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Stability Drying/Vitrification — The mechanically stable foams formed during primary drying,” may undergo

secondary or “stability” drying at increased temperatures. Since glass transition temperature (T)) is dependent on the

chart

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

-7-
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0. 000.
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0. 000. OONAtyelow. In other instances, however, where stability at room temperature is desired, dehydratmn at a temperature above

©10. 000. 002. 50NA1: 20. 000. 007. 002. 505. 0ONAL: 645.
0055. 0065. OONAL:
. 5047. 506mm5@mmmw@@36d@@@@W@dé@wﬁéwwgmﬁbﬁﬁ“%mﬁﬁﬁ ®0ONI ANA1: 3067. 50100. OON?iﬁ

AL: 1$0100. OONI A, ANARA el pafeikd thé falifd and stability characteristics of the specimen will determine

( _ the maximum temperature it can withstand during the primary drying step. In the case of enzyme preservation, it was
shown that after primary drying at room temperature the stability drying temperature may be increased up to 50 C )
without loss of enzymatic activity. Then, the dehydration process-can be continued during stability drying at higher
temperature. Thus, by continuous or step-wise increases in the dehydration temperature, labile proteins can be placed ina

15 state of thermal stability at temperatures well above their denaturation temperature.

In addition to conducting the _stébility drying at a temperature above the selected storage temperature, it is
critical that this drying is carried out for a period of time sufficient to actually raise T, above the storage temperature.
Based on empirical results obtained with dried 10 pl drops of 15% sucrose + 15% raffinose solution, it was demonstrated
that more than 12 hours of stability drying at temperatures above 70 C wés required to raise T, to above 25 C. Primary

20 drying in these experiments was for 12 hours at room temperature {20 €). The results suggest that extended stability
drying times (more than 12 hours at 70 C and more than 60 hours at 50 C) may be needed to effect i increases in T, over
- room temperature. For some biological materials which are not heat labile, primary drying at higher temperatures, would
reduce the stability drying time at elevated temperatures needed to increasé T, to above the selected storage temperature. ' )

in one embodiment of the present invention, the foam is cooled from stability drying down to the milling

25 temperature, milled, and then the powder is subjected to further drying either under vacuum or at atmospheric pressure.
The subsequent drying temperature may be in the range of about 0° to 100° C. Such drying may be continued until the
glass transition temperature is raised above a selected storage temperature within the range of about 0 to 70 C.

To ensure that the T, is actually greater than the storage temperature, at least two methods are known for
estimating T, by thermal analysis. Differential scanning calorimetry (DSC) is the most commonly used technique.

30 However, the Inventor has found that DSC may be unrefiable 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 refiable for all samples, although it requires slightly larger sample volumes. -
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preparation wor erformed in an 18 C room
- 801X fr egdlovas transferred rnto a 1.7 ml microcentrifuge tube, to which was adde\r{ 2%['1l ;Srleb? 0 \m[rns I-‘C?#uﬁpr Jurﬂi“ the

The tube was placed on ice.

The ICDH (100 pl aliquots) was preserved in 1.7 ml microfuge tubes after addition of one of the four
different preservation solutions. The preservation mixtures were vortexed and then aliquoted into 40 tubes with 10 !
each. One sample from each of the four different preservation mixtures was assayed at time zero. The remaining

20 samples were dried at room temperature under vacuum overnight. After drying, another sample of each preservation
mixture was assayed. The remaining samples were divided into two sets, one for room temperature storage and the
_other for storage at 37° C. Every two weeks one sample from each preservation mixture and from each storage

( temperature was assayed for activity.
All samples to be assayed, were diluted 10x with 0.1 M Tris HC!, pH 7.8, and mixed by vortexing. The
25 diluted samples {10 ) were incubated with 3 mi of 0.1 M Tris HCI, pH 7.8, 10 pl of 10 mM MnSO,, 10 pl of 50 mM
Isocitrate, and 10 i of 10 mM NADP" solution. The absorbance was measured over time at 340 nm. Relative
activity was estimated from the changes in absorbance at 20 mV with a chart speed of 4 cm/min. The results are

shown in Figures 1A and 1B. _
Examplg 2 — The effect of reducing and non-reducing sugars and PVP on Isocitrate Dehydrogenase {ICDH)
30 was studied during storage at 50° C. This experiment is designed to test the reducing capability of additives such as
sugars. This reducing property is characterized by the capability to produce the Maillard reaction or enzymatic
browning reaction. For monosaccharides or simple sugars, the glycosylic hydroxyl group or OH on the C-is susceptible

to chemically react with amina residues containing NH or NH,, e.g. lysine, asparagine.
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preservation ofgyffisnenir@preparedin tivganpe of 30 & soeilwmmm spluFeOWishin the rprpe efcelybiity] of ithe
solutions in 0.0t M hos hat e puffer vvere are s

