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sensi tW(e0hBP3sgi cal s, viruses, bacteria and eukaryofGI/FEPPZ2R8L dryi ng.
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techniques, including freeze-drying, feam-drying, spray-drying and dessmatlon Aqueoys solutlons of hiomolecules,

::l

viruses and cells are dried and stored as dry powders until their use is required.
In addition to dehydration, vitrification represents another significant approach to preservation (stabilization)
25 of sensitive biomolecules, viruses, and cells. Vitrification can be achieved in the dry siate at ambient temperatures, as
well as in an agueous environment under cryogenic conditions (freezing). Ambient temperature stability in the dry state
is extremely desirable for many reasons, including storage convenience and economics, transportation, flexibility of
delivery options, applicability to emergency situations and access to third world countries. _ Consequently, vitrification
of biomolecules, viruses and cells in the dry state is particularly desirable. However, drying of unprotected
30 biomalecules, viruses and cells, like freezing of such samples, may be very damaging. Therefore, there is a need to
develop preservatiun mixtures in which biomolecules, viruses and celts can be dehydrated and vitrified with minimum
loss of their activity or viability.
Relevant background art for preserving sensitive biologicals in a dry state are disclesed for example in WO 99

27071 A, DE 17 92 186 A, WO 91 18091, GB 799 644 and U.S. Patent No. 5,290,765.
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mass, and more preferably, between about 20% and 60% wi% of the total solute mass. Where oligosaccharides are

25 employed 4n the preservation mixture, they are preferably not raffinose, in accordance with one embodiment of the
invention.

The preservation mixture is preferably formulated so that it will not crystallize during drying and subsequent
storage for at least two weeks. Preferred formulations include: the ratio of sucrose to methyl {o: or [} glucese is
between about 4:1 to about 1:2; and the ratio of sucrose to MSG is between about 10:1 to about 1:4.

30 The present invention is also refated to a method of preserving a biological which is sensitive to loss of
activity or viability during drying and storage at ambient or higher temperatures. The method comprises mixing the
hiological with a protectant comprising a modified non-reducing derivative of a monesaccharide and at least one
additional compound selected from the group consisting of non-reducing disaccharides, non-reducing oligosaccharides,
non-reducing derivatives of disaccharides, non-reducing derivatives of oligosaccharides, proteins, polymeric

35 protectants, and monesodium salt of glutamic acid (MSG} to form a preservation mixture (as detailed above), and
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of the biol ogi cal o . .
25 least 20%-of the biclogical activity or viability is retained upon rehydration after storage for one week at 37 C.

The term “sensitive biclogicals” encompasses peptides, polypeptides, proteins, enzymes and coenzymes,

serums, vitamins, antibodies, and antibody fragments. Both naturally-derived or purified and recombinantly produced

moieties are included in these terms. This term also includes lipoproteins and post-translationally modified forms, e.g.,

glycosylated proteins. Analogs, derivatives, agonists, antagonists and pharmaceutically acceptable salts of any of

30 these are included in these terms. The term also includes modified, derivatized or non-naturally occurring peptides
having D- or L- configuration amino acids.

In a preferred mode of the present invention, the biologicals include any antigenic substance, capable of

inducing an immune response. Mare particularly, the antigen may be a protein or fragment thereof expressed on the

extracellular domain of a tumor {e.g., for the treatment of cancer), an allergen, or a infectious agent of portion thereof

35 {e.g., virus or bacteria). The term “vatcine” refers to a particular type of immunization, where the bioactive material is
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mat eri al by chem cal pathways such as oxidation, hydrolysis or enzymatic
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conmpound has been_ abbrevi ?I Preservation of Biological Miterials
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In a preferred mode of the present invention, retention of biological activity or viability may be maxirnized

| 30 during dehydration of viruses or cells by selecting drying parameters based on the following criteria: {1) protection of
| dehydrated internal and external molecules, envelopes, membranes and other biological structures is optimized by
loading the viruses or cells with protective chemicals, (2) loading may be achieved by equilibration of the viruses or

cells in Toading selutions containing permeating protectants, (3) the glass transition temperature of the protectant-

loaded viruses or cells is preferably raised above the desired ambient storage and/or delivery temperatures, and (4) the
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30 during dehydration of viru tin ters
based (B?TP"P'HB" “&f"FeHWtﬂba“@fdia[E‘:%\“"ﬁ'ﬁe p?i"}'t "B?"h?"@'@%/m%ﬁe wﬁhnutdg'ﬁg@ys'@ggm%gg& nal and
ext er ngl sJEFBlee@&ébﬁsmaltwvﬁérﬁp%lulosmmhké ammseamahtm hitfinode) midaghamw. ngiwadecdg ures i s
optim zed by |oading the viruses or cells WItE) r ot L mcal , (2)

| oadi ngeriiyes H@oa@mh@a@mwe@a@?bﬁ%daft"P‘B?f Heer i 'ﬁ'f%%@@ g8 B‘"‘E RS S'f“ﬁ

1 adi ngg g?}JetWIehé)%nl Clﬂmﬁﬁdﬁm ﬂﬂchp SOty R P byt Shdon®) rpWa@ﬂinﬁ?dat &d pdy@hylintiing) laRtS Sugar

fansi ) ature of the protectant- |oaded viruses or cells is
prefer abyblymersaikeslélwlla&nd)bvetmrﬁed ewiatinatithesathi Law molesylas weigfis highltsolgiie reans (e 3so
EterrperaturesCi pqd (4) the WO 01/37656 PCTI US00132261 m xture of viruses or
cel I's aME*PFOFEStant fornul ations preferably remmins at |east partially in
an anor phousn &é @éiered ﬂumunrogthelprgsenn gveamm whahwkscpineses, virghparticky endiopyirg) prdJprewial

o G e Sk B e e G BRI B

P4 ol 0gigeabHhnide, dfidodabtRaritBdn@ polyiver iholdik ﬁidh&éaaﬂmimdr yrim !gwemldculat Wm;ﬂigalgimmdlsdbtnnot
interfere 5 with the particul ar BI o] Q |

pr ot ec tPewrateAR REiest ’é'é"“"ﬁ‘f‘%\‘f‘f”ﬂ'é’est)df"i‘{‘é ehgpll, éghb P g@ea&\?atfglar(s)ﬁa (Cee

infra, @sweffofiaCatef) &90EHka twnidl) a8B6H a0 aalt Inemra tuabibrer fh anepnies od etbylated
stabilizing biological materials durin deh%dr ation. Mre artrLcuI arly,

t he pr atoessacebprides. Among the B epdysiekelfses. W’et"ﬁ'é‘%ﬁ)rﬂlsé FAYOP ST, frycEse: HerGHE,

Wi t houty,| ﬁvg]c!lr Iy, rﬁ%ﬁp LR SHGR Se foirérhon shgr, SHHEIRE Cand gkliﬁ‘r&&ﬁhnn eyt A.3€,
.sucrose, Xxylulose, ose, mannose, fructose, raffinose, and trega}f ose,

poN- r edi:hmiomgimethmmnwaﬂmﬂeﬂle avethyintad earesaethariles cresstheysiia @ Rl mettafatsg Fogmes of plue

d t t 10
Sl RV AR5 BB Bt

pol yacrayd )@mmqsndan Gisqochbrigest Ihg/dueﬂeamimw tomdfeswmteﬂamb@)mW%Faﬁﬂﬂ becpusethey) cOLL

d De |-ubl
) pr ot o e ey gl a S s B e BE B 00, Pl

Pr esentottie iy Hal B bffecalg ErehsiGranbd, By,drykg untes easuum,\rite steble f)anSt tompoeey okthinidmgrphoys fiied  and
non-viral vectors are being preserved, the protective conposition may
28 t herof BBMLINERI 9%t ures of a | ow mol ecul ar wei ght sugar, a 15

di sacchar i deymlidy SRaeERRes Witk digittfarile b ¥Rjpsatchfides eitettiyelpprevbriginsallizatpo biyther . The
| ow nol ecul ar wei ght sugar is used to penetrate and @ﬁgt ect .intracellula

st r uct whigosscatiaiidgs AuingHelgretiom !y @ﬁ"“"W@VWBbWV%T“@@W fgyincigasp fopglass ransitinn femperalure, ugar s
~may be Fo(:f‘ kiﬁﬁéﬁﬁlﬂneﬁ HlEfﬂ?eawh}éffi‘My% Yecr@Jsedlﬁ?ﬁﬂﬁﬁlﬁuf t%h%[e@ﬁﬁmﬂﬁtﬂmﬁo@ﬁﬂﬁﬂd&g Amt

neutral net'hyl ated or ethylated nonosaccharides. Anong
t he no rmotugidlmli;mags tlmtxr@ slubg in soneentiated bugal edditions ey be praployedy %WB@W@W?CCh?"F%*%S e,

%8 rbose FICD?[ dplllextran sha synthetic polymers, like hydroxyethyl starch, polyethylene glycol, polyvinyl pyrrolidone,

polyacrylamide, as well as highly soluble natural and synthetic biopolymers {e.9. proteins) will help to stahilize biological

membranes and increase T,

The ability of some sugars, sugar alcohols, and amino acids such as monosodivm glutamate {MSG) to protect
biologicals from damage during drying and subseguent storage is known. There are several publications demonstrating

35 the strong protective effect of disaccharides such as sucrose or trehalose for biomacromelecules and membranes,
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the five carbon sugars, ribulose and xyl ul ose; the four-carbon sugar,
eryt hul ose; and the three-carbon sugar, 1,3 20 di hydroxydi met hyl ket one.
Anong the net hyl at ed nonosacchari des, are the al pha and beta nethyl at ed
forms of gluco, nanno, and gal acto pyranosi de. Anmong ed five
car bon WEh§ld3iHdé are the al pha and beta forns of arabi %gﬁ‘[qg{'ﬂ%
pyranosi des. Di saccharides, |ike sucrose, are known to be effective

pr ot ec tggid isvestiihtord 16e mbRSchifpieR nlxuss ibukdiag rweosdcoimdes (’raegilicm,éructbﬁ@ eipdor dow nesfecBy dr at i on
on the surface of biological nmepbranes and.mac S . 1tion,
sucr os aveigi FhGF alcopshEannita) sP'E?”E"tﬁlaV pﬂ’é"me'feﬁl 5 ["lnagf’zydrf'r ansr\l“k%rd,r%ﬁpd"%ngelr'
under  Vagiid Weight Migdrs Sk Gerif RS Better GRS Qe @fs ahdiraideineatiino petettion. rFar th|25 of

t he coneentrated sugar. Conbi ni ng nonosacchari des vvlth |sa@chart|eges and

ol i gosamenamoneseschatdes @w 1oy eMolpoysF Gt 4UaE PGARYIS, PP 2o FERISEEY Ll I protectant

o} i gos addition, a polymer may be enpl oyed
tgo i nc?g@na%'i qﬁ%t%%% g@'rvglﬁés}?ﬁ?% g@"%@"n"ﬁ%"ﬁbgt ure (T) of the dehydrated

m xture, V\kanhemmyl sihgtions eukanag edumwmqnchlusdewm@m senpiive legpvines AYriBE Irage aligsi ght .
'm)nosaccharl gi Cept rat ed
sugar §Hl“@|?'\dg'ﬁ§thm¥%é§i%m y m&%m l%ﬂll‘ I)ﬁexa FOE'?& tﬁ@*@&%ﬁ%ﬁg}raméeg bg‘ﬁ‘lﬂkgd? 30

FI COLL tmsmsl:orDax;ﬁa& aﬂmham thay rwdrng inanogacchayinies rogd Heialwdiedhylﬁi mooayaetwrhgnl fregze- &liledh

pol yet hyl ene gl ol,i done. yacr

hi ghl y SBeSimers mee EIP'%‘{) ‘M Qﬁ%'%f"[" whgs %%“S'FWEH% "t"e“%sg’“a? %ﬁ“e“’“ﬁé‘}"m

j@ stahy *I%}Efethpdfﬁ fﬁrﬁ‘nhlatwﬁ‘ﬁmﬁ SRS 885t hidfiize &8 Rdulify powdrfbethalfrbtbdtdnyis).oh asorre
sugars, gar am no aci ds such as nonosodi um gl ytapat e (MSG)

to protpebred rhmioifo@Dtﬁaﬂmsmweﬂwﬂd'&ﬁmg’élpﬁﬂrs?cﬁ'@”‘lﬂii ¢ mevieed ‘“s"ipﬁ’s‘é(':]'ﬂ]@‘hf" LfYr age. i s
known. There gve t kiR aardinPewist the hrekent

pr ot ectpfo\Fétmg‘f 'Pd?'o G{J’lﬁéacgﬁgk#@%ggg%ﬂﬁgﬁg@gﬂit?dosteglgra trehal ose for .

