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Bl agovic, B., J. Rpcuc, M Meraric, K Georgia and V. Maric. 2001.
Li pid conposition of brewer's yeast. Food Technol. Biotechnol.

39:175-181_ . . e. 1995. Anaerobic physiol ogy of Sac

cerevi si aé‘.”oﬁﬂ(.'%gwfﬁesi s, Technical University of Denn&’rcﬁ{'}?{zg%(f%gﬁﬁ
Der Rest, M E., A H Kamm ng, A Nakano, Y. Anralc, B. Pool man and
W N. Koning. 1995. The plasnma nenbrane of Saccharomyces cerevisi ae:
structure, function and bi ogenesis. Mcrobioli Rev. 59:304-322. TABLE
1 Fatty acid Shulze (1995) Blagovic at al (2001) . (anaerobic

grow h) Van Per Rest et al (1995) 10:0 Capric acid 1.1% 12:0 and
12:1 Laurie acid : 4.8%7.3% 14:0 and 14:1 Myristic acid 8.8%

5.1%7.0.% 16: 0 Pal mtic acid
mechanical methods, or any combination thereof may be used to carry out disruption or

fragmentation of the yeast cells.

At step 14, the yeast cells containing the B—glucan are harvested. When producing
bulk B~glucan, yeast cells are typically harvested using continuous-flow centrifugation.

5 Step 16 represents the initial extraction of the yeast cells utilizing one or more of an
alkaline solution, a surfactant, or a combination thereof. A suitable alkaline solution is, for
example, 0.1 M-5 M NaOH. Suitable surfactants include, for example, octylthioglucoside,
Lubrol PX, Triton X-100, sodinm lauryl sulfate (SDS), Nonidet P-40, Tween 20 and the
like. Ionic (anionic, cationic, amphoteric) surfactants {(e.g., aikyl sulfonates, benzalkonium

10 chlorides, and the like) and nonionic surfactants (e.g., polyoxyethylene hydrogenated castor
oils, polyoxyethylene sorbitol fatty acid esters, polyoxyethylene sorbitan fatty acid esters,
polyoxyethylene glycerol fatty acid esters, polyethylene glycol fatty acid esters,
polyoxyethylene alkyl phenyl ethers, and the like) may also be used. The concentration of
surfactant will vary and depend, in part, on which surfactant is used. Yeast cell material may

15  beextracted one or more times. '

: Extractions are usually carried out at temperatures between about 70°C and -about
90°C. Depending on the femperature, the reagents used and their concentrations, the
duration of each extraction is between about 30 minutes and about 3 hours.

After each extraction, the solid phase containing the f—glucan is collected using

20 centrifugation or continuous-flow centrifugation and resuspended for the subsequent step.
The solubilized contaminants are removed in the liquid phase during the centrifugations,
while the f—glucan remains in the insoluble cell wall material.

In one embodiment, four extractions are carried out. In the first extraction, harvested
yeast cells are mixed with 1.0 M NaOH and heated to 90°C for approximately 60 minutes.

25  The second extraction is an alkaline/surfactant extraction- whereby. the insoluble material is
resuspended in 0.1 M NaOH and about 0:5% to 0.6% Triton X-100 and heated to-90°C for
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
exiraneous yeast cell materials. ‘The alkaline solution hydrolyzes proteins, nucleic acids,
mannans, and lipids., Surfactant enhances the removal of lipids and other hydrophobie
impurities, which provides an additional advantage yielding an improved R—-glucan.product,

35 Previous purification procedures resulted in p-glucan containing: minute amounts of



26.8% 44.2% 16:1. 12.8% Palmtoleic acid 16.6% 16. 9% 32. 3% 18: 0
Stearic acid 6.1% 13.9%8.0% 18.1 Aeic acid 25.7% 7. 3% 28. 0% 18: 2

and hi gher tinoleic acid, arachadonic acid and ot hers 1% ' 5. 3%
9.4% 20i ntPRELIHHI 4 10:0 to 14: 1 Yeast cel I (\%g‘lﬁz““ﬁ‘é{l“&?ﬂ al

typically contains 10-25% fat depending on yeast type and growth
conditions. Presently, during processing of yeast cell wall materi al
I nto pglucan, sone, but not all fat is renoved by centrifugation and
wash steps. Thus, a typical preparation mght yield a fat content of
3-7% 5The manufacturing process typically involves steps to renove
mannoproteins, |ipids and other undesirabl e conponents of the yeast
cell wall. Sonme key steps common to this processing are various wash
st eps t hatvolatilp brgpnia céroposinds FIOKCa). | Previous efndieahsve stasiniting VOIOe ps pradluced
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added to t
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| i pi d. SThdreeeBanytVQ@&s.a reduction in fat content of the p-glucan.

Fat content of the yeast Saccharomyces cerevisiae produced by aerobic and
anaerobic growth ranges from about 3% to about 8%. The fat content varies depending
on prowth conditions of the yeast. Table 1 provides an overview of the typical fat
composition of the yeast Saccharomyces cerevisiae. The data is from the following

10 references:
* Blagovic, B., J. Rpoue, M. Meraric, K. Georgia and V, Maric. 2001. Lipid

composition of brewer’s yeast. Food Technol. Biotechnol, 39:175-181.