t hr 38igh Coompopngs withofte GPWES“(“P&‘%%‘E"H&“P%‘W “ffq?"f %?‘*‘“ Ei‘!' s‘l'“?"“fs k‘li’t’ fm"%
sucrose: negayh 08y lg“gd,ddggm,rug{;om de, 12) 1: 1 sucrose met hyI

a-d-gl ucopyran05| de, and 13) 5:2 10 sucrose:glutamte. One vial of ‘I&'{RE en
seed stock hot TGStz 9@} paceed intactsaplels @0 MiciaseoPe n'étema@)“'@ qrpused sither 1A fest f

cold water, .The L NErhdfots (Gl \gbelmdraﬂ 16vhol-" S
equi growt‘“ mwﬁ’;}@w "ﬁua@%fm gg%?ﬁfegg;st%ﬁ{hﬁde&?gr rmﬁdzia (WS}ILEJ r 20 ga ofn 50%
Dextrose V\agnedfiidiastope Slidésiusingrae20l .l pipetpsts drbpi tenet pl didplets briteeath slide. 10 ﬂm!m-tserwlw t h

the cap | oosened at 37 C on the shaker set at 1 i

to 39 hour Reparyihexescwifh RRIEBITE esicsant) daxes sSample g\d‘ﬁ\»’eTB’ aEFHt“F‘fnb'{ 'E%Tﬁ%gc?ﬁg" sg%ﬁ g% i cal
density | QD) aof Tﬂerﬁ) ﬂev o crﬁttals %nﬂﬁ%ﬂe%‘t%\ﬁeﬂfler GROani Fetdrded. 1A% teh Gworviskks, the samplest y
streak with a oo of the culture onto TSA Il + 5% bl ood ag&e (NPot K1
RUWY was pes frzmsferedl |ntumf52&rrelatlm|wmdﬂ (BH ammssphepesisatuspted Mofiigla)s Cryptaly AN at e
was exam n LedY.d BliowRPPr OXi mately 23.5
hours of i g’ﬂ‘ﬂ'}f ?‘"C’)r ime '@tm%rr{nepafh g"%ﬁsucu{"t %Zghwas t(rﬁ{afr@ferred into a 500 m
flask with 250 ni of growt h nedium The pre-culture was incubated
approximately 4 hours under the previously described 20 conditions. Another
purity streak onto TSA Il + 5% bl ood agar. After incubation for 24 to 48
hours at 37 C, the -



pl ate was exami ned and no contanination was detected. Absor bence of the.
pre-cul ture at 600nm was 1.888. Approximately 5 hours later, 50 §1AU6c2808he
“second preculture was inoculated into the fernenter contai ni ng 1000 m of S
equi br Otg\lf)&j%ﬁg The fernentation conditions were: gperaiscoB2Y6lh
. pressuriz at 1 liter per mnute, agitation of 100 rpm and pH
regulation using 2.6 N HCL and 2.5 N NaOH at a tenperature of 37 C. 25 Once
the culture reached stationary phase, the cell culture was mxed with
preservation ,solution in a 1:1 wei ghgamgli 0. A honbgenous mni xture was
obt ai ned by vorteX| ng. For each vi rusr‘p'r‘e?ervatl on solution mxture) 1.0 g
was | oaded into sterile 10 n50%SuenseNSGamoplet Giystalization um vi al s | Wheaton). A
sterile 13 mmfinish |yophilization stopper was then placed to the first
stop into the nouth of each vial, thereby |l eaving the notch in the stopper
open to allow for waf€r evapgk m stevagetur | Ng the presde% 8 swngpt’ocess. |Vial s
were then place on almetal drying tray  The tirays were —20————9-AJE 2a3
WO 1l 37656 PCT/ US00/ 32261 | oaded into a pre-cool ed (5 C freeze-drier
nodi f i ed (+6—€3 cputc trhre |‘He%kn|ury| Mg TERKPT- A [ NERdERGOUPI[e WageekRaced in
one of the vi & to rfonit'Or the ganpl e tenperature during the drying
process. |Af $ierosgMSBerjvati on, vialls were stoppered under vacuum and t hen
renoved flromthe drying—rachire—pPial e seal cu] Fth gt gy T
seal s and hel dﬁét rocmte?pd)ératur . 5 iquotjs (1 ¢g) of each con?rol sanpl e
(cell culroreggpresdrvatigys sol Ut on)oooere di | ut ez0lO-f ol d W|250 PBS
Sampl e vilal s fromth preserved dells \ hydrat d wi-Hh—106 ﬂ S.
R:e control r2@1preserved &Wnpl e wer #8%urt hdr ~ di 19804 t o] 10~ %d 10 5. )
ree sprte Hm tes—qgf—10 g — '@ Prepared ggp bl ood agagep The pl ates
wer e inCLbated zt 37 |C for 48 hours. For_all lsanples, thel colonies fofned
on each grate gere cduntedo0The pl at esd.Bhat |eI deﬂiﬂﬂoetween 300.8thd 30D
col oni es lwere used tg calculate—tHhe—CFH-r— ||c Spen for—tte eseryed
sanpl es s 1084 hen di vi degmoy CHUI m qtqoomt e con roI sappl es ‘(cel |
culture) depgrm ne the gpgsur vilval a(f_aoer prleser vago on. The r&ﬂml ts @re
shown in [Figure 5. Examile 9 - /ine R ory—Syneyti-pl b 1s—-BRBPV) ,
Rhi not ragEei tizB(I BR)| Vi r@90 Di arf hea $8vD1, fand T8 nt | [ilenza g“j(