bi omacriqemibnecul es and nenbranes. WO 01/ 37656 PCTI US00132261 Somre

i nvestigators use nore e.
ol Uoose. tr a Bae B Ry P el NEUCHARRARRRRE TSl Gt |
$O1 bi t O coid of vithiseb R 1H profestant fonRlation. Kitixinpiz, tflﬂeszaﬂiwdiauyfrwgmse itridse lod® &ltl%kﬁfharl des

 ower nol ecul ar wei ght sugars and their r i ves better at.e insi de
cells dnﬁfrtpwwuc@ée iKIe ik aphyfireps S‘aﬁedﬁseeeeﬂihﬁﬂ%“t@?tc ﬁf&“se hes A T8 bl T, 61
monosageh gslanc,iﬁ@ @Hﬁulul:&ty\ﬁem{lﬁgmy% m&?@éﬂgﬁﬁe $h Qi ke oD@ hethasgbienn2e° ¢
extensivel'y us ed rot ectant formul ations to prot ect cells and viruses
f r om dgkey Hiuitd).on damage. Preservation sol utions containing reducing
nonosacchari sensiti V. t and
'hat the. darieashas A0 L RryopiEr SR e Athial BhRT b SRkt 8O0
poee Expdme & sﬂlublelh@ﬁeﬂmblaculﬁwlght bdﬂlti&s Iﬂﬂammase TL i thn/alﬂwdtlyﬂpmtheb iagserdencewith oreeduci ng
nonosacchari des coul d he ap h%/ CASES \ﬁ’h n rrlsgsem dE';ﬁQredu?PgeC' nmens
wer e t ovgised; ephodigenh of S Bre t 'Ne'f“é?’ W@f‘g” RS e Y e ot Hsp Sanpl es are to
be st Oro‘ﬁ agﬁhaﬁdgmatﬁm@ﬁrahwm tAeOscdE offthig) paént apkestiop we twiiicdetiretthef tempmatuees obn may
be selected so as to mnimze the reducing

pr ef er rhetiveencaient 030° Ciad 108 & pmiyient tTpperatYees. ‘“r“é’&lfmﬁ'ﬁ'ﬂﬁd?vﬁrdboép%?&'?g@ﬁ'ﬁ%&?sdes alr e
et hyl gred i n; gnregl%d tﬁa hé)lp ﬁhﬂmﬁﬂ%ﬁlﬁﬁﬁ%sclﬂéﬁﬁtﬁigﬁﬂplﬁﬁbun FOBreft@ G RGertionps of

monosac CHAFF BELEERH a at e in accordance with the present
RRVent i ¢ Biomoldtulus,vinlsescand mllsfuwetnrgdetandmatfebﬁmmoalﬂ@lpmmtZPv@s Chiebghease the gl ass

transition tenperature suspensi 15 of t he
protect ant f B¥RARIToN: Ayt tl'—‘?f%"”’@%fr{‘ﬂ'r 'mgt"ﬁgﬂ%&d BfSERR ug% !'(‘)'%es #técﬁlér[ygggcﬁ‘fesipcl ose
to 7 C pr&té’cﬁngT\%us@J ard cells: JFof ExbififieD SGriethi QGuEISE (b toid- @Jcanrallﬂkld}a) deviopstipteisnige at e i s

sonmewhat bel'ow 40 C. d ucose has a nmuch hi 9her TB. For
protective characteristics when preserving sensitive hiolegicals by drying. This may be because the methyl group is

more hydrophobic that the rest of the molecule. For this reason, the methylated sugar will have some amphiphilic
30 hehavior, adsorbing preferentially to hydrephobic regions of proteins, virus envelopes, and other membrane structures.
This behavior may expiain in part the protective effect of methylated glucose. In addition, it is likely that cells which

can be loaded with glucose, can-also be loaded with o-methyl glucose, in order to provide intracellufar protection.
Indeed, o-methyl glucese has been used extensively to study glucose transport through the cell membrane.

Methylated monasaccharides have not been used in the prior art to preserve biological samples in the dry state.
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this reason, the use of glucose derivatives may be nore effective. For
exanple, the T9 of nethylated glucose is 29 C (see Figure 4). The

pl asticizing effect of |ow nolecular weight additives in preservation
solutions may be partially offset by 20 the use of sol uble higher

nol eculyeo (¥E37@s6 additives that increase T9 in the anhRETHIR00IR6E. | n
accordance with one preferred enbodi ment of the present invention, the
prot ect ant {'hlﬁ,iﬁ PaR Gl BiFing. OHod gi@sea@ﬁ,rmanuﬂde and a
sol uble pro 'glgrn ‘)9"?’%@9%@@%@ W‘?ﬁnsﬁga%ﬁg a @Flgaﬁlon we wll define the
t enper giigageQRould be us&ﬂebgmhemtmlnmuﬁllemﬁﬁl sE@roag tehaBe, r@tasnoawmv&fﬂ'dﬂﬂ%%}awa‘?‘m es, in

order to broadly velr nost

pref er F‘éﬁ‘“t"}‘f‘él‘l'zeﬁ‘ﬁ'@q‘r‘i@[”f‘?&jgvsgﬁﬁ dcm F"h%&?%rq%&%]ﬁm ose m\rél@;gﬁlfesd mg]%gtlmlﬁ%at i on
are di Eﬁ%h‘?éaueﬁltstﬂﬂg Faf e@ﬁl%fe\/tﬁédrdﬁihthty%ﬁcr@falhbtmmbﬁ ﬁ)cmdebsnethvhg}uwsmlui@ndlmml |s for
storage and/or delivery at room terrperat ure (20-25 C"%‘I org

Surpri ﬂnynggisylepermemvletbe antoseforrnatyl gedse Massipass P 9F Ay ¢ praeny r‘f@%cﬁé?: hari des

were parti CE C'fa ef ({dﬁ gAY )é%a.l n[;'ercuBF B%H‘ﬁf:atdﬁlﬂgs t\é?lrugﬁﬁfffoﬁ'ﬁmtl&l?&uhtﬁmmg’: Ehetixanl e,

a- met hyemg ucopyt anosi de) denonstrated uni que
pr ot e%héé&uﬁhﬁfe@éé&t@ﬁHﬁéthdﬁ%e%ﬁl@ﬁﬁ;rﬂh@ﬁ,&lm ng sensitive biologicals by drying.

This may be because the nethyl grou more h dro hobi.c t est of
t he nol ecul &imepdiear Ky ‘r@é%éte sgelsap ﬁétwc‘ﬁf"@c?p‘g%'&]ﬁr er‘fa}m hﬁﬂ%}h fﬁrmﬁmﬁ

arrphl P BldveStnedmR @Y hm%amcﬁgﬁélfe Qdn:lﬂgs'trﬂr.rt@éc 19 bR dnddr b Yaciu®. Thyﬁhilﬁgphpb l:amei eugl ons of
proteins, virus envelopes, and other menbrane structur

s, avi or

hmy expt wiperaiues ip the rangetobabpnt 3B e 74 Ge e &'F,*E"%Fmbﬁ‘lﬂeﬁ‘yih%lfaé‘ﬁ tm?@w@é’""w ﬂ‘

addi tion ° ol paffctidily GibILGiRs Gor Ccan
Yalso b&MH dh@?i“vﬁ 08 ES% then Brheﬁlfalltgg{mhgotsﬁgh%mﬁe@ﬁtfgﬂ%?gv|pdec L ntracel | ul ar

pr ot ecteifigient dryitgrd el sampl wmteshpelforegﬁtudcnge ald s artbaibin PGRPETY acseily MPW‘B‘F‘XI”’?"&“St udy

gl ucose _transport hro € RGeS des

have né‘t?"alﬂ"eé’rff"ﬁge&’& T (fﬁgd"?ﬁ'p?e i %amgw'?gds ﬁﬁ?@% rrﬂ\l¥gst E%lm?%gﬁglgq rrgj:ﬂ?rﬁlen t he
dry st apdfed foYfrsthidtichob 5 voldind Muﬁmm&a@a&on chundining b sensitbvetiopgtivesmitedal, frem ffr cigps o - net hyl

glucose in water crystallize duyrin o1 t.his Ayl

@;5 ucosé"!ﬂ'l‘itﬁﬂf“t?“ﬂ\é'%@éEP"'E“E?Q%‘tpW@H ‘?W"@%“Eﬂmf g odyptgal e b ﬁ%ﬁcgﬁ% rrg@gm%lﬂ
-trehal Q;fﬁr‘es [Fbntby bobm foﬂﬁ%haﬁ\éienmbdﬂmwswmmw 5(7B0/42D and[ﬁﬁﬁﬁ.iﬂﬁ ndronsbteie.. ) to nini ni ze
a- met hy fucose cr?/sta | zation and to enhance the

amor phous stllaitvé"ﬂa@rﬂ thpresgentinveon. diviebidogierk samples Y be reRE: dgﬂB?“"&éﬁmmﬂ egg’t he

pr Obab'bglbrg%arﬁ)éwlrﬁqlﬁﬁﬁ A, FRL bR boRbntrRioPseks 6 S campiiteddither Eﬂmﬁr “ﬁ'@d”m”“ an
during ependent on the sucrose/ a- et hyl ycose mass/

ratio aw sdmphmws@@dceam chainsuppanding ko theesprispnispiiermathgd ﬂh@ﬁfa @“@S W‘Elﬁﬂ‘f“ﬁ'&%"m‘*t he
di tion. of ! IRk AtA Gleaihitid SoheshtiaBidn ONS

@nt ai rif Bg*& %ﬂﬁe'\"g% ﬁqhgoh%ggiyv%ﬁﬁ’ ﬁﬂlé ﬂ%ggkatsdeemﬁg m[Fk{that can be achi eved in
t he dr Mncﬁﬂeafeﬁ&dnﬁ?fg.l mnmquMngpmigliv-frﬂﬂio Sthlg, G evprpet oamasis, S’E‘%{I"Em‘lﬁ‘ﬁ‘e ighnglogies, or
processi n erat | on% sgr es%rtv%rp on by foamformation involves the
f or mat i B’ T ongenffatiopIethodsXpW UL AL o ot ous structure by boiling under a

} vacuum The 1§ yainfigh a&tsan-cwm mmm; 1@ chuse dHem mman dmmgtdempartwumw spbatantiples lowighge  of
about -15 to 70 C. In, one thr e
Gur 1 ng ENAOF{ e FTTG e B & SRS S copll PGB ohe RRERR W

gg eser Vs@l%tioﬁk'%r QYpeﬁs@ﬂ%afn@ﬁrlﬂ?ﬁom@nand furirig @ dadity pRdcésy qu&.l' Solvsiemmal cduges the gfifidte i ent
rying of |arge sa VO bef ore V|tfr|f cati ag@ as an qure mln

prepari pr@ucaonméa@pchgmcqﬂy stablz gpeg£oll @rcp!oﬂngpﬂlgggus 0ant Igtweglal}:cal}y ous_ st

Feial rude. One
advant afgeﬁl (t,u sas Pl?hgﬁ dﬂgfllﬁls%fih@ﬁﬁcelﬁrlé‘tﬁ'dfﬂir@cess is scalable. Thus, the process
may be %’?eservatlon of 1y vol une of solution or sngl?ensi on
cont ai ni ng aThsmmmﬁurwhéﬂmmnﬂm@faHhQ Hy Tiom|and mostgyaferably fessithsn abog 4 Te'E

g in

mlililiter | & W21 REP TR osiller §asks NS, &SRO
liters (&M ’ftr'i'ﬁ?;?&mcum anélg‘wapgrbg@%gcﬂ% “BFrur E her details é
30 solutions, it may be advantageous to purge dlssolved gases by application of low vacuum (ahuut 0.1.0.9 atm) at reom

temperature. Such "degassing” may help to prevent the solution from erupting out of the drying vessel.

Stability Drying/Vitrification — The mechanically stéble foams formed during primary drying, may undergo
secondary of “stability” drying at increased temperatures. Since glass transition temherature {T,} is dependent on the
water content of the sample and since T, increases with increased dehydration, different stability drying protocols may be

35 applied depending on the desired storage temperature, to generate a T consistent with vitrification (i.e., the formation of a
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of preservation by foamformation are included in U S. Patent Nos.
5,766,520 and 6, 306,345 to Bronshtein. In a variation of the present

i nvention, dilute biological sanples nay be concentrated by partially
removi ng water before foamdrying under vacuum This initial concentration
step cawonel/atessnpl i shed either before or after introd®&HB88B82268hhe sanpl e
I nto the processing chanber, depending on the concentration nethod chosen.