». Shulze. 1995. Anaerobic physiology of Saccharomyces cerevisige. Ph.D. Thesis,

Technical University of Denmark.

15 s VanDer Rest, M. B, 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%
12:0 and 12:1
Lauric acid . 48% 7.3%
14:0 and 14:1 ) . »
Myristic acid . 8'8% 1% 7.0°%
16:0 Palmitic acid 26.8% 44.2% 12.8%
. 16:1 . :
Pahmitoleic acid 1626% 16.9% 32.3%
18:0 Stearic acid 6.1% : 13.9% 8.0%
18.1 Qleic acid 25.7% 7.3% 28.0%
18:2 and higher :
‘Linoleic acid,
arachadonic acid 10.1% 5.3% 9.4%
and others

20 includes ]1p1cls 10: 0 to 14 1



- The allcali wash steps commonly used in production of yeast
f3-glucan | eave behind residual fatty acids and partially degraded
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deconposi ti on. Nuner ous researchers have detailed the fact that
pol y-unsaturated fats deconpose during storage. Al though a
triglyceride can autcoddi ze in the presence of oxygen, it is nore
common for free fatty acids to undergo oxi dative deconposition. The
normal step in the deconposition of a lipid, also known as a
triglyceride, is the liberation of the free 20 fatty acid fromthe
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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



Deconposi tion of the epoxide produces several products including
C-CCGCCGC (hexane) +(2-butene-1,4 dial) Simlarly, if the epoxi de
forns between the 2 and 3 carbon bonds the chem stry | eads :

C- C C C G ¥02aIIec o (2, 3 epoxide of 2, 4-decadi enal )PCE’%?WJ%t"%nd
2-octenal In a simlar manner, the formation of any VCOCs identified
in p-glucan 20 preparations can be accounted for by the autoxidation
reactions that occur with deconposition of the reactive species of
peroxi des formed during fatty acid oxidation. Therefore, the renoval
of as much fat from P-glucan preparations as possible creates a
product that is nore pure not only in ternms of fat but also in terns
of VOC contam nation. 25Referring back to Fig. 1, the next step in

\tAEe Eur i flceBbh ﬂﬂmﬂfe@@t@&lﬁa doBibld moﬁccindh@faexm%écltnems?mxted 8y velo8Pfredl 8,
ich remo e or aci dic, extractions are
acconplis ﬁ%ﬁc%gﬂéﬁiﬁ%%ﬁfhﬁ SP‘H’easﬂ'Ep Bﬁ“t’ﬂ‘é‘ alg sipglel A% Ffact ant  ext r act ed

material to between about 5 and 9 and m xing the material .in about
0.05 Mto A0 e nper at ur e bet ween about 70C
and 100C ﬁ*r)'%;%prfgx CMa 8 &l %%%Cgc ?élec OEdjeabout 12 30 hours.

I n one3Senbodi ment, the i nsol uble material renaining after

centrif ug%t gétoﬁai stems fak laadtﬁa%ﬁwgaﬁoa&hs 326&5@% 1091 de cibxb By

in water, of the solution is adjusted to about 7 wth
concentr at“@éFhHl’,'&PaEﬂ“ﬁ% thyeibaip| r5RotipR by sxleptie thndreﬁf‘eu@ttﬂ @P%‘B?’a‘!m”é'éfétefic
acid to n@te =id0. 1 M acetic acid solution, which is heated to 90C for
5 approximately 5 hours. At step 20, the insoluble nmaterial is
washed. In a typical wash step, the material is mxed in purified
wat er 18t Rz PBOm Hermptiersnireastivorxygenated fveradishD) about 20 ni nut es.
The water wash is carried out two tinmes. The purified p-glucan
product is then collected, as_shown by step 22. Again coI | ection is
typi cal | y R&art R RO +1‘bcéﬁ@9ﬁ‘ﬁé‘§t’i¢%ﬁﬁ”6?‘)’@6‘?ﬁ?’?ﬂ?o%§ pasgoses to
cent ri f Ug@ddofdiry reactionbodidit SucR@ WOCs® purified, particul ate P-glucan
product is forned. The product may be in the formof whol e gl ucan
particles or any portion thereof, depending on the starting material.
I n addbt i Ghe chaingesctish zedtinpey untdl i 9s teuypinbed biyokres ddivalsi evtabindupaiditer
particles | udes 13-glucan particles that
have substthg-rgtglag ng?‘?gﬁigﬁﬁé@ggﬁkﬂl% 15nor phol ogy (whol e gl ucan
particles) down to subm cron-size particles. As is well known in the
art, partircylraterEBrglucan is useful in many food, supplenment and
pharmaceutical applications. Alternatively, particulate p-glucan can
be processed further to form aqueous, sol uble p-glucan. 20Sol ubl e

p- gl uean R'+ROFPROR is an overview of nethod 24, which includes
steps 26-32, for producing aqueous, soluble P-glucan. The starting
mat eri al used in nethod 24 is partictilate Vglucan, which may be
produced Bhe filowing ar@thgchespigelyeastons thatpgeus fio kb ¥PCaf pr@m sifsi y
usgd ][Tet hqg\!%a als’éhﬂodaafotr |t&lﬁéﬁ%s&y,%dﬂ@gﬁb &b ?ﬂ‘kf ﬁ%amtearfh@ amyprésetﬂ_gel in
si Ze fromwhol e par s.down to su cron-siz articles.
T ot ep DB Park (AR ARG Ared R et r B o3t ABAF icer
pressuse arvduat.evated tenperature to produce sol ubl e p-glucan.

