharonyces
cerevisiae. 5. The conposition of I wherein the underivati zed,

sol ubl e (3 glucan is between about 25,000 Da and about 380,000 Da. 6.
A conposi tli on cbapnpasiting q@ndneusmgandezmatlzeslomhhﬂleB(—ngﬁnjmamghaw ng an
aver age ninetobtanulaergpriopératsyedichadan bt adiAhidaed Dosimgiel dedeoup t@GHUOO0

Da, the canpkgition capable of being adm nistered to a human or ani mal
at a dose of up to about 6 ng/ kg. 7. The corrpositi on of claim6

wherein the undellyld-ftthor faﬁmgﬂg Rl AR AR TR KR
about 1. qdasdm%?efz&eggzo B e R

about 25 g/ng of hexose. 9. The corr_p05| tion of claim6 wherein no nore
t han 8% of. hunmdhs cadpositistefickdn 2 lvéhersid the\bidchzmital meditdoksearé Brglaukian
show any aqpguay 8ésesieMent-o okdoth.

4. The composition of claim 1 wherein the underivatized, soluble p—glucan is
derived from Saccharomyces cerevisiae.

5. The composition of claim 1 wherein the underivatized, soluble B-glucan is
between about 25,000 Da and about 380,000 Da.

6. A composition comprising underivatized, soluble f—glucan having an average

molecular weight between about 120,000 Da and about 205,000 Da, the composition
capable of being administered to a human or animal at a dose of up to about 6 mg/kg.

7. The composition of claim 6. wherein the underivatized, soluble B—glucan
contains no more than about 1.6% reducing sugar of total hexose.

8. The composition of claim 6 wherein the underivatized, soluble B-glucan
contains less than about 25 pg/mg of hexose.

9. The composition of claim 6 wherein no more than 8% of humans administered
the undervatized, soluble B—glucan show any one adverse event.

15