In sitygpyl 0 Gooh doolingto ASSiofaqinPerAfle. tHowdvi GE@RE@hyiiatn SlomeaRtspattcal of t he
bi oI'og%caFW%‘%\}gmnagleg??al s, nethods contenplated for use.in_initial

concentimmssibie nce theclievechateret e glass aiatp, thrgkey i\ ifisptian FCEFTING tothe preseil P B i al 1y
frozen sf. : . S : ANRink &G 04 B highetyanOt her
conoontT e ek s (R0 RGOt R SG G A5 AR AN Bty it
vacuumthd apbigatersperatleen to boil during drying at tenperatures substantially
| ower than 100 C. \Wen reduced re I [ t.|
stispensi ons L&‘Bﬁ?éﬁ”’ﬂqeﬁ?pﬂ?t?ﬁs@&p@ﬁ’fgﬁl’{eﬁ%@tt&v@&nﬁﬁ glp i%fgo?e%%%hlwfwgf;ﬂ%gleons or
SUS Pe N SbrihiGtur SAEToRE Welgiager @ dr eddg 10 03401200 0.j and)50t Bren Somacmiangvhpe Bitgested ftorageher

sol vent renoval causes the ultjpate roductignﬂ of . a rlreqp@eni (;aaétl -er%%bl e
open- c ety bagyeferpdosiabiity drang coul bp esried outad popm tpppsrafyce Aqhonyefl by bpging T e gtorag Sec{f]rous

St ruct Uf GiowOrn othdr Retes, hoWLRdr, Sthie dhilith Birddmadmpdr AN idesired, tefifalratdn af Itemperare shover at ed
fillers. Twe vacuum for the boili nP step is preferably 0.10 Tarr, and nost
pr ef er atrimjeniperatere shpriirhe eatployed, fllowpdlycoohmB i OMARPPFERTE-t hi s cont ext means

Sgd eation aﬂ%n%ﬁﬁ”{p%ﬁnﬁlﬁ to@%ﬁgkrﬁﬁ, e RRthrE brid 5liny RdrRlerisi@RPihe spktfien @ill BetefineOt her

ses. In fact, solutions, it nmay be advantageous to purge
di ssol visshmayinmeemipiatuaiyzan witistand duriog the wimary digopster.( s sese of exzyme mesgrahgh, 1hWasr oom

t ' h."d i ng" h . . l-u1t. i f
D! 401 Sy D5 Ao B By S G el e )
mechani kb YossSo aRfnfatid Atk Thor, miie dehgldutiomgocess icavebe yonthusdi dugpg statdliyy divindat bjgher

secondary or "stability" drying at i.ngr ed te rat.ures. C . ass

Crans! t PRAeeY BEER YGJo MES e B (O BACP PRyt A e BB S

$3P! € @Rkt b Stabki€) ot BRgeRRREREN Wobehelr RadeABEEmpekaty.dr at i on, different

- stability drying protocols may be 35 applied agegq\?mm ng on the da?Se' r(?sd.
storage t enplepdtionta condusting &g stebiftetrdng-ph a emppatuce abpye the;seaqed, Fioroe SRS A % e |

the for Jﬁﬁ!al' e th%fd{yﬂgai's cafrie Gt Bt ?egiﬁﬁ)@tirﬁ)e(;ﬂﬁm adwaiOrdiseSTO btioth tRe SR HemiRra@leas s)

upon cooling to t storage tenperature. However, because dehydration of
mat er i aased osempiricaloesilts alytdingd withrdpind 3@ juiidions ofVolaucropey 15pR nose seltipnal WasEMOpSirate

state, the k vitrificati | LSS LBt d. PRmarpvher e
abi ont P uE T 2R sLFanply i s RSl i ¢ RRARNESRY 0 BRI, P10V
goyi Ng dfingdh thesdgariadnts fwas i Prhodi at vort keynperetugp (&0 Ck (Tharvesultsisegueshibatexiended siaidy at ur e.

5 Utimte storage er res ar ef er.apl i1 N .ange. - -70 C
Mbr e pr@f“@ﬂ'ﬁﬁl('?’,’eq%h%ﬁs Ett% ﬁi&@@m"‘%‘%&g@}"‘é’f ?}r%g c!%%qneb%:{é%dgdné ggergtg&g%gse{% r \Q,{ han or
equal t Qonotempmgtuse. I?DQ]Eume ﬂﬂogi,cal ﬁhﬁldi;lS lﬁhlﬂi arelnot heao We@ﬁmﬁﬂl ll)\'i' akehigler teglﬁeralug}e mavled
storage nmm e preferred, stabilit rying c carr u room

t enper a@@?ﬂéﬁ/efstﬁ"ﬁb‘!ﬂ)@lﬁ tigg 2t plygfpd ‘Hﬁ’e'f"ﬁ“’%/“ﬁ'g”‘ié‘l '?f?eésﬁgﬂt{? g’ﬁ%ﬁ? aef}a&tpc‘es%ragﬁg)terﬁygﬁ‘o%' In)
ot her i nst ang&gs enENRMEN the PRE&ASEiGHD e ifdadh iLEoolfdORUM Stadiip @yMY tune té the dilling r ed,
dehydration at a tenperature above roomtenperature should bgﬁﬁ?e&( | oyed,

. 261 | owetimissatumomied. g they the peyyiertiewiiasted o fyrder dryipy ethe undgs yacympbd AL W% he
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estimating T, by therma! analysis. Differential scanning calorimetry (DSC) is the most commonly used technique.

30 However, the Inventor has found that DSC may be unreliable for measuring T, in samples that contain polymers.
Alternatively, Thermally Stimulated Polarization {TSP) methods are specifically adapted for analysis of polymers. The TSP

method is preferred because it is reliable for all samples, although it requires siightly larger sample volumes. -



w thout | oss of enzymatic activity. Then, the dehydration process can be
continued during stabi lity drying at hi gher t enperature. Thus, by
continuous or step-wi se increases in the dehydration tenperature, labile
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30 J was studied during storage at 50° €. This experiment is des&gnea to test the tedu(:mg capalhlhty 31 addifvess suc1n8dQ

o

sugars. This reducing property is characterized by the capability to produce the Maillard reaction or enzymatic
browning reaction. For monesaccharides or simple sugars, the glycosylic hydraxy! group or OH on the C.is susceptible

to chemically react with amino residues containing NH or NH,, e.g. lysine, asparagine.



15 Ed) was transferred intoa 1.7 n mcrocentrlfuge tube, to which was
added 250 frl of 0.1M Tris HC buffer, pH 7.8. - The tube was placed on ice.
The ICOH (100 | aliquots) was preserved in 1.7 m nicrofuge tubes after
addition of one of the four different preservation so
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NH or Nﬁﬁfdﬁrag‘nm{(ys' ne, asparagine. WO 01/ 37656 PCT[ USOQ 32261 The enzyne
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Aft er dptiityugs gstimetgdironihe £henogs: i, posqibancs 4k hﬁ" mﬁ E{H'E‘Fe éﬁ" % a 1.7
m m crGaMegld #9e tube, to which was added 250 Fil of 0.1M Tr| s HCI

buffer, pH 7.°8. The tube was placed aon ice. TheICDH$ % (lCﬂHOtS)
was pr eser v aniple 3 1 The effpct af rededi aplaron Teryeng sugass @pd malyip op fspgirasDely 899?)af‘° f our
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remai nltmﬂ:erﬁ&mbmuﬂ}tamhﬂdslms chrBainiog NleéHyeg\Imnmed(@nene sanple from each )

preservation m xtu S, a ed for tivity ayed,
Rere d &t o BIH S rfart pCsuppi n S s e Mipui R B Bl s 2y
25 used: {1)730% sucrose + 10% maltrin solution, (2) 20% glucese + 20% maltrin solution, (3} 2[]% fructose + 20%

maltrin solution, and {4} 20% methyl c.-d-glecopyraneside + 10% maltrin solution.

ICDH (200 pi} was dialyzed in cold 0.1 M Tris HCI for 5 hours at 15-17° C. The buffer was stirred gently so
that the small molecules were evenly dispersed throughout the solution. After dialysis, the ICDH (total volume = 180
nl ﬁas transferred into 2 1.7 ml microcentrifuge tube, to which was added 250 pl of 0.1M Tris HCI buffer, pH 7.8.

30 The tube was placed on ice.

The ICDH {100 pt aliquots) was preserved in 1.7 mi microfuge tubes after addition of one of the four -
different preservation selutions. The preservation mixtures were vortexed and then aliquoted inte 10 ‘pl each. One
sample from each of the four different’ preservation mixtures was assayed at time zero. The remaining samples were

dried at room temperature under vacuum overnight. After drying, another sample of each preservation mixture was
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15 diluted sanples. (10 }rl} were incubated wwth 3 mM of 0.1 MTris HCl, pH
7:8, 101 of 10 M MhS™4, 10 | of 50 mM Isocitrate, and 10 | of 10 nmM
NADP' sol ution. The absorbance was neasured over tinme at 340 nm Rel ative
activity was estimated fromthe changes in absorbance at 20 nV vvlth a chart
speed &¥0M1¢3W686n. The results are shown in Figure 2.PEXAM082361 The

ef fect of reducing and non-reducing sugars and maltrin on Isocitrate
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drying fonﬂuhnbdsetrprsetmhlestabilltv ohthhamsrpbese folpwk stashduring,the ey drifige procey W"WH@? 656

CTI USOQY 32 iwéhc@s %ﬁ' gﬁgi nngi SIBIRR Y SRR Wk e @s§thatik. BRtafizatidh¥ed to L WO

eks ONE% eservation mxture was assayed for activity.
Al sangmp @Sceithabﬁt:cﬂsﬁag{)aﬁhturaMroeurﬂer tageelutopx e firist sp is rveleptian vithEormatigneef 7 g

and m xed by vortexin I with 3
1 ot sl i s abese sl gl TCIQRATE o iy W o HRAT RO S

| soci t ligdufties Aitih telnakerlal.OThe 1abiliadod\AAlNEse nBakt dependsron thl'kampwtse)anbmcﬁeﬂa?mf #Easur ed
over time at 340 riim Relative actiyi was fr es in
absor baplees oeo-spitfesm e seopd saevmaervfw@a@g&‘ywwa‘a@w mﬁ‘“&%" "“’s‘rT]sgu"ll'a‘m‘s”?‘g‘?&geg shown
26' Fi 94tk tl% nuélaf@éﬁ?l Ehiss alsqu@peﬁIElﬁ%hlfh@t&n%uﬁd #h6 the kcdntondtibn ainhetvamme:matonane of

met hyl a-d-glucopyranoside, the crystals were seale m num

pan s exithin the maISBIss Mudpetios is ontiruzeds e he saEle isfitied Slpse e 'E“E'getﬁl E"‘?Ydﬁﬁmﬁg‘]&f‘ and
then qui Gk stalhila%onq?[ﬂlte S Er%ta‘l AR witrbe feldfell 1 the GRESt) 13 GwerbddRe HaNEMRsiviidetiésl | ed.

The Iass Wanm tion errpera ure was measured during warmng (10 Mn). The
) change of the grptlei f | c heat associated with glass to liquid transformation,

T.--29° G IS?alutmns were Brgp%ter?q tﬂer?an@ H4b % ﬁ% wiw total solute within the range of solubility of the

25 compounds with different mass ratios between components, as seen in the tables below. AR sclutions were filtered
through 0.02 pm Acrodisc filter units.

The solutions were parsed into droplets on microscope plates and then exposed either to a fast complete
drying or to a slow and unfinished dehydration process, as described below. Droplets (10 pl) were placed on alcohol-
cleaned microscape shides using a 20 pi pipette to drop ten 10 pl droplets onto each slide, 40 droplets per sample.