Pel |l eted, particulate p-glucan is resuspended and m xed in a seal able
reaction vessel in a buffer solution and brought to pH 3.6. Buffer
reagents ROOHdtBA 5Gh that every liter, total volume, of the final
suspension. 30 m Xxture contains about 0. 61 g sodium acet'ate, 5.24 nl

gl aci al acetl c acid and, 43 |l eted, partjculate p-gluca
vessel i sRRUPyERe¥RRT Frasiops gﬁ‘é‘rﬁ‘%&ﬂ%ﬁ@é”& Eé}ﬁ’h‘gh&f{’ﬂ}}’ﬂgﬁg ortst?ég

pressgpe Webivld), dshes, flesinls| 81d hyeSs&bons. In a parti-cul ar
enbodi nent, the pressure inside the vessel is brought to 35 PSI, and
the suspension is heated to about 135C f'or between about 4.5 and 5.5
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15The exact duration of heat treatnent is typically determ ned
experinmental ly by sanpling reactor contents and perform nggel

perneati o I Qe raphy (GPC) anal yses. The objective j .
maxi m ze ?ﬁ@n@ﬁgﬁéﬁgf soluble material that meets specﬁ?h@gﬁﬁgwéﬁ?%r
hi gh resol ution-GPC (HR-GPC) profile and inpurity |evels, which are
di scussed bel ow. Once the P-glucan is solubilized, the mxture is
cooled to stop the reaction. 20The crude, solubilized 13.-glucan nmay
be washed and utilized in some applications at this point, however,
for pharmaceutical applications further purification is perfornied.
Any conbi nation of one O nore of the follow ng steps nay be used to
purify the soluble 13- glucan. Qther neans known in the art may al so
be used ingmgﬁkred, At step 28, the soluble p-glucan is clarified.
Suitable clarification neans include, for exanple, centrifugation or
25cont i nuous-fl ow centrifugation. - Next, the sgjuble p-glucan
may be filtered as shomnoby step 30. In one enbodinert, the materi al

. . 0 .
£y L eLedoge e el oy euh o om Lok gtef a2

sol ubl & P-ghi can may be conditioned at sone point during step 28
or step 30 in preparation, for chromatography. For exanple,_ if a
chromat ographic step i ncfldes hydr ophobi c i nteraction chr offat ogr aphy
(HC), the soluble (3-gldican can be conditioned to the appknpriate
conduct i vViQ-¢-GLeCOHCWETCeO So{apbridenfoahatnronCAOCSHCghat@=Gad sodi um
acetate. A suitable solution is 3.0 Mamoni um sul fate, 0.1 M sodi um
acetate, which is used to adjusethe pHto 5.5. 35In one exanple of
H C, af%olum is packed with Tosah Toyopear! Butyl 650M resin (or

equi ;/al entﬁecoﬂmitmﬁbﬂﬂsegb@giwmesas&rggﬁdhm ﬂetluaiﬁ%_or di nght 0 tlhe
manuf act ur er. C ndatj OAS - - or to loading, the colum
equi |i br at?&ﬁ&é@ﬁ@%&?&ﬁ” ‘Ea%"éaoﬁ%ﬁutﬁ‘ﬁjl’%lﬁﬁucti vity and