vi ruses e \,HGL uredr T di yggpual Ty andyjjarvesfed. ¥Bkher hhrvessiong, the
re mxed with stabilizer and then dl[_spe.nsed_Ln_a.ppLng-na-LelA 40

Vi ruses
m aliquofs ant3tthen frozed.0dn a | 80 CNiAreezef untﬁ7l50procassi nd:5015 The
f ol | ow ngl+0%-w-wpreservas isﬁn SO}t UN% weT el pr ep,grogu TN 0. dlzglggphoSphat e
buf fer and sterl qe filter hr ough Corning 0 ES (Pol yesthersulfone)
Filter Sygstemsiqd L ) P. 1 smgpose: et hyNAa- d- g ucop755rﬂan05| e, (B)004: 1
sucrose: npethyl a-d- nlucnnuranos:d angd-—{3 512 SHEEST: r—af-fn —AH
product p epar a8i on wprk V\7€§§’°perf erednlAn an {18 . rg /i ruses wereltaken
fromthe 80 C g EEZE[ andggppaced[ i n cepl tap| wat egs.000 thaw (aggn0oXi Mt el y
hour). Using aseptif technique {a mxture of the fourvj Fuses 20 wias )
pﬁ‘epar ed jn a 1Bdio spt in42250eril > 50 MA pol y:)ropy‘?zéqe cohi cal 2t@bes Two
arts of ptertfe-preservat —sotptTomn Ssadfied T ne rt ofggiral
Prixtur e. A horﬁo@%ﬁous m Xt EP% was | obt au"ﬁxgd by vortgg?nn p?nr pEnh
vi rusl prefervai.ppn so| uti o000 xtufe, 2N g wap Ioaﬂ@@i int ¢ steroiope 30 |m

borosilic Ha-w-al-s—(heat-e1) ert1 o T =

| yophi li zh ﬁ*ﬂsﬁppe “was/®Wen placed WA, thelfirsfo®; op iinto 'heo_rmut h of
each vi al TET €D pRIERFYT N t Ne no chin the stopper open to allow for water
evaporation during preservation by foamformation. Vials were then place on
a netal 25 dryi igMgiN@y, The trays were | oaded into a pre-cooled (5 O
freeze-drier nodified to execute preservation by foamformation. A

t her nocoupl e was placed in one of the vials to nonitor the sanple
tenperature during the drying process. The drying process was then
performed. After preservation 6y foamformation was conplete, vials were

st oppered under vacuum and then renoved fromthe drying nachine:.Vials were
sealed with alumnumcrinp seals and held at 4 C. The preserved sanples, as
wel | as frozen control sanples, were assayed by the foll ow ng net hods 30
Madi n- Dar by Bovi ne Kidney (MDBK) Cells were nmaintained in Dul becco's
Modi fi ed Eagl e Medium (DMEM w th 5% donor horse serum (JRH Bi ol ogi cal sl .
The serum was anti body and free of BUD, IBR, PlI, and BRSV. The foll ow ng
virus neutralizing sera were obtained from NYSL and used in the virus
titration of each fraction of the vaccm&V BYDY antiserum NYSL Lot 4X; PI3
antiserum NYSL | ot 86.2; IBRV antiserum NVSL Lot t OX; and B RSV antiserum
NVSL Lot 88-5X. -21