30 Prepare boxes with DRIERITE {desiccant} layer. Sample slides were placed into DRIERITE boxes and sealed using
parafilm. The number of crystals formed were determined over time and recorded. After two weeks, the samples
were transferred inte a 52% relative humidity (RH} atmosphere (saturated Mg(NG,), ). Crystal numbets were again

determined over time and recorded. The results are summarized in TABLES 1.6 (below).
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Exanple 5 - The follow ng experinments were carried out in order to be able
to assess the capability of fornulations to preserve the stability of the
anor phous (gl ass) state during the dehydration process and subsequent 15
storage. Product damage can occur during crystallizati ing within
the gl aB¥YONBV656<. Crystallization is a two step pr oce%&f@éﬁbg'g%{#s in
supersaturated or under-cool ed solutions. The first step is nucleation with

formati on of stable nuclei of the phase that will crystallize. The
formation of the nuclei is experinmental|ly dependent on the inpurities
within the material. The stabilizat f these nuclei depends on the

tenperature and concentratm%@umsemgD“,P@{mp@;m.zernnco sol utes. The second
step is the propagation of the crystallization through the crystal growth
processes 20 fromthe nucl eus size. This is al so dependent on the
tenperature and t he—concet doie ¥l TTe VATTOUS £0fWitNsRge®” W Thip the
mat eri al s. Nucleatfon is oﬁ"“ mzé+d en the sanple is dried close fo a
cgnpl ete dehydration state (if the -soI ute crystal lization is pure) and

D
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COprOUﬂdS W t ffer ent _mass rat ios hetween comonents as—seenr—aA t he

0

t abl es beI o1 Al I sol ut 0.8hs were fiPBered thl‘Ol?l'éq'l 0. 0% |trr?5ﬁ@rod| d4c filter
uni t s. —rhe-gohttteps—werg-parsed- TNy dr Opl et'S 98y ™ Ccr 0Scopespl at ey and
t hen exposegmmthe' gﬁq ast conpl g’?ge drying or to ajlslow and unf|i ni shed
dehydr gt T onzg@r ocesE, asu.dlescri )ed bebow. Di opI eﬂ@ﬂ(lo Irl) WdPe placed o

al cohol-_cl eaned croscope-si HSAY ttet irop—tern 10 fil

uug ng a LU I pULLF | QL)
dropl et s oni® each| sl i d800'40 ¢ opl Rkl per s$anpl ‘g*dh 30 Prepare boxes {with
DRI ERI

[ S

FE (dggiccant) Taggg. safpl e ghgdes ywere plgaced ijnto DRBERI TE boxes
and sepl ed uSing parafilm The nunber of ¢rystals forned were-detgrni ned

me

over t arsd reco ded UMter fwo w88ks, the sar‘hgpes dere th¥nsferfred into

a 52% felatiye—humdi-ty H—atosp e(sqturaggg Mg(NGB) Z glgg O yst al
nunber é1agal ny det QP ned overld{ﬁ?me amd recorded., iThe results lare

Sunmar Fzed 36 TABLES 1= 608 bel ol W0001/ 37§56 PCPIUS0043226 BIABLE [1 50%
Sucr ose: MBG nrnnln m\lcfn|||7 n_ N0/ NI ¢+ ~r oc e Yo VAR =

tIC T3t 0= JZ2 70 I_IbL 5 l.|0 V\Bek
1week Pweek %eek 2 Sucrdle: MBG 40: .000.007.53@ 00 3 3 gtg 0.00 2.50

1:30 60.00 NIA 7750 7750
1220 72.50 NIA 75.00 75.00
1:10 72.50 NJA 75.00 75.00
18 75.00 NiA 80.00 80.00°
1:06 9500 NIA 95.00 95.00
1:04 42.50 NIA 42.50 42.50 )
125 5.00 NiA 5.00 5.00
101 0.00 /A 0.00 0.00
50% MSG 70.00 NJA 70.00 70.00
* DRIERITE
** MgiND;),
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- 2.50 20:1 -0.000.000.000.00 10:10.000. 000. 000.00 8:10.000.000. 000. 00
6:'10. 000. 000. 000. 00 4: 10. 000. 000. 000. 00 2.5:10. 000. 000. 000. 00

1:407. 50N A12. 5015. 00 1:30 60.00 NVA 77.50 77.50 1:2072. 50N A75.0075. 00
1:1072. 50Nl A75. 0075. 00 1:875. 00N A80. 0080. 00 1: 0695. O0ON/ A95 0095 8

1: 0442 VBONVIIATB56042. 50 1: 2. 55. 00N/ A5. 005. 00 1: 010. 00N/ BETi 2@ %
MBG70. OONI A70. 0070. 00 *DRIERITE **My(N03)2 WO 01/ 37656 PCTI USO0L32261
TABLE 2 50% Sucrose: MSG Droplet Crystallization (Drierite only) Ratio
Sucr ose: MSGreek 1week 2 50% sucr osqfei@®0. 00 40: 1HOO. 00 30: 10. 000. 00

20: 10. 000- 00 10:10.000.00 8:10.000.00 .
50% Sucrose:MSG Droplet Crystailization

(Drierite only)
Ratio Sucrose:MSG week 1 week 2
50% sucrose 0.0 0.00
40:1 0.00 0.00
30:1 0.00 0.00
20:1 0.00 0.00
0 0.00 0.00
81 0.00 | 0.00
6:1 0.00 0.00
4:1 0.00 0.00
2.5:1 0.00 0.00
[+ . 0.00 0.00
1:2 0.00 0.00
14 2.50 2.50
1:6 0.00 ‘ 0.00
1.8 15.00 15.00
1:10 : 65.00 65.00
1:20 92.50 92.50
1:30 97.50 97.50
1:40 : 2.50 2.50
50% MSG 100.00 NIA
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6: 10. 000. 00 4:10.000. 00. 2. 5: 10. 000. 00 1:10.000.00 1:20.000.00 1:42.502.50
1: 60. 000. 00 1:815.0015.00 1:1065.0065.00 1:2092.5092.50 1:3097.5097.50
1:402.502. 50 50% MSGLOO. OONI A WO 01/ 37656 PCT/ US00/ 32261 TABLE 3 50%
Sucrose: Il nositol Droplet Crystallization 0% RI'1 storage 52%.RH st orage
Rati o weekoilumgls 2week 1week 2 Inositol: MSG 4:1 90 100 PKITAURDH32261

6: 1100N AN AN/ A 8: 10100N ANV A 10: 1070100NI A 12: 1067. 5100N A 16: 100100N A

20:1°0°0 TABLE 3

50% Sucrose:inosito! Droplet Crystallization

0% BH storage * 52% RH storage **
Ratio week 1 week 2 week 1 week 2
Inositol:MSG
A1 90 100 NIA N/A
6:1 ‘ 100 NIA NIA NiA
8:1 0 100 NIA NIA
| 10:1 0 70 100 NIA
12:1 0 67.5 100 NIA |
16:1 D 0 100 NJA
20:1 0 0 100 - N/A
50% sucrose 0 0 12.5 225
5 *  DRIERITE
> Mg{NU;,)z
: )
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100 N A 50% sucrose0012.522.5 DRI ERI TE NG3) 2 WO 01/.37656 PCT

TABLE 4 50% Sucrose: Met hyl (x-dd ucopyrﬁgsi dZa‘ (MAG) Dropl et | IS007 32261
Crystallization 0% RH storage * 52% RH storage Rati o Sucrose: week lweek
2week 1week 2 MAG 501' O sucrose0. 000. 002. 50NA 40:1 0.00 2.50 2.50 NA

30: 10. 9P6-01RF68NA 20: 10. 000. 000. 0ONA 10: 1D. 000. 002. SANATHISA8/33361 000. OONA
6: 10. 000. 000. OONA 4: 10. 000. 000. OONA 2: 1 0.00 0.00 0.00 NA 1:10.000.002. 50NA
1: 20. 000. 007. 50NA 1:40. 002. 505. OONf g4 g®45. 0055. 0065. 00ONA .

50% Sucrose:Methyl o.-d-Glucopyraneside (MAG) Draplet Crystallization

0% RH storage * 52% RH storage **
Ratio Sucrose: week 1 week 2 week 1 week 2

MAG

50% sucrose 0.068 0.00 - 250 NA

a0:1 0.00 250 250 NA

3011 .00 0.00 ~ 500 NA

2011 0.00 0.00 0.00 NA

10:0 0.00 0.00 250 NA

8:1 0.00 0.00 0.00 NA

g1 0.00 0.00 0.00 NA

&1 0.00 0.00 0.00 NA

71 0.00 0.00 0.00 NA

1 0.00 0.00 2,50 NA

12 0.00 0.00 750 NA

14 0.00 | 250 5.00 NA

16 45.00 55.00 6500 NA

18 22.50 4750 67.50 NA

110 30.00 5250 5250 NA

1:20 67.50 100.00 N/A NA

1:30 67.50 10000 N/A NA

140 100.00 NIA NIA NA

50% MAG 100.00 NJA NIA NA

5 *" DRIERITE

" MgiNO,),
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- 1:822.5047.5067. 50NA 1: 1030. 0052. 5052. 50NA 1: 2087. 50100. OON! ANA

1: 3067. 50100. OONI ANA 1: 40 100.00 NA NI A NA 50% MAGL00. OONI ANI ANA DRI'ERI TE
My(NGB) 2 WO 01/ 37656 PCT/ US00/ 322611 TABLE 5 50% MSG Met hyl a-d .
Qd ucopyranosi de (MAG Droplet Crystallization 0% RH storage 52% RH storag
Rati 0 WBQ ONRSSek 1week 2week | 50% MSGNI ANI ANI A 40: maﬂpﬁmzm
30: 1IN ANV ANV A 20: 145. 0045MD045. 00 10: 197.5097.5097.5 8:1100. 00N AN A
6:12.502.507.5 4:12.502.502.5 2: 10.1@8(k 500 1: 10. 000. 0035 1:22.507.5017.5

1:42.505. 005 1:620.0022.5037.5 1:85.007.5012,5 1:1087.5087. 5095
1: 2037. 5045. 0055 50% MSG:Methyl o.-d-Glucopyranoside (MAG) Droplet Crystallization

0% RH storage * b2% RH storage
Ratio MSG: MAG week 1 week 2 week 1
50% MSG NjA NIA N/A
40:1 NIA NiA N/A
30:1 NIA NiA NIA
20:1 45.00 45.00 45.00
10:1 97.50 97.50 97.5
8:1 100.00 NIA NIA
6:1 250 2.50 75
41 2.50 2.50 25
2:1 0.00 000 0
1:1 0.00 0.00 7 35
1:2 250 750 175
1:4 250 5.00 5
16 20.00 22.50 375
1:8 5.00 7.50 12.5
1:10 87.50 87.50 95
120 3750 2500 55 )
1:30 87.50 80.00 95
140 70.00 92.50 625
50% MAG 100.00 - NA NIA
5 *  DRIERITE

** MgiNO,),

When 50% MSG and methyl o-d-glucopyranoside were used, it was noted that at ratios of 40:1 and 30:1,

respectively, fhe solutions had crystallized after they were stored at room temperature overnight (TABLE 5).
10 With reference to the results shown in TABLE 6 {below), at 50% of 1:10, 1:20, 1:30 and 1:40 ratios of MSG
to Trehalose, the sofutions crystallized overnight at room temperature. Consequently, no droplets were analyzed for

these formulations.
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A

1: 3087.5090. 0095 1:4070.0092.5092.5 50% MAGL00. OON' AN A DRI ERITE My(NX3) 3
When 50% MSG and net hyl a-d-gl ucopyranosi de were used, it was noted that at
ratios of 40:1 and 30:1, respectively, the solutions had crystallized
after they were stored at roomtenperature overnight (TABLE 5 10 Wth
referenye ¢1931¢56 results shown in TABLE 6 (below), at BOXUYSO 3123!51 1: 20,
1:30 and 1:40 ratios of MSG to Trehal ose, the solutions crystallized
overni ght at roomtenperature. Consequently, no droplets were anal yzed for
t hese formul ati ons. WO 01/ 37656 PCT/ USQ0132261 TABLE 6 50% MSG Tr ehal ose
Droplet Crystallization (DrieriteldBIBB Ratio MSG Trehal oseweek 1 50%

MBGLOO 40: 1100 30: 10 20 Tt ehal oseneek -
1°60 1: 8200 1 10N A 1. 2orPAMSE T plople rtaation 20 1:4100

{Drierite only}
Ratio MSG:Trehalose week 1

50% MSG 100
40:1 100

30:1 0
20:1 25

10:1 0

8:1 5

6:1 0

41 0

2 0

1:1 0

1:2 0
1:4 100

1.6 0
1:8 . 100
1:10 N/A
1:20 N/A
1:10 N/A
1:40 N/A
50% Trehalose 100

5 -

Example 6 - Bovine Respiratory Syncytial Virus (BRSY), Rhinetracheitis {IBR), Viral Diarrhea {BVD), and
Parainfluenza 3 [Pl,) viruses were cultured individually and harvested. After harvestin.g, the viruses were mixed with
stabilizer and then dispensed in approximately 40 ml aliguots and then frozen in a ~80° C freezer until processing.

The foltowing 70% wiw preservation solutiohs were prepared in 0.01 M phusﬁhate huffer and sterile filtered

10 through Corning 0.22 pum PES [Polyesthersulfone) Filter Systems: {1) 2:1 sucrose:methyl o-d-glucopyrangside, {2} 6:1
sucrosezinositol, (3) 2:1 sucrosesisomalt, {4) 5:2 sucrose:sorbitol, (5) trehalose, and (6) 5:2 sucrose:MSG.