endot oxi n anal yses. The sol ubl e p-glucan, conditioned in the higher
5 concent rg@t i ' fﬁﬁﬁ’ j ' .
washed. Tth]Hrlfgalt1 ﬁ?e 05 b}%ig‘%aﬁ)g% u ‘g"“g@gﬁljﬁdg&? b:‘”z bé@gﬁﬁg’ H%.%%%?é?'i ty
of thddproduct will bind to the H C col um. Low nol ecul ar wei ght
product s ascuetlc-asc 0 @3 pBtiecsti 2-dRdigl) P ledehtl bid Rb&edsBshed
t hrough. Sol ubl e P-gl yfan remaining on the colum is eluted with a
buffer such as 0.2 Mammonium sul fate, 0.1 M sodium acetate, pH 5.5.
Multiple cycles may be necessary to 10ensure that the hexose | oad
does not exceef, LhEnGRPIGhY, Fhe EMRMARES I - ank’ FOCsORSHAHE HOpLARLET
and anal yzed for the soluble p-glucan product. _Anot her ]
chr on&PogPEBHPETSt £33 Pﬁaﬂccmvdb%r Ui Ithez egforidatign| reprdions ddt gigcur with
chr omat ogdaqkipobifECHE the Readite: eaABPbRPS iR Corntd BagAh fali9 oreR{datib\B5F
resin, or &u}o\{alﬂ%nrte i§ %%isl i zekgfagﬁdm%}cl(ed arnd a%géi fi %Sd 128 et
recomended By EAE TR S- FUFEF PrHRM FrgEd) RIRRF TN A TTRF S1°85° And
el ut ed usprgiugti thettie noud freree dots ahlynim (efimd 4f Mat ddi abw chl erimdef WO011 M
sodi um ci tgat e, - 6.3).. Prior to |oading, colum wash sanples are
taken for pH conductivity and endotoxin anal yses. Again, nultiple
chr on#fogr aphyRefEng Parkalp Big- helg @t dereiisthe eluification Brocess idataddicnot
;—Jx ceed t hexteaatdaacsinbym @f stéphis, GAich !i’ﬂinovﬂlicﬁyéﬂgblﬂ][@lei 0]? nfod dcﬁﬁé ?ﬂ‘aéftibns are
ractions, and.various combinafions . of. s es om ractions
o anal y PSRRI bEPRER e R T S AR B R R R e BT e
For exanphiegut 8z Pend axiking ditel roaterighdry atipat 863 M eabobiy 1.6 @RGe boidyat el d

the conbi %gde%ré‘ﬂ&h@& %uh%”b iﬂdzl%ﬂc'd"%rﬁgfﬁ}o% et 8o lidhe NG 2ORY 151 2€d
profil e, the anount of high nolecular weight (H Inipurity, that is
sol ubP8 pkgfeicans over 380,000 Da, is less than or equal to 10% The
anount of |ow nol ecul ar” weight (LMAN inpurity, under 25,000 Da, is

| ess than or .equal to' 17% The selected conbination of fractions is

=
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Tabl e 2. summari zes the typical levels of inpurities in a soluble
p- gl ucan product 5utilizing whole glucan particles produced by nethod

10. TABLE I rity Specification Range of Levels Qbseryv i 3__
Bat ches HI\)SKP(ZE%Z‘GW%) 510% 4- 8% LMV (<25 | cD) s17% 8- 13"%@%&%@%?1853

sugar 0.7-1.6% of total hexose* 1.0-1.1% of total hexose d ycogen
s10% of total hexose <5% of total hexose Mennen (as mannose) sl % of
recovered hexose <0.6 to s0.8% of recovered hexose Chitin (as

gl ucosam ne) s2% of total hexose 0.2-0.5% of total hexose Protein
s0. 2% of total hexose

In one embodiment, the insoluble material remaining after cenfrifugation of the
alkaline/surfactant extraction is resuspended in water, and the pH of the solution is
adjusted to about 7 with concentrated HCl. The material is mixed with enough glacial
acetic acid to make a 0.1 M acetic acid solution, which is heated to 90°C for

5  approximately 5 hours.

At step 20, the inscluble material is washed. In a typical wash step, the material
is mixed in purified water at about room temperature for a minimum of about 20 minutes,
The water wash is carried out two times. The purified B-glucan product is then
collected, as shown by step 22. Again, collection is typically carried out by

10 centrifugation or continuous-flow centrifugation.

At this point, a purified, particulate f—glucan product is formed, The product may
be in the form of whole glucan particles or any portion thereof, depending on the starting
material, In addition, larger sized particles may be broke down into smaller particles. The
range of product includes B-glucan particles that have subsfantially retained in vivo

1S morphology (whole glucan particles) dowa to submicron-size particles.

As is well known in the art, particulate B~glucan is useful in many food, supplement
and pharmaceutical applications. Alternatively, particulate {§-glucan can be processed

further to form aqueous, soluble -glucan,

20 Soluble B—glican

Fig. 2 is an overview of method 24, which includes steps 26-32, for producing
aqueous, soluble f~glucan. The starting material nsed in method 24 is particulate p~glucan,
which may be produced by method 10 or produced by any of a number .of previously used

~ methods. The particuate B-glucan starting material may range in size from :who[e glucan
25  particles down to submicron-sized particles,

In step 26, particulate B—glucan undergoes an acidic treatment under pressure and
elevated femperature to produce soluble f-glucan, FPelleted, 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 éus;;ension .
30  mixture contains about 0.61 g sodium acetate, 5.24 ml 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.



<0.2% of total hexose Yeast protein Characterization** <2 ng/ng
hexose DNA Characterization <65 to <50 pg/ng hexose Ergosterol
Characterization <10 to <25 ug/ ng hexose Triton X-100

Char act eri Y2PYA4E 1 0 <5119/ ng hexose Antifoam 204 ChdEHBP10on
<10 ug/ ng hexose Total hexose is determ nedby a co onnetric
assay. Sugar polyners are hydrolyzed in sul phuric acid and ent hrone
to formfurfurals. The furfurals conjugate wth the anthrone to 10
yi el d a chronophore, which is neasured spectrophotonetrically.
**Limts were not specified. Product-related inmpurities include
material w th nol ecul ar weights greater than 380,000 daltons or |ess
t han 25,000 dal tons, because it has been found that the inproved

sol ubl e f315g| m@apﬁlalidr&nh@dxmnhéﬁ}@swemld@% Rlse§ bREnt tG BILSK, and

An 2001 QpebusfEasHiealo @508 s LA WSS LS 3 Bl A

sugar c hyde form
(redUC|ngt@ﬁgﬁ%?ﬁﬁ#RPﬂéngﬁéﬁﬁig#ﬁHE?mﬁﬂé‘ﬁﬁn@ﬁﬂwéﬁmFﬁﬂﬁ%Wﬁﬁmﬁﬁaaw
serves as 136°G, Hdianetitofisdibilizaennlsaereass. chains in the preparation.
Because a new naedugi Bgn&a{tha\t&ugt%sérﬁ&@dn r&slaux%%fé}e {1} thd SAVELRnt

reduci ng piofs rﬂge% Rbd wterggmﬁ&l@g ﬂ, ?' §)Xy be%%g%d g S

can be neasur.e cl nchon “wel |

known||1tWﬁ?Qﬂ¥m198Féﬂ %F“%?B@Eﬁ?ﬁanultles i ncl ude ot her yeast
cel | constit uedhsingigassd aresgand Veepsratuseinipary astvaitages ovid pricd sit aredesgdsher
Bol ysa?:chabn ﬂ)ﬁ.ﬁbilﬁu@m—gﬁlrﬂﬂ BYORgRNY eudm?amagmwa@df KeRAridua chdaithld @3 kiR Can
e an z I n rddi.zation ass

Seatt | 810y %icgﬁ %%ngdé %u%m F r.ﬁaq have p)gwotéfz){ %¥er1711 Hsgg %cﬁudte ?o(gledc?minﬂl& ri C
assay. % eF’bei“E‘ %%?gﬁ 51y SUERgn RS Sugh aSeFPzweﬂ01d| #ked
i nmuno sor ulrhuricpsigyand mptg;cg)lupﬂmof wesa bigh 8. She present process is not only safer,

but, by reducing the number of different chemicals used and the number of steps involved,

is more economical.

15 The exact duration of heat treatment Is typically determined experimentally by
sampling reactor contents and performing gel permeation chromatography (GPC) analyses.
The objective is to maximize the yield of soluble material that meets specifications for high
resolution-GPC (HR-GPC) proﬁlé and impurity levels, which are discussed below. Once
the B-glucan is solubilized, the mixture is cooled to stop the reaction. )

20 The crude, solubilized f-glucan may be washed and utilized in some applications at
this point, however, for pharmaéeutical applications further purification is performed. Any
combination of one or more of the following steps may be used to purify the soluble f—
glucan. Other means known in the art may also be used if desired. At step 28, the soluble
B-glucan is clarified. Suitable cfa}riﬁcéﬁén me;az.'ls include, for example, centrifugation or

25  continuous-flow centrifugation.

Next, the soluble B-glucan may be filtered as shown by step 30. In one
embodiment, the material is ﬁltered for example, through a depth filter followed by a 0.2
pm 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 B-glucan can be conditioned to the appropriate conductivity and pH with
a solution of ammonjum sulphate and sodlum acetate. A suitable solution is 3.0 M
ammonium sulfate, 0.1 M sodium acetate, which is used to adjust'the pHto5.5,

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



cerevisiae cell proteins (Cygnus Technol ogy, Southport, North
Carolina). Residual |ipids nmay be nonitored by eval uating ergosterol

| evel s usi d- phase hi gh-performance liquid chr

( RP- HPLC) gﬁﬁ%@%@gt.on at 280 rim dycogen is a poI %@{7}%5@%’3
conprised primarily of cel, 4-1inked glucose, and its 5 presence can
be determ ned by an enzymatic assay. The product is added to an
enzymati c reaction containing anyl ogl ucosi dase, which |i berates

gl ucose from gl ycogen, generating reducing sugars. The reducing
sugars are neasured by the BCA assay. Mennen is a branched

pol ynmer of a-1,6-1inked mannose with ct-1,2- and a-1, 3- branches that
I s nmonitored, as mannose, by its nobnosacchari de conposition. The
product i sesi(oacyislent). FThe eduobn b packad end duelified nbwseding ® theytlamfygmee swi t h
trifhior oag8hhfendatibss, and anal yzed by HPLC. Chitin is a pol yner
of 13-1, 4- I\I—ac§&‘§J qg'léé‘&%ﬁaﬁ?eﬂ&éuﬂé\f‘ §lp ldbrgtmfrlrﬁﬁow- r%ulﬂhb}’é samp Oll;ormi-%rl ¢

assay. Soluble I C aC| : ’he
resul ting °@’F‘l‘1‘8t3§&r"f‘f‘i1|€“dq“8ﬁ“?r§“ St e folyR!e 17— EH‘?‘% eqpdigionedaigdin highat i s
measur 6d codcestiatiet ainmabilnyg sulbbetd frdton din thadedhad tiebiviasiRzlie The asys oate