Al product preparation work was performed in an 18° € room. Viruses were taken from the —‘80" G freezer
and placed in cool tap water to thaw {approximately 1 hour). Using aseptic technigue, a mixture of the four viruses
was prepared in a ratio set in sterile 50 ml polypropylene conical tubes. Twe parts of sterile preservation solution was

15 added to one part of viral mixture. A homegenous mixture was obtained by vortexing. For each virusipresesvation
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50% Tr ehal 0se100 Exanple 6 - Bovine Respiratory Syncytial Virus (BRSV),
Rhi notracheitis (I1BR);, Viral Diarrhea (BUD), and Parainfluenza 3 (Pl)
viruses were cultured individually and harvested. After harvesting, the

'viruses were mxed with stabilizer and then dispensed._i iJmtely 40
m al i qW6 81/3HP6t hen frozen in a -80 C freezer until pPMgp%ﬁgﬁﬁe

followng 70% W w preservation solutions were prepared in 0.01 M phosphate
buf f er satitin ikiere,i 24y vias tub[e[r ietd sterd030tnl baasitjtate@assrseromy vids (Wieatyn)PRESterile 13 mm finish

(Pol yest hersul fone) Fj ucr os byl

a- d- gl LeBsASFaRerEas thep t’c )"a%dtf‘“esfﬂfé?‘{}%@“’)“ﬁgﬁ‘?6 50 gy Bl e gash e,
(4) 5: ZtSHedhRSEalne foPiviteevapdrfibn dufi pAkeRStn bybodh forftioR. ValsSwbeer the PladvBiGa meddi |
product preparation work was perforned in an 13 C room Viruses Wfre t aken

f rom t Heying 8@y Ghe raye were loatgh ito pa&:vefe?d (5 @ denze drigygnogifigd ¢ e*ﬁ*&*ﬂt!’f?éwa?“aﬁb 8%Ri mat el y
15 hour ), dm&[ﬁ}, ng t}@ﬁrﬁ&ﬂdlecwﬁs%%t?éa'nﬂbi@mf ﬁle %I&‘ttdjlﬁtﬁltd?fthetsﬁrﬁ‘plé( ©Hferatoie’ G She G

pt epar e aratio set in sterile 50 nil yfpmgy ene coni cal tubes. Two
parts gfocst. eih tlranqmrtwsse mraamnowfognﬁﬂ uﬁit&m nfﬂmg“ml'ﬂ gnakion Wy eompletp. vialy vergj 1 g

m xture, A ho enous

Vi Tus! et U e iRy e Bt B R P 4B R B s o)

was | oaglest 4° DI The ﬁr‘és‘en’vtdlsanpﬁﬂ ameulammicénimjmlegbvawsaaeﬂrbuﬂm follanling métimie at on) . A
sterile 13 mnflnlsh ophj. ]| ion st.o £ s t.hen.. first
stop into tHEdERRYoge @Q‘QHM@@E"S WH&P@H@'%%WW&" lﬁ@"'ﬁo@ﬁ' gle'}"m @Gﬁmst opper
- PPEN t QuihlskQbof 1RFse WAIPIORHEDIGhGRARL Tl@@erﬂmasmﬁtnhmfyaﬁﬁfeuatBvonlamwl famwnsv ofteat i on.
Vials were then place on a netal iﬂn g tray. edlntoa

pr e- codbllewing Fusgjeutafiziag s6a were él?‘a"f?ﬂ)HP‘T' o %“Sé&@é'ift"é"sp‘f"ég"é r"{/gﬁ"'? g‘ﬁ’" f'lfam 5
format | Bdne ﬁvdv*h‘ﬁﬁs%.'a@ Wal Gt lpﬁ?m%@&ﬁﬁ NVSL 1915, fBRY RtissfinRhvsL L&t mprbhd BRsvt he' )

sanpl e Tenperature during drying process. The drying process was t hen
per f or restdteruri¥SE Lot p3-B6er vat i on by foam formati on was conplete, vials were

st oppered u r{fgws dltratmﬁ%%&h‘%ﬂgmﬁ Eﬁlf@ Bhg\{:@ﬁ eﬂﬁ ahd¥H] sgrﬂn%&g5%e@lq“ﬂ@m Qi) Way vafng! s vere

sealed with m num Ccri sea reserved sarrzpl es,
a5 wel |pergusmed bmtamhzmg)mb uther th&ahqntnmswnh/msepeabwysendm pEultarésest HBJBKI elkiinaf9Pemhods

Madi n- Bovi ne i b

odl 1 GHIPEAGE B BaM BTN A Bo 17628 BB, B T I 6 R

Bi ol 0gi sgrh §01.5 X102 ceEetlil FReSI6aRA piaesciyerecpiudted wiehetheodtll BYfE)sioh BRO0 RLBr walld TBRSV.
The follow ng virus neutraliziqg sera were obtained fro %# z sed in
t he vi ruesotiter platesupersfultyred gvgemht pRdER;the et fay g irus {lizlien yign th B??g\f“‘*é PSR U NvSL
Lot 4X. ‘ﬁ&ﬁvgmah§erunlNVSL Lot 86.2; IBRV antiserum NVSL Lot 10X, and BRSV
anti seru L Lot 88-5X. Virus titration for each fraction of the BRSV,
PBR, BVD, arfdchmialaf ymﬂéwst%%d%wﬂéﬁcéﬂﬂhwwéﬂw%%’wd”"hJ%W' of BIBEN. s wasiognsideret: o e g

by neutrahi ;ﬁkﬁdﬁe%@ s Lact X@%e@; \.ﬁ%ﬁé ver tgryﬂ'a rnlséﬁ'erV:ﬁls PG, rheCoiaivirdsy UM

Cultureso S|na ottle were renoved wth
trypsi meﬁl:ﬂrawn(muomus#s?mazau saiiiple] oBihe sehydested @yccizerwks dakeped added forp sl Ml vBbs hor se

e M Sngi X af GRulieNE, ol A% ALkt th
cel | SLfg'Bﬂ'}’f‘glO)éﬁ"J[& ea%'(?ﬁt'slzmrgg'rthe\/\éqeﬁ tmel"f'f%%s an?.{:er ao"&!e't etfﬁ 'Wes “were cul tured
over ni gladed BRAGialtrhig 03 mnammndammrml M'ltHBBSJ.' strinh, raget 0.3omi awl”l’dgrserurhléf hetetal vluwer e
about an 80% confl uent, nonol h vial of. pr Iy d.virus (4-way
Fac0 nef Micsup oay 1 b U bR Ttag e 16 ooryge nlpled 505 A8 et 85600 10
di  uti oppperdfa®. four vials of each rehydr at ed vacci ne were pool ed and used
for V|rust|trat|on The control viruse 4
Ten-fold dilutions of the viruses were made in 96- well plates by adding 22 p of the neutralized {107)
“samples to the wells (200 pi} on the first row of a plate. Each well was mixed {this was dilution 10 %) and 22 pt was
transferred to the second row, and so forth until finished. Virus titrations were performed in columns 1-10. Columns
30 11 and 12 were left as uninfected cell controls. The plates were incubated for four days at 37° € in a 5% CO,
atmosphere. The infection of viruses was determined by cytopathic effect (CPE) readings. Finally, the virus titers
were calculated by using the Reed-Muench method. The titers of the four viruses obtained from the control viruses
and from the preserved vaccines were recorded, and compared for loss of virus during preservation. The results are

shown in TABLE 7; the two numbers reflect the results of duplicate experiments.

35
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were the frozen viruses. A 0.1 m sanple of the rehydrated vacci ne was
taken and added to a sterile 1 m vial containing 0-3 nml of each antiserum
to the other three viruses. For exanple, if titrating BvD, 0.1 m of
vaccine was added to a vial containing 0.3 mM anti-IBR serum 0.3 ni
anti - BR®® egsss6 and 0.3 nml anti-Pl3 serum The total POTAIHBO®ES2261 this
stage was 1.0 ml and the virus dilution was 10'. The m xture was i ncubated
for 40 m nutes at room tenperaturgygken-fold dilutions of the viruses were
made in 06-well plates by adding 22 Yd of the neutralized (10-1 sanpl es
to the PRmtectve EEES of Methylorl-Blimepyrannside andSugarfAleghqly fax Rresemvatin of BRIV, MR SBVR, xed.
(this was dilution 10") and 22 fr]l transferred to the second row, and
so forth until finished. Virus tui“f'ﬁﬁa'ﬁ% were perforned in colums 1-10.

- Col umfs~30 IT and IZ2 were Teft [as uni nhisSadiveighafta®rése@ition The pliates were
incubéted for four days at 37 € in _a-5%CO2 atnpsphere—The—infedtion of

vi rusds was Bmeewamrrﬁ@&ﬂmy cyt opat HBREV ef { ect'Bf'CPE r YR ngs. “Himal | y, the

Vi rus I=TTY o=V o ITE woRg titers
of thg Zfléﬁ‘i"’swaiﬁg"é@‘ﬁﬂ"?féqoﬂ@d fréBIZr'lg't%'ﬁ' C(Dlﬁ 70 EV| E'f’gféggg w?'(rgbar%illtke

pr eserf g, YRGHIskiES Wer € recor dqcg @ conpgney f psri oss ofem’,m{s guring
preserivatjon. The results are ishown iniTABLE 7;1the two nunbers refl ect

the rd<xiissmoseibordiipl i cat e exper i|8At39 35 1664350 p8339856 PR ho/iz2261

TABLE WWyi a- (R UCOpyTagosi de pgggSugar| Al cohol s
for PrleSPYSHBR” of BRSV, IBR |BVD and Iy(:g Viruses Initipl Survival (%
after [R¥sie vati on Preservati on SSQI ut i onBRSVI BRBYIFL3 2: 1 ylZér ose:|net hyl

a- d- gljucopyrangsi de57. 564652 37 2664158 D125

*y sucr o EuFMSH 38. 0, 29. 613. 5, P T £ T A A O S
~sucroserTsomat t36. 3, 33.916. 6, 13.583.2, 9.869.2, 26.9 5:2
sucrose: sorbitol 35.517. 82.528. 8 Trehal ose33 920. 016 2102. 3 5:

sucr ose: NSGHangle 7>dles@gleond Bachig pinzes wew cgtyred pdividysly sn@a@é&l‘rpf‘féef harvesting,
Newcast K6l if Wploklhdy 2000 Yigtedn YroraNH -baer o est ed.
After ﬁlléfrv\’/f%sﬁwe%ﬁ%ﬁ%ﬁ Et%h"'\[dﬂédggﬁeﬁvvg%\% “m 'xggp W tgy st abi |ql zerrI alrlld t hen

di spensl:aﬁbnmmmp»msmemadﬂglﬂ m&fmzeraﬁtllqmsg and frozen at -80 C. Frozen
viruses were,stored,qjn a - 80 I ' | Pk teritd Fiffered

f ol | owi ng 78“9“ W\W"M P gieyeyvatun %F,S@'Y"q‘? }"fg'rqgﬁizpﬁ&%&g&df#ﬁl "%ﬁegpgeﬁﬁ%tae bufrfer were
pr epar agtoanchntig 022 jue PIfSI (Puty&ltf@dutfoﬁetﬁllm@herﬁotﬂ)rﬁt1rugcr®e A@thyl prthaleg@gyranoside, {2) 4:1

i{PoI yest hersul fone) Filter st@r{s: ;%éa 2:1 sucrose: nethyl
0 d- gl pewRssMeh B4 horosepiitg) apd Bh 1§ ISYOPI@R ™RSS (3) 4:1 sucrose: maltitol, and
(4) 13:1 suckiQprctFpstitodhork s herfofreli 6 189 COfRMS Biluted Mervviaked from she pEB° Cowerard i n an

18 Croom Viruses were taken fromthe -80 C freezer
ant placed in cool tap water to thaw (approximately 2 hours). Using aseptic technique, a mixture of the two viruses

was prepared in a 1:1 ratio in sterile 50 ml polypropylene conical tubes. Two parts of preservation solution was added

to one part of viral mixture. A homogenous mixture was obtained by vortexing. For each virusfpreservation solution

15 mixture, 3.0 g was loaded into sterile 30 mi borosilicate glass serum vials (Wheaton). A sterile: 13 mm finish
lyephilization stopper was then placed to the first stop into the mouth of each vial, thereby leaving the notch in the

- stopper bﬁen to allow for water evaporation during preservation by foam formation. Vials were then place on a metal

drying tray. The trays were loaded into a pre-cooled (5° C) freeze-drier modified to run the foam preservation method

of the present invention. A thermocouple was placed in one of the yials to monitor the sample temperature during the

20 drying process. After preservation, vials were stoppered under vacuum and then removed from the drying machine.
Vials were sealed with aluminum crimp seals and held at room temperature or 4° C, depending on the T, of the drying

run {i.e. if T, = 30° C, the samples were stored at room temperature; if T, = 20° €, the samples were held under
refrigeration).