Ikgg\lljml?l E Ioetssg‘lﬁﬁl@ ;ﬁﬁ{h(%alhﬁéjsdcﬁ‘ Iﬂ%ﬂ?gﬁ 1;10 noé' rt]h[e prdﬁggt‘%ﬂﬁ 'bﬁllb Itﬂ@l@'}ﬁé%ﬁﬁmﬂ Low
manuf act u t"?“ﬁe Y gr%‘é‘gﬁ?%ﬁslﬁé” #xr?tsBﬁ’e %'@o‘ﬂ“ﬁ%‘éﬁf f“ie&gﬂ’gﬁ'iojm%ﬁfe Aeheloam
204 (ant i tiyeygbn Gobglerft-plucamavmniniad op he seludHPiGhitePy MPL B)ffenisudh 268286t | on
at 280 ur amgfiukesutaed.1 81 bdns ki) YHIBS 1 MtudlpleTdyicle® haX bl QlessARtbf 0am
204 i J08@s %ﬁsﬁ?eeﬁiapﬁle%eﬁﬁe loz!dp !fkgs q‘BE Iggcged']ﬁlh Q:g%aggr %? lﬂ%C ehﬂée l'l’rgcgions are

trospray. nass spec e ctor

moni tor| n

posi tive %B‘&?&t"‘d and analyzed forithe %f%%ﬁ“?ﬁ@&df‘%at i ons are pr oposed f or
utilizing the Suithesl ehidmgloprplic astem thitarmaCdut ivdtitedadengel plresaion
speci fi Cafcht@ﬂnﬁtogfﬁﬁlyl icH@d Talond abelnq)lesaf f}rﬂBLaEréiaIC&B?&féﬁr}’ HAY45H Rith,®r

g/gf g(r)fl SP; et Lglhlmlzteﬂ E&lr zﬁl m nd?ci ﬁlL: m%lﬁgcrmrer The
1? column is equx]xbpated amdmleuto.adr using c:trate-bu ered saline 0 14 M sodium chloride,

0.011 M sodium citrate, pH 6.3). Prior to loading, column wash samples are taken for pH,
conductivity and endotoxin analjzses. Again, multiple chfomatograp!‘iy cycles may be
needed to ensure that the load does not exceed the capacity of the column.
The eluate is collected in fractions, and various combinations of samples from the
20 fractions are analyzed to determine the combination with the optimum profile. For example,
sample combinations may be analyzed by HR-GPC to yield the combination having an.
optimized HR-GPC profile. In one optimized profile, the amount of high molecular vs;eight '
(HMW) imipurity, 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 _equal t0'17%. The selected combination of fractions is subsequently pooled. .

" At this point, the soluble f—glucan is purified and ready for use. Further filtration
may be 'pt_arformed 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 B—glucan

30  that provides specific advantages as a pharmaceutical agent, which are discussed below. The -
soluble B-glucan has an average molecular weight bétween about 120,000 Da and about
205,000 Da and a molecular weight distribution (polydispersity) of not more than 2.5 as
defermined 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



osnmoneter 260-312 nOsm . ldentity HR-GPC profile GPC-MALS Confornmns
to standard; ratio of peak retention volunes: 0.8-1.2 Strength

Concentrat] hexose). Colorinetric hexose assay. - .
men | npur*”?’%%@lq material GPC-MALS 510% LM mat eri'a ’%3@]75‘})11%%’
s17% Reduci ng sugar BCA assay 0.7-1.6% of total hexose Dant nw: e.
1-4.. . 1. -...@i.", . " 0., oo !

helices.
The soluble B-glucan is typically uncharged and therefore has no pK,. It is soluble
in water independent of pH, and the viscosity increases as the concentration increases.
Table 2 summarizes the typical levels of impurities in a soluble $—glucan product
5 utilizing whole glucan particles produced by method 10,

TABLE 2
Impurity Specification Range flf %g::glg? served
HMW (>330 kD) =10% 4-8%
LMW (<25 kD) <17% . 8-13%
Reducing sugar 0.7-1.6% of total hexose* 1.0-1.1% of total hexose
Glycogen =10% of total hexose <5% of total hexose
Mannan (as mannose) =<1% of recovered hexose <0.6 to soﬁizbogi recovered
Chitin (as glucosamine) <2% of total hexose 0.2-0.5% of total hexose
Protein =0.2% of tofal hexose <0.2% of total hexose
Yeast protein Characterization® * <2 ng/mg hexose
DNA Characterization <0.5 to <50 pg/my hexose
Ergosterol Characterization <10 to <25 pg/mg hexose
Triton X-100 Characterization . <] to <5 ug/mg hexose
Antifoam 204 Characterization <10 pg/mg hexose

*Total hexose is determined by a colorimetric assay. Sugar polymers are hydrolyzed in
. sulphuric acid and anthrone to form furfurals. The furfurals conjugate with the anthrone to
10 yield a chromophore, which is measured spectrophotometrically,