* Virus titers were assayed as described above in Example 6. The results of a single experimenf are shown in

25 TABLE 8.
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-and placed in cool tap water to thaw (approximately 2 hours). Using aseptic
technique, a mxture of the two viruses was prepared in a 1:1 ratio in
sterile 50 m pol ypropyl ene conical tubes. Two parts of preservation
solution was added to one part of viral mxture. A homgeno 1 Xt ure was
obt ai n@MOBA/I56exi ng. For each virusl preservation sol BQ%H%@&%@ ure, 3.0
g was loaded into sterile 30 mM horosilicate glass serumvials (Weaton). A
sterile 13 nmfinish |I|yophilization stopper was then placed to the first
stop into the nouth of each vial, thereby | eaving the notch in the stopper
~open to allow for water evaporation during preservation by foam formation.
Vials were then place on a netal dnpgigw tray. The trays were | oaded into a
pre-cooled (5 C) freeze-drier nodified to run the foam preservation nethod
of the ProestvetEifeotyeMethyhe-D-Rlucdperrnsideand SusasAlsohels for Repssrptismel Neweasteand; 51 s t o
npni tor the sanple tenperature [ ne 20 dryin rocess. After
eservation, vials were stoppe?%}&"cﬁﬁag'p&\}/sacuum ang ltohen renoved fromthe
dryi ng[machine. Vials were sealled w t Imitl Survinal () afterPesaedios and hel d at
roomt emperature or 4 C__ dependilng—-ontheTFdofthe—dryin HH (, {e. if T,

= 30 C| the shessivatiomSelwlionst or ed|at r HBMFWnper af ur e; i prongitis’ 5, C, ithe
sanpl e~W el TR arTon VITUS FTTer S Wojgg assayed |as

descri b&d SEBwEH ¢ 5%?"85'%. The resulh?ns of a kingle experinment are shown
in 25 TABLEosmalitgt 017 37656 PCT/ US00/ 32863 TABLE 8 Protectiéive Effectis of

Met hyl La- D- ucopyr anosi de and $ugar Al cohols for Preseryatien-ef—Newcast! e

and Bl dhtivirosemangitl uses | nitial |SurvivB0 (9% after Pr esefdat i on
Pr eser‘r??—mﬂ—%ﬁg—ah—crrﬂﬂe\m_ i : i ONCHT Uh§, 27 L SUCT 0Se: met iyl _
a- d- gl uEOSPEISS de10020. 4 4: 1 ducr ose:?}al titolb6.22.4 13:1 )
sucrose: manni tol 55.04. 8 4:1 sucrose: M5&23. 40. 4 Exanple 8 - For preservation
of Streptococcus equi, the follow ng 709% r L0, '%rhsuin 0.01
M phosphat e %ﬁﬁi’e@(‘%\ﬂ}eﬂf%ﬁﬁ?'ﬁﬂg‘k’@@fa‘%ﬂ eﬂ’"et?m%ﬁévwﬁq ﬁ?ﬁﬁfhg?}e%e&%gﬁgﬂdﬁ%r ni r%g 0.22
m PES (Palodphsis Befes wbré rag)ed Bid $1@e filtGiyd thevgh: Cotniy 042 Juns PESr (Bahesthestifuyd) Filter
a- d- gl ucopyr anosi de, (2% 1:1 sucrose: net hyl u-d- gl ugog%r anoai de &T%%Q(S)
5:2  16vsensy Bk &1 ghamsemeiv o dgiepangidedf) F syt dplerraprtt W 6) was
i: noved fromtﬁﬁ -80 C freezer and thawed in cold water. The entire

)

ntents%m(seiqlu(')am were transferred to 150 ml of "S. equr growth medi unt
(1 ot 0757). OAcddmtiirne seed stoetkhilet WOHAGHEEwasesemyved from the 8031 THemy é dheyedde colias

added to_ t di u r-liter,. S
I oosené@“’é{]ﬁg‘gfr&@c%ﬁngﬁe{] e eet{ra"sl;ggd tg'b ﬁﬁ’@ﬁ%’pﬂ#’?@%%@&o%t%ﬂé l'l(;coﬁz‘dgﬁgno 24
hour s. tikH@maarhéight, 20 YWeF50% IDbxtruse oiag aded totise reGiuror per fiter. iThe flagkevesh inchbated vith thecan

density (00) of 0.8-1.5 at wavel engt h ,of 6 nmi- 12 ity
st r eak 14ppeped a3/ Icc?Bg'Fé]akebfet ?tﬁgﬂ "(?ﬂ?{"f ﬁqp@g'ga?%{uf%gprf“ws'ihgg}ﬁ B‘Jf’]g’g%ﬂ%‘"&%f" q?ﬁld{)t K1
RO VR it RAEHP 5 Rkkal dbifsiE0D) oNC.BD 81 4t @ afeliigth2sd 60DnB1imurs)s A purity streak with a

'Ionpful of the culture onto TSA Il + 5% blood agar {lot KIRUWW) was performed. After incubation for 24 to 48 hours

at 37° C, the plate was examined and no contamination was detected.
After approximately 23.5 hours of incubation, 10 ml of the pre-culture was transferred into @ 500 ml flask
with 250 ;nl of growth.medium. The pre-culture was incubated approximately 4 hours under the previously deseribed

20 conditions. Another purity streak onto TSA Il + 5% blood agar. After incubation for 24 to 48 hours at 37° C, the
plate was examined and no contamination was detected. Absorbance of the pre-culture at 600nm was 1.888.

Approximately 5 hours later, 50 mi from the second pre-culture was inoculated into the fermenter containing
1000 ml of S. equi broth + dextrose. The fermentation conditions were: aeration with pressurized oxygen at 1 liter
per minute, agitation of 100 rpm, and pH regulation using 2.5 N HCL and 2.5 N NaCH at a temperature of 37° C.

25 _ Once the culture reached stationary phase, the cell culture was mixed with preservation .s_qlution inal:
weight ratio. A homogenous mixture was obtained by vortexing. For each virus/preservation solution r-nixture, 1049
was loaded into sterile 10 mi borosilicate glass serum vials (Wheaton). A sterile 13 mm finish lyophilization stopper
was then placed to the first stop into the mouth of each vial, thereby leaving the notch in the stopper open to allow for
water evaporation during the preservation process. Vials were then place on a metal drying tray. The trays were
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at 37 C, the plate -was exam ned and no contam nati on was detected. After
approxi mately 23.5 hours of incubation, 10 nil of the pre-culture was
transferred into a 500 m flask wth 250 mM of growh nmedium The

pre-cul ture was incubated approximtely 4 hours under the previously
descri B¥® 0ZB7656ndi ti ons. Another purity streak onto TB&TUSA/3236)| 504
agar. After incubation for 24 to 48 hours at 37 C, the plate was exam ned

and no Irﬁfﬂaﬂhﬁmpﬁ-@ﬁohpﬁ" DS ORibR iR to cAROhORACHEYIG nethdde A fenoapletwas glacakin 600Nm
was 1. Approximately 5 hours later, 50 nil fromthe se¢ ond ulture

was i n@mﬂf the wigls tp mengorthesanple tameeRtue dupng deaving Megess- 1 R§isbpresprvatipn. s “@Efdﬁ""‘sﬁﬂ th +
dextr 0% fiter V}Qlﬁ'? %Iﬁ ﬁéﬁ%%& fitkh Iﬁﬂﬂﬂh%&iﬁ VMR viRre sBdRA @bth Sninin himpReRSahd Feid e d

oxygen a mnute, agitation of 100 rpm and pH regul ati on
usi ng Zuoﬁndmntrmreand 2 5 N NaOH at a tenperature of 37 C. 25 Once the

cul L Ure eaqed, Bl Ao g e &Skt i B ol ekoilees,

eservatio nogenous m xture was
obt ai n@dmﬂlb)’vialé%l‘hméipﬂagweﬁﬂrs meacdhydmwﬂmmhnﬁmISJéPBSatThmntelbdndltlrmmdmmvleuwge 1.0 g
was | oaded into steri] I 0S, ass s n). A
st eri | durthey diiyted "ﬂ"ni"@ AU Jbquﬁpqe?dfﬁtef Efﬂusi"gé)‘ge%m ﬁ/ﬁpgref%"%t!{ma/ U8 ed ,,Y\hg:%,g first
St op | Rfcthated' 370 Hoha8Houre 6 all éanles, tﬁeiaﬂa"nﬁbmmiem\ehdnglatemmmamm Thaplitizahast opper
open to allow for water evaporation durlﬁE@ the preservation process. Vials
il

wer et lyildedpbbtaress 30and 300alorids were ysewty celeulaip the Ulepl ey the prepgved yampes iy 65,6
E‘fﬂ Usglge{,ﬁ e$ Ug,gg,grg i B Q@We?(c&lc?:ﬂ{uﬁpto(d&erf% e fnb wma@ 5&&5@3?9% ifg to

cut t her nocoup | aced one of the
vial s traulﬁﬁmsrto@mnﬁbmSanpl e tenperature during the dryl ng process Af ter

reservat o s 0 un C n omt he
) preser vat oy - gul e @A B, AR el Y5 pEAER O, fioT
room tmﬁﬂt udizd|3 iPh)tvﬁls&hﬁeﬁltﬁltu&d (ndividully @fild gsfmiadd Chotet h’atvbstlmaﬂnp)btmseé gt lmxudiwnh]lcjr e +
reservati on soluti on ol Vi al s rom
e o eoblian e firemais BrparAt AR 2 Doty - SR RN aGPE  and

f eserved saRPRFiny RIuEwIwipiichiRh sofbkions w@lpréparediPb.0 M GhoidﬂﬂlEbuffﬂ?hﬁtﬁ&nﬁ fikeed d
ates of 10-5 and 10 s were prepared on bl ood agar. The F atesﬁ\ﬁga
on

i ncubattsenginornig 022 i PESBslyegrsulionaitiier Systems; Hhtl %'gwsef"ﬁ‘é\" gdioyep

each plat T Ihflse. VI €l ded between 30 and 300
col oni 68" RETE" ﬁ%&é@}é&gﬁﬂm Q‘F(SFA ﬁ&e(%FUIs?ﬂ The CFU M for the preserved

sanpl es was All@rodubiprepasation wlﬂdmdsyerﬁﬁieﬂ inn T8F G maomhGrugee were takendramhe el € dredzer

culture) to determneth surV| t S i 0 S are
shown % macgp eeoidap "I‘%‘("éf?ﬂ @Pp"”" ‘i/“'a‘L‘E’" Ledsas% %% e%orFef/hn 7 alﬂ'{mrlpﬁ{'ﬁ irlaﬁgwf RSV) ,
‘ﬂb“ Not nag feiafed % a tatidde) in stifiters8 iml dolypopyiBie donlcibyibys, Twonerts dPaerds pnéséruamlzdutlﬁn \@EBI 3)
viruses were cultured individually and harves

Vi r us e 0dkh Fcongrpagtcod) vicg) pijure. sf‘ﬁ‘!S'i"F"f“E‘é ixtyre vag Ht!é?'f‘eéjl%s"ﬂ%ﬂ§%d£°f F?a]h le?p{)eﬁ?"%ﬂq ely 40

m ali Qs\)’lﬁ’t‘oﬁmfi’ﬂl@ f%sﬁeﬁ&@ﬁﬂ stefle 80 mBBtoshicdd fReZ@ium Vil IWhedan@ﬂsieﬁlb m:gmm fifshThe
followng 70% W w preservation solutions were prepared in ﬂ hosphat e

) buffer Iephiizationestippes whsi thanelagsd to thefires stym integheryopl obeaginviah ﬂhe'méea“'"ﬁ the notch e
(Pol yes % %&H tb QR kor bt %pué)ﬁﬁ &u‘ﬁﬁﬁspfesefrv]a)inn%y ﬁbarﬁﬁﬁﬂa%e\hﬂ?ﬁay then place on a metal

c:c-d-g ranosi de sucrose: net hyl cc-d-gl ucopyranosi de, and
238) 5: Zin,muctm)s‘éle nrawsfwemdua@d intd 4 prerodeliibt Cfreepdrieamidifen indreRutREse Y f9ABY i n an

P, DR ol A R 8 Bk o S66E s lipceoy o0
M Xt ur eroedss.t The diyidyproceds imas then performed. After presen.-anon by foam formation was complete, vials were
stoppered under vacuum and then removed from the drying machine. Vials were sealed with aluminum crimp seals and
held at 4° C. The preserved samples, as well as frozen control samples, were assayed by the following methods
30 Madin-Darby Bovine Kidney {MDBK} Cells were maintained m Dulbecco’s Modified Eagle Medium {DMEM)
with 5% donor horse serum (JRH Biologicals). The serum was antibody and free of BVD, IBR, Pl; and BRSV. The
following virus meutralizing sera were obtained from NVSL and used in the virus titration of each fraction of the

vaccine: BVDV antiserum NVSL Lot 4X; PI3 antiserum NVSL tet 86.2; IBRV antiserum NVSL Lot 10X; and BRSV
antiserum NVSL Lot 88-5X.
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20 was prepared in-a ratio set in sterile 50 m polypropyl ene coni cal
tubes. Two parts of sterile preservation solution was added to one part of
viral mxture. A honpbgenous nixture was obtai ned by vortexing. For. each
virusl preservation solution mxture, 2.4 g was |oaded into sterlle 30 m
bor osi IWER@KE3HiSess serumvials (Weaton). A sterile 13 PR/ESAY/SRZ01

| yophi |l i zati on stopper was then placed to the first stop into the nouth of
each vial, twhekiehynaamiradiol d e BREVABR, BYD, i@, siplppa detamiaed by @4-adylvasind, or

wat er evaporatlon during preservation by foamformatlo Drl?}{al} \ﬁ@t{e .t hen
pl ace derfogmedistnaytraliziag t&&whkgre&ffaaws vt girup F"é‘i’@ afsgrum. ICB&'&'éB G M3FE @hol ed (5
C) Treegg il Ghe Mﬂbdf\bl Gy fsR EBTRQGY b2 I8 A BYtadicn @ anlP YusfeRRdTin DEM FE8% Kise A

t her nocoupl e was in one of the vials to nonitor the sanple

t enper atrum & lmnohgllstmrenld wugﬁ@e" q@nte@@ters glanteppyth dheyell syspensioneat 240wy wehofhe

perfornmed. After preservat.i.on , wer e
fopper"lé“ﬁ““f?ﬁ'&aé"rs W%&ﬁﬂrﬁ’{ %YF{HD*@%"QH%F é‘gr;tﬁ)le\rﬁe ﬂomﬂ @ﬁm r%“ﬁﬁé}g'ha%éﬁﬁ"#\g aﬂ\fél}g s were
seal ed Wit rhdggrnum crinp seals and held at 4 C_ The preserved sanpl es,

as well as frozen contraol | es re ass d t ol ].owi ng .net,hods 30
Madi n- Dar by ER8ViplqEpreseryps ditpses %@wac@@h% 'E\'A@ 9?@! W%' ﬂ@@"ﬁ}"’nlfﬁj‘l"aség‘éé‘%e"’g
Modi fi edgEggoR. ﬁ@f&h%fﬂs@%%ydrdﬂéﬂﬂmﬁ%eﬁ@%ﬂ arld Q%e8 R BBy tdtidn.) Rielcddva vimgesc al s) .
The serum was anti body and free of BVD, IBR, PI3 and BRSV. The follow ng
Vi rus rveutthvafroﬂeawmgesSé*rW wesempl pft thel redrated wRsRVRE tokan pnd added tp A sieple 1 O piels

trati i W ShecibeOhasd X; P13
L¢1t| sergnrtﬁ"ﬁrf%gﬁ%f L%gﬁi%ér%%u{ah%ﬁr?é@ﬁ% mexaﬁik{w tﬁgtg?b 52{1“ BRSVY antiserum
NVSL Laﬂdemﬂwcunwan@u.a @VfﬁﬁBHF@ﬁr’ w@@n@mzemm and 9.3l anti&k; beo. fTlgrtoted aiume

fraction of the \ 4wa$)
vacci né! s e¢ B’?ﬁrﬁg ff'dﬁg e [ﬁm'“" no FEL wg%ﬁ%é""% ?EL@{ Fﬂoﬂgﬂﬁb%{ I‘rl(%{/nl rus
speci fltgnpam,mserum Cul tures of I\/DBK Cel I s |n a 490 cn2 roller bottle were
renoved with trypsin-E Lot #76 HBIOS nd s d in
DVEM + 5% hJP'b’ @'@?"EJHP lf viRses were {7y gP e %aév,s bﬂhag&"?pfg %g@%pﬁu&gf? egl wer e
P# ant ed, |e£-ﬂt|‘ie*}$éusq gm)%hl%ﬁmdumaa&te  2636h vidt adfiked WR Was dilitiéh 152 BRdQR @i waser
pl at es re cultured overnight and used the next day for virus titration
when t henstestd ts trmamd abound smtw(imbmfvlmémtmmwm per{peed incglemps il Gy | Colgns
preser v d | M
g eagglsfé n%{tﬁi %Efnln{;'n? %Es%?yeqﬁ[ﬁﬁaﬁq foJuPda]vssatBJ“i t kn aoé% WE

This wa our vials of each rehydrated
vacci nemvamee p'theIilﬂdtm&mﬂ\nrlmeﬂasftbimmﬂlfh!S:VtDpathrcaffecbfﬁ:PE)Tﬂﬂ@"ﬂ@oﬁ[‘ﬂﬂbIlhe\ﬁlls titess  wer e

he f d
added veagial Py g O et iR, Tp8 i Aot R0 lndG6R RS T, 00

ob her tid @i tHe frédsr@d vackineh we Rbodnled ,amil chmpaiet foalbssngvimd/lyingQretervationo Thevesaitsiane  was
added to a vial containing 0.3 m anti-IBR serum 0.3 m anti-BRSV serum
and 0- 3hewn inghBiEdp) 3 serum The total volume at this stage was 1.0 ni and
the virus dilution was 10''. The m xture was incubated for 40 m nutes at
room tenperature. Ten-fold dilutions of the viruses were made in 96-wel |
plates by adding 22 | of the neutralized (10'') 15 sanples to the well's )
(200 ELI') on the first row of a plajgmefFach well was mixed (this was
dilution 10-2) and 22 td was transterred to the second row, and so forth
petil finished. Virus titrations were perforrred in colums 1-10. Col ums

. 11 and—tZ—were—+teft—as—uninfected—cetd ,, b [FfES Were rpcubated
for fdur days at 37 Cin a 5% X2 atnos wlba‘fwﬁekmﬁ ectFon of _vinuses was

det er ni ned byreseriatombintonel fect | (OBBV r eladi nBp. Hi naB¥y, tlhe Phrus|titers
2:1 sucrose:MAG. 115.0 12.6 97.7 105.0
4:1 sucrose:MAG 63.1 7.4 37.2 85.1
5:2 sucroseraffinose 447 46 7786 347

Example 10 - A formulation of preserved luciferase (Sigma # 1-9560) suspended in perflﬁhiodecalin was
prepared and tested for stability. Lyophilized luciferase (1 mg) was dissolved with 1 mt of 0.1 M Tris buffer, pH 7.4,
containing 1 mg/ml BSA. The resulting 1 mgfmi luciferase solution was dialyzed in 500 mi of 0.1 M Tris buffer, pH
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were cal cul ated by .using the Reed- Muench nethod. The titers of the four
viruses obtained fromthe control viruses 20-and fromthe preserved
vacci nes were recorded, and conpared for |oss of virus during preservation.
The results are shown in TABLE 9. TABLE 9 25 Survi val ((;(')f‘) after
Pr eser WHOi @3 F56ser vat i on Sol uti onBRSVI BRBVDP13 2:1  PCT/US00/32261
sucrose: MAGL15. 012. 697. 7105. 0 4:1 sucrose: MAG63. 17.437.285.1 5:2
SUCTOS@.f &Ilt% gﬂﬁolsrﬁ‘gﬂn‘} Bgf' at Q? E 18 3% hurEX BB ediRiferast b Ok AsdrRd @A nfkochtribger ved
| uci f erase 60) suspended in perfluorodecalin was prepared and
testedufnmandﬂmmbﬁeﬂasewmeu@mpfms Heterminkd psingjtie doliendng equativRy) was di ssol ved with |
nil of 0.1 MTris buffer, pH 7.4, containing 1 ng/ M BSA. The resulting I
ngl M | uciferase sol ution was di alyzed in 500 ml of 0.1 MTris buffer, pH
-22 WO 0%&3}%656 PCTI tUngO/ 32261. mgfofbmiﬁlduafangsel mglmM BSA at 4 C for 3.5
hour s. Ut HE FoRGEMraee er m crocentrifuge tube
and the luciferase concent rﬁ’?ﬁqg\éﬁl\?nvaels det é&%ﬂ neé‘é@g?(n’gl)t he foll ow ng

uation: Luciferase concentration = ug of initial luciferase final volune
of dialyzed plohcinkfh ﬁﬁﬁare(\m e 1HHing 300 ;Q'Bf ﬂit@ﬁii%lﬁemer&b emmmh a9y 500% xi ng
500 | of 1 ug/ul dialyzed ?umferase with 99.5 g of a 50% 10:1 sucrose: M5G
pr eser Vet swmnseMSGipteseomtion Td!mamp Thesegsereationawixtyid ‘msl]heé woighed ite aife shwsifed HQa’ﬂ' S$HPo ni ne
steri yzed
ot 1 om0 S o e s et Rolithe? Bkl Mol it @ AL G 30 R 200

and st Qg8 dinPdioredH -88° TTbr f.inuérmkheis stafard aﬁ:feﬁh&tﬂﬂdaﬁréberbaﬁm muaurampiesTm drled to
preservatlon m xt ure sarrB es were dr hen to

b C 1 3P° Gl hbhaws, then tacAR” L dpr Bibowrstip tap hgﬁ?é%""f%gﬂ‘ Tp Ve i Semed 01, L

,. Sa”P' € Svere ioh Siopfpé?ﬁrﬁnﬁmdm@rﬁsi Vi VGHRS MoV G 09 rookiYBmbiehta hS™ 1498 SheViale @uke byenedd dr y

om (an{) 4% . The vials were opened and the foans scraped out

| n to anttttmaiﬂamsescfnnl%ﬁ put ﬁlgﬂﬂlsﬁﬁikmi"ﬂm@s'f oRproamEwee gaty.milpd. e respiting peylen wias | ¢ i ng
powder t WosPthen addedMo eath

perfl ud”vé%hsgg‘ﬁlleslkeﬁ@?%j éﬂﬂ% 15”%#3 929§II %%Q%%deg?%(ﬁﬂgﬂgéggﬁ eag??a \$| gle and the
vi al s wiaraed tﬁéuinppemetdppmdwlthttﬂeérvdmlyenaﬂmmedaq 7373Rdc¥ed to a 37 C

| ncubator. 15 Luciferase, a V. A was
L:ﬁui |i brat eé”cé{‘fm? S a@‘?a u ?"etamfar%iwm]mm “rgé\"&?mqg@smm&mﬁ%@%% of PBS
cont ai a0 in gl oﬁﬁ&cmﬁlm@ﬁdﬁﬁﬂ BSA was aviled kecchilledisaphled1 (u/ml brdinjxeda iduoiml ded. 1
glm of +this solution was used to fa o of. 10
to obt dhigsoitioniwagysedig fgke sprielytigns by faﬂ?TgéEf“r“ﬂ‘amaqm%m?egtéiﬂ%ﬂ]’ta'r% k‘ﬁﬁ'r e was
prepar gg tBXmE?u?é'vJagperQer Iﬁﬁrﬁxm@%fﬁ] ofl R Qicfr&dsS:8ay Peentinith @8 Qg tilutedl fubiferddd. Theof
diluted Tuciterase. The reaction m xture was placed I1n the |um norret er and
the | i glattiopmiuiesechlamisn thelaminameset aestberlight produeed wayTepasufedgvery 1Ggeppndsfegd min.

20 relative light unit per second (RLU/s) versus relative enzyme concentration {pg/ml} was plotted.

Each time a milled luciferase sample in perfluorodecalin was assayed, a standard luciferase sample was
assayed as a controf, A standard luciferase assay was performed by first dissolving 1 vial of [uciferase assay
substrate with 10 ml of luciferase assay buffer and equilibrated at RT for at least 30 min. Then, seriai dilutions of
standard luciferase were made by a factor of 10 from the original concentration to obtain a concentration in the range

25 of 1x10° pgiml to 1 pgiml. The reaction mixture was prepared by mixing 100 pl of RT luciferase assay reagent with
20 ! of diluted luciferase. The reaction mixture was placed in the lsminometer and the light produced was measured
every 10 seconds for 1 min. The relative light unit per second (RLU/s) versus relative enzyme concentration {pgfmi)
was then plotted. The activity of the milled luciferase in perfluorodecalin was then compared to standard Juciferase
activity. The results are shown in Figure 6.