**]imits were not specified. -

Product-related impurities include material with molecular weights greater than 380000
daltons or Jess than 25,000 daltons, because it has been found that the improved soluble -
15  glucan falls between those molecular weight ranges. S
- An additional measure of product-related impurities is reducing sugar. Each glucan
polysaccharide chain ends in the aldehyde form (reducing sugar) of the sugag'.' 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 celf 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, Seatile, WA).
25  Residual protein may be détermined by a colorimetric assay. for protein or by a miore
sensitive commercial enzyme-linked immunosorbent assay (ELISA) that measures S,

11



WO 2007/ 146416PCT/ US2007/ 014055  assay hexose Chitin (glucostunine)
Colorinetric assay s2% of total hexose Mnnan (mannose)

Mbnosacchag i sition sl % of recovered hexose
Enzynatica\é/?g@g@(fm?gt al hexose Safety Endotoxin Pyro @%%03%103ant

Factor C assay s0.25 EU*/nl

cerevisiae cell proteins (Cygnus Technology, Southport, North Carolina). Residual lipids
may be monitored by evaluating ergosterol levels using reversed-phase high-performance
liquid chromatography (RP-HPLC) with detection at 280 nm,

Glycogen is a polysaccharide comprised primarily of o~14-linked glﬁcose, and its

5 presence can be determined by an enzymatic assay, The product is added to an enzymatic
reaction containing amyloglucosidase, which liberates glucose from glycogen, generating
reducing sugars. The reducing sugars are measured by the BCA assay. '

Mannan is a branched polymer of ca-1,6-linked mannose with o-1,2- and ¢-1,3-
branches that is monitored, as mannose, by its monosaccharide composition. The product is

10 added to a reaction, and the mannose is hydrolyzed with trifiuoroacetic acid and analyzed by
HPLC. )

Chitin is a polymer of B-14-N-acetyl glucosamine, which is monitored by a
colorimetric assay. Soluble B~glucan is hydrolyzed with sulphuric acid, and the resulting
glucosamine -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 impuritiss 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 B—glucan as a

pharmaceutical agent., These specifications are listed in Table 3.

} TABLE 3
Category Attribute_, Method Proposed Limits
: Appearance |- Visual Clegr,]co_lor less
General - - plution
; pH pH meter 5.0-7.5
) Ostmolality . . osmometer 260-312 mOsm
. Conforms to
. . standard; ratio of
Identity HR-GPC profile GPC-MALS peak retention

volumes: 0.8-1.2
Concentration (total | Colorimetric hexose 0.85-1.15 mg/mi

Strength

hexose) . assay
Impurities - HMW material GPC-MALS 210%
LMW material GPC-MALS =17%
Reducing sugar BCA assay 0.7- lﬁgf’ogg total
Residunt-proteln Celorimetiie-proteip——=0-2%of total—

12



Bi oburden Menbrane filtration s5 CFU**/10 m CO ony rormng um
**endotoxin unit As stated above, soluble 13-glucan produced by

nmet hods 10 S an inproved 5 product over prior

E3- gl ucan Vr‘r@{}g?%g?ig | mprovenent is seen in clinical tri gflusragdg@ﬂogs
where soluble P.-glucan of the present invention given at a nuch

hi gher maxi num dose showed the sane or fewer adverse events (AM as
| ower maxi mum doses of prior art soluble 13-glucan. The results are

shown in Table 4. 10TABLE 4 . Rel ated AE (occurring in5% of total
participants) Bfl1ll |Inproved Sol uble 13-Glucan2 Body as a whol e Back
pai n Fever Headache Pain 7% 16% 30% 7% -- - 8% . Cardiovascul ar
Vasodi | ation/ Fl ushing 6% Di gestive Nausea 7% 6%
assay hexose
Chitin (glncosamine) [ Colorimetric assay szzoe:g;gtai
Monosaccharide =1% of recovered
Mannan (mannose) composition hexose
. =<10% of total
Glycogen Enzymatic hexose
PyroGene
Safety Endotoxin recombinant Factor =0.25 EU*/mi
C assay
Bioburden Membrane filtration | <5 CFU**/10 mi

*colony forming unit
**endotoxin unit

As stated above, soluble B—glucan produced by methods 10 and 24 is an improved
5 product over prior art soluble B-glucan materials. Improvement is seen in clinical trial -
results where soluble f—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 §—glucan. The results are shown in Table 4.