30 Example 11 — The bacterial strain Lactobacillus acidophilus was grown in a two liter capacity fermenter
using a standard protocol specific to the species. The fermenter cell population was counted at 8.1V 0.73 x 10°,
The cells were harvested by centrifugation, resulting in 200 ml of cell concentrate with a population of 7.83 V 0.75 x
10°. The cell concentrate was diluted in preservation selution consisting of 800 mi of 40% sucrose, 10% methyl a-d-

glucopyranoside disselved in 50% buffer (wiw). The resultant mixture was filled into a polyethylene Petri dish bag at
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20 relative light unit per second (RLU s) versus relative enzyne
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apparent to those of skill in the art following the teachings of this invention as set forth herein.” The examples

described above are not limiting, but are merely exemplary of this invention, the scope of which is defined by the

following claims.
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Pl ate Count Mass Vol une Activity Average per %iable vs. Oigi nMeanStd.
Dev. Assayed Diluent CelllgSanpleVial Control (g)(m)
BagAl. 21E+090. 91E+070. 24152. 41. 21E+091. 12E+0992. 50
BagAl. 09E+091. 05E+08033663. 41. 09E+0983. 10 Bag
Al. 07E+091. 07E+080. 18481. 81. 07E+0981. 32 Mdi fi cation of the above-descri bed
nodes of carrying out various enbodinents of this invention wll be
apparent to those of skill in the art follow ng the teachings of this
|_nv_eﬂ_tlonAapreseeYatlfounmhtlh%@CémmSI%e exanpl es 20 descri bed above are not
limting, but are nmerely exenplary of this invention, the scope of which is
def i ned by virhg battetih embther cellavhish is kensitiverte daess vhviabilitnduingrdsyissnpri si ng: a
\éuF%dg{?ﬁlgsatanmen@ﬁm%eﬁ&kﬂpe%@@ is sensitive to loss of viability

: ;s a nethyl
L e A
gl uc&pYrPRAHY Hiﬁaggﬁin ‘fﬂgfﬂbcg@%ano idec and a di sagchari de sel ected
from t he 3diapehapAe Pty TR I ePHL OB ng pLIRGosg and 85 aP’t eérnatively, an
oli g@km@tn@iy,@_@phgosaqql@ﬂ ¥-eservation m xture of Claim1, wherein the
preservation mxture has a total solute mass, and wherein the nmethylated
monogacchdhe gresewation misurs of Gisim 159gharein the PresovetiasT mpwredas afotdlo| ut e mass.
3. Theluferess/ andtwinseinithe methylafed Gheniosactharidesomiprisasthetwrentiyb andd
NONOYARGHSS bfithe tatalNpLts Afashet ween 20% and 60% wt % of the total solute mass.
4. The preservation mxture of Claim1, wherein the preservation m xture

has g tot L b B Gure 3P E1AMAST, GitRreih e chiefiatatbdimotesacdnpide ses bet ween 5%

and mﬁ%ﬁ@é@ﬁkﬁg egnéocy}%h%oo@mto@tﬁ%ms&utems.preservation mxture of Claim

?ol erein the disaccharide conprises between 20% and 60% wt % of the total
u

te masgs. . . . . . .

4. i’ﬁe preservation mixture of Claim 1, wherein the prescrvation mixture has a total
solute mass, and wherein the disaccharide comprises between 5% and 80% wt% of the
total solute mass.

5. The preservation mixture of Claim 4, wherein the disaccharide comprises between
20% and 60% wt% of the total solute mass.

6. .  The preservation mixture of Claim 1, wherein the preservation mixture has a total
solute mass, and wherein the oligosaccharide comprises between 5% and 80% wit% of the

total solute mass.

7. The preservation mixture of Claim 6, wherein the oligosaccharide comprises
between 20% and 60% wt% of the total solute mass.

8. A method of preserving a virus, bacteria or other cell which is sensitive to loss of
viability during drying and storage at ambient or higher temperatures, the method
comprising:

mixing the virus, bacteria or other cell with a protectant comprising a methylated
monosaccharide selected from the group consisting of methyl (o or B)-glucose and at
Jeast one additional compound selected from the group consisting of disaccharides,
oligosaccharides, derivatives of disaccharides, derivatives of oligosaccharides, to form a

preservation mixture; and
drying the preservation mixture.

9. The method of Claim 8, wherein said virus, bacteria or other cell further
comprises a vaccine or vector.
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6. The preservation mxture of Claim1l, wherein the preservation m xture
has a total solute nmass, and wherein the oligosaccharide conprises between
5% and 80% W % of the total solute nass. 7. The preservation m xture of
Claim 6, wherein the oligosaccharide conprises between 20% and 60% w % of
the total solute nmass. 8. A nethod of preservi ng a virus, bacteria or other

cell which is sensrtrve oss.of .wvia rin ryrng and storage at
anbi é8t odhemgHe of é\t"ﬂ’rﬁ&n d’tyH’eg ?‘Hibla e& eF%es@‘%gi?' xi ng the virus,
bact desiecatien, éplﬁétdf)dé&l ‘Wth TERE 1 | at ed

mnosmwphﬁrc,dmdslahe&bﬁﬂ)amfmﬂﬁm@ gr oup consi sting of met hyl (a or
f3)-glucose and at |east one additional conpound selected fromthe group
consi st i NFhemethod af vt 8] ehereinttiegosavation inddare hde p totalsolpdemass,

di sagehahérd@She HRMHyYRd M6sosabchatile gagaiehbativdan;%iand BOYowike ifgheser vat i on
M Xt Wif'so gdieying the preservation mxture. 9. The nethod of O aim 8,

wherein said virus, -bacteria or other cell further conprises a. vaccine

or v tor 22 ethd I&i lh%er%in ted"ﬁ @ﬁa&lﬁﬁ&é&ﬁn fse§onduct ed by
free @g prz | ng, ur di zed bed drying, drying in
a vaéﬁfﬁ’ﬁ? |aF|€1 %t?slrﬁg%?rglra and dr ying by foam formation. 11.

The nmethod of Cl aim8, V\/nerern t he pr ervation m F has a total solute
otﬁ%‘rf‘oél

mass 13- an@hewmetherof Claimnss prhpreit the dims é‘?:’r?ér‘f’r(?éc‘&r %s between 5% and
80% W % if the total solute nmass. 12. The method of G aim 11, wherein the
met hyd.at eThemetod of Klaind: wermpn fhegeseryetiommiktorydsa A©EFUIE BB t he t ot al
sol ukel Whasin diSicchbfidenainymibe 56 B8 8/t % dhetiornl selutednasscchari de i s sucrose
or trehalose. 14. The nmethod of. Claim@8, wherein the preservation mxture

has g5t ot §f,c $RiHaHSf iy 14, w&érevﬂmeaisacdﬂxhﬁmmnsdebetweapm%andS% and 80% wt %
of t Bee tbalr 1O lféﬁgolﬁﬁ&‘lﬁassl5 The nmethod of Claim 14, wherein the
di saccﬁarr de conpri ses bet ween 20% and 60% w % i f the total solute nass.

99 %EH \Qﬂ%ﬁfe . sﬁﬁaﬂéﬁﬁlﬁtﬁﬁtﬂa%tm@‘ouﬁ@mla@ﬁ a total
olug "?é‘emth ererﬁ (t] | ¥%h Mg 5% and 80% w t %
of t AV erarlnqygggtcc desr'f‘ro St% % %élf al m @W%er el nEat hegsol |Ogosaccha(r| de

0,
Corrprll,‘sesTltzéa ;[n\evt%% % atmaln6d gré(in e o 1fgostagc ari é%mﬁr?s%%’%&%%%
and 60% wt% of the total solute mass.

18.  The method of Claim 8, wherein the at least one additional compound is sucrose,
and wherein the ratio of sucrose to (o or B)-d-glucose is between 4:1 to 1:2.

'19.  The method of Claim 8, wherein mixing further comprises at least two steps
including loading the virus, bacteria or other cell with the methylated monosaccharide
and then adding the at least one additional compounds to form the preservation mixture.

20.  The method of Claim 19, wherein loading is achieved by equilibration of. the
virus, bacteria or other cell in a solution containing the methylated monosaccharide.

21.  The method of Claim 8, further comprising a step of secondary drying.

22.  The method of Claim 21, wherein said secondary drying is conducted at a
temperature in a range of 0° to 100°C.

93.  The method Claim 22, wherein said secondary drying is continued until the glass
transition temperature is raised above a selected storage temperature within a range of 0°

to 70°C.

24.  The method of Claim 8, wherein said drying step comprises boiling under vacuum
to form a stable foam.

26



18. The method of Caim8, wherein the at | east one additional compound is
sucrose, and wherein the ratio of sucrose to (a or (3)-d-glucose is
between 4:1 to 1:2. 19. The nmethod of Caim8, wherein mxing further
conprises at least two steps including |oading the virus, bacteria or
other cell wth the methyl ated nonosaccharide and then adding the at |east
one additional conmpounds to formthe preservation mxture. 20. The method
of Cgm 11% ﬁ’n‘&ﬁé@bﬂ‘bﬂaﬁﬂdh NEirth&r Ralpkeigdhdxteesfuhillidy said siablefoarhe  vi rus,
bact etr |fg%ﬁ) g cell in a solution containing the nethylated

nmonosacc rPde The met hod of C ai m8 further conprising a step of

oo Bl St s GBS PRl &b of Yooy A sagnonTary rying

C ai et wher ei n sai d secondary drying is conti nued until the gl ass
transition tenperature is rai sed above a sel ec storag enperature
withi2f.a rangthadfof@reseryimpayinggbactyia onetes gel b'f" a3 yppgte melf’ sai d drying
step ﬁmﬁmcmaagugmgmgimragaammh;mrmhmmr@tu%éb?@eﬂ@ém 22 6 25. The
met hoghn@ristdegai m 24, further conprising the step of mlling said stable foam
to forma pg evﬂr@s bakieridei dthet cefl wilhad pro@bant contpnisingzangghjlsiedg t he step

of se PGS condibting oA se/dndgita Vi rus,
bect dE A %@“‘*‘&t f\gfgsagrb@ A %a,ﬁfﬁ S Fbieathabil |y dur ng
V&F |

[l t 1 &
g{i: rfg iﬂ?f} %q:éjgo %%Bg% F §idcc ?Bﬁ&l‘t’éo%%ch s,”i%tf&%ia conpri sing:

ra or rotectant conprising a

met hyﬂfﬁ‘%eé‘fi‘tm?rﬁﬂﬁ He ide s Ct ed romthe pf nethyl (a
or udb'&’égg?ﬁfeﬁsﬂng ’@Hgl‘reg’ﬁ'g’ OX g ey %%ﬁ@&ﬁhﬁ%%ﬂg?{) e‘g—g} romthe group
conswéa lﬁ@a@f di saccharides, oligosaccharides, derivatives of

di sacchari des, derivatives of ol i gosaccharides, tqQ forma .preservation

m xt use; aﬁ‘mblﬂcthmd]gf Chaim 2&sfurtherpgmprigingadstapo tSé‘Pqnfiiﬂ dgAp@ 2% acuum wi t hout

f r eezitse foaml @hAREperatutdine rhogeof 28 1000C.net hod of O aim 27, further
conprising a step of secondary drying said stable foamat a tenperature in
a range of 0 to 1000 C. 27 "VO 01/37656 PCTI USOQO 32261
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- FORMULATI ON OF PRESERVATI ON M XTURES CONTAI NI NG SENSI TI VE BI OLOd CALS TD BE
STABI LI ZED FOR AMBI ENT TEMPERATURE STORACGE BY DRYI NG Abstract of the

Di scl osure This invention relates to fornulations and nethods for

preser vi n% sensitive biologicals, viruses, bacteria and ){fg cel S
by dry| articularly, the invention relates to

m xtures conprising viruses or cells and protectants, i ncI udi r}g rret hyl at ed

nonosac cHRMULATON OIRREGERVATION MIXTURES CONTAMUNGSRUSITRG BIGLOGICALS T0 BESTARWLIZED

emporatures. 1.0 H -t | fOCAWERE BHRERRYEFtroph g foypfe oo ent and T oher

6vpc- art 34- suhst spcc2. sav.doc 15 0226, 02

Abstract of the Disclosure

5 This invention relates to formutations and methods for preserving sensitive bielogicals, viruses, bacteria and
eukaryotic cells by drying. More particularly, the invention relates to preservation mixtures comprising viruses er cells
and protectants, including methylated monosaccharides, wherein the mixtures are adapted to stabilize these samples

during dehydration and subsequent storage at ambient and higher temperatures.
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