10 TABLE 4

Related AE
(oceurring in = 5% of
total participants)

Body as a whole
Back pain 7% -
Fever 16% o
Headache 30% 8%
Pain . T% _—
{ Cardiovascular
Vasodilation/Flushing - 6%
Digestive
Nausea ] 7% 6%
Hemic/lymphatic
Ecchymosis - -
Leukocytosis -- o
Respiratory '
Dyspnea - 1%
Musculoskeletal
Athralgia 11% -
Skin/appendages
Uritcaria . 7% -
Rash -- --
-Special senses
Conjunctivitis 9% -
maximum single dose 2.25 mg/kg
*maximum single dose 6.0 mg/kg

ol Improved Soluble
Bfl B—-Glucan?

l
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Hem c/ 1 ynphati c Ecchynosis Leukocytosis -- -- -- -- Respiratory
Dyspnea -- 1% Muscul oskel etal Athralgia 11% Ski n/ appendages

Uticaria -- -- Special senses Conjunctiviti %, ~ - <=
2maxi mum sﬁ%gapmlﬁéod‘sme 6.0 ng/ kg Bfl is known by Pt%nTZU/S%?ug[ tlahe

Bet af ecti nTM a sol ubl e f3-glucan product devel oped by Al pha-Beta
Technol ogy, Inc. The process to produce BethfectinTMutilized formc
acid to solubilize particulate 13-glucan material. In addition, Bf I
was not subjected to any chromatography in its purification process.
5The studies were performed with a volunteer popul ation of healthy
subj ects. \Wen conpared to Bfl, study participants taking the

| mproved sol uble (3-glucan reported fewer adverse events even though
t he maxi mum do$dyis knawn hpthe ubbmam@ B&afkitint’s asdiatile pfglicdd prodiids dsvelopedruch

hi gher dosgog IﬁfBéti??echﬁH@égQVﬁ@' '?1%' plx'&les% té ﬁosééé%%afe%ﬁ“ Q604 oSt ahia kst
wi t hout |nc[§% %%nﬂﬂ # {( q o%y‘ﬁﬁ g creasmglG | de
ef fects. & PFOR =T 8\9‘8%? peswioa, B3l gyas ek s @éﬁdnﬁt any
i nduce bi d@f@?ﬁoﬁ@lﬂhmd&mxﬁ%ﬂmwmssas interleukin-1 (3 and tunor
5 The studies were performed with a volunteer population of healthy subjects. When
compared to Bfl, study participants taking the improved soluble f—glucan reported fewer
adverse events even though the maximum dosage was more than 2.5 times that of Bfl.
Thus, a much higher dosage of the improved soluble B-glucan can be given at least without
increasing, but likely actually even-decreasing, side effects. In addition, the improved
10 soluble B—glucan does not induce biochemical mediators, such as interleukin-1 8 and tumor
necrosis factor-o, which cause inflammatory side effects.

The processes of the present invention provide several advantages over prior art
processes and result in improved B~glucan products. The particuate f—glucan is essentially
free of harmful VOCs, Solubilization of B-glucan is safer and more economical. In

15  addition, solubilization of particulate B—;glucan made by the present process results in
soluble B—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. '

14



necrosis factor-a, which cause inflammtory side effects. The
processes of the present invention provide several advantages over
prior art processes and result in inproved (3-glucan products. The
particuate (3-glucan is essentially free of harnful VQCCs.

Sol ubi I'i zadon of (3-glucan is safer and nore economcal. In
15addition, solubilization of particulate (3-glucan nmade by the
present process results in soluble (3-glucan with inproved
pharmaceutical qualities. While this invention his been shown
and described with references to par iclk{’lﬁgr enbodi ments, it will be
under stood by those skilled in the ER t various changes in form
and detail may be nmade therein wthout departing fromthe spirit and
scope of tHe i ndavedessforproduningobibledtelygan hrxingsamaestmaiaipgBpiopettiesal Vs
1. A procedhe meresynopiiengg sol ubl e f3-gl ucan havi ng i munosti mul ati ng
properties, theagpiegaboucHiilios mots ofapesswys g susrsnsionst rsiculsie frghearf
pressure to a suspersdepidpfndparticul ate f3-glucan and acid; and

heati ng t he susheatisg n segpersianto al@s B33E ohhighafof pmesufiigrent sadofth gieent
to formthe sol ubl e soBbiy irghran.2. The process of claim 1 and further
conprising: clarifying the soluble p-glucan. 3. The process of claim
2 wherei n the stharbespeflanmarent Surtheacaniprietlgby centri fugati on,
filtration or aclgofhigieddotdldhenrat.. 4. The process of claiml
wherein the suspension is in a vessel in which substantially all
oxygen is BendVegh process ditEaiR06RESn BF sailigk PLdudigs 8bindd® oxygen is
removed by Sl i8n! fi@av@StlcoMblfidi héggen. 6. The process of claim
1 and further conprising: separating the soluble p-glucan into

fractions hasedrinraebLsiblAn Wt the subpenbd ipﬁ%%%%l Bfwiidnai m 6

wher ei n t hg,s@h4il 811 BxPledG@RmoSeSePar at ed by chromatography. 8. The
process of claiml1l wherein the acid is acetic acid.

5. The process of claim 4 wherein the oxygen is removed by purging the vessel with
nitrogen.
6. The process of claim 1 and further comprising;

separating the soluble B—glucan into fractions based on molecuiar weight.

7. The process of claim 6 wherein the soluble B—glucan is separated by
chromatography.
8. The process of claim 1 wherein the acid is acetic acid.
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