~~ 9 A~~ ~~(l,~ . WD 01/37656 PCT/US00/32261 Virus titration for each
fraction of the BRSU, IBR BUD, and Pl~ sanples was det erninedl By AHG42003y
“~vacci ne, perforned by neutralizing the other three fractions mnth Vi rus
specific antiserum Cultures of MDBK Cells in a 490 cm- %ghgﬁ ée wer e
. renoved WONOK37656i n- EDTA (Lot 7B2028, JRH Bioscience) a uspended in
DVEM + 5% horse serumat 1.5 x 105 cells per m. The 96-well plates were
planted with the cell suspension at 200 p | per well. The 5 microtiter
pl ates were cultured overni ght and usiAMlEhe next day for virus titration
when the cells were about an 80% co & er. Each vial of
preserved viruses (4-way vaé%ﬁ\%"}°’&ﬁ§ H@H@%@& % h 15.5 M of DVEM This
was considered a 10" dilution. The figifitewindl s of each rehydrated vaccine
were pool ed and used for virus titration The coptrolviruses—were—the
frozen |rusemt|09\|cﬁse:1M$ﬂ sarr,pl e of twee"ﬂehydr atefl vacci n¥ek% t aken hnd
added t sterjtet——viat—16—cont mg— 03 of eachgggpiiserumi{o the
ot her three Tvi rijbarese exahpl e, d? qratinq BUD. 0.1 nl_of vaccing was
(. addedfTo a vialgicontai ning 0.3 n1 800i -1 BR sefum 0.3 f00anti-BRSY
serum and 0.3 m anti-Pl3 rum—The total—velufre—at—thi tage—was]1l. 0 n
and the Virus dil¥lion was 1p''. The ﬂ?&ture wes |ncubateg'?or 40 m mut es
at room penperatuge—Ten-fol g diT Ut Oggg of the viruses wep@onade in 96-wel |
pl ates by addi ng §g|~.l of the neutralized ( 10-1) 1 S sanples to-the wells
(200 ~I)fon The figst row of[a plate. 08&ch vell Was ni xed % hi s was
di | uti onp10-) ﬁn% 22—+—wastransferyggt to the Fecond Toyggand SO Tqrth
ntil f|1|shed V'ﬂus titratlons were perforned iln colums 1.10 C ms 11
nd 12 were Teft gg uni nfect §d cel | c0m0rols The pl ates ﬂﬁme i ncubat{ed for
fOUI’ day‘ at 37 Cin._a 5% V_att rmcnhnrn |||\., |||fC\,LiUII UIOO IlUbUb Wq S
determined by cytddat hic effgct (CPE) pgadlngs Finally, the virus tiJters
wer e cal ¢ttated—byzustng the|Reed- Muep@h net hod. |The titergnoof the fdur
viruses obtained fromthe coftrol viruses 20 and!fromthe preserved
vacci nesjiwere recokided, and onpared ﬂ@ﬂ | oss of .Jvirus duﬁﬁﬂg preservati on
The resullts—are—showr—A—TABLE TABLE 925 —Sumvivar (~geaf T er
Preservati onPr eaer¥et i on SolutlonBRSVI BYDPI 32: 1
sucr ose: VAGIT5. U14.497. 7105. (4: 1 sucrdsﬁe I\/AG63 1' 437.285.2%9: 2
sucrose: naf fi nosedd 74.677.634 7 -Exary A—Horrotati Ud'UOUf preseryved
| uci f er age (Slgna 16 . 9560) suspended1ym perflu0|odecalin was prepared and
tested fgr—stabrtify. LyophiIjrzed Tuchberase (1 ) was dil580l ved with 1 mi
of 0.1 MITris buffer, pH 7 4] containi nn 1 gt BSA: Theﬁ stHng ngl m
| uci ferage solutldﬁﬂmas dialyzed in 5600 of 0.4 MTris Bdfer, pH P2
|~ 9 A—~ ¢|o7656 rp|/uauu1g§$pl 7.4, clontal ni ng2songl M BSA at 4
C for 3.5 hours #%e dialyzed luciferase WAs transferred 'intoa
microcentfrifuge tuts and the |l uciferadédloncentrafion was ¥é&Per ni ned Usi ng

he follg H-on—g—ef—tntttat—geiferasefuciferasgggoncentrati on =
i-nal vollunme of d|%Wyzed | uci|j erase ( A presefvation mxture was
prepared [0y T XT g e® ~. | ofl 1 ~gl ~I 1eboal yzed lugiferase Wk h 99.5 g|of a
50% 10: 1 |sucrose: MBG preservalti on-soluti-onr—Fre—preservattonnrxture—was

t henSwei ghed into nine sterile 100 mM serumvials,10t 0.05 g per vial. The
remai ni ng di al yzed fuciferase was aliquoted into twenty m crocentrifuge
tubes, 20 ~g each, and stored at -80 C for further use as standard

| uci ferase. The preservation m xture sanples were dried to 10 20 C for 4.5
hours, then to 45 C for 60 hours) then to 60 C for 8 hours, then to 65 .C
for 16.5 hours. Sanples were then stoppered under vacuum The vials were
noved to a dry room (anbient r.h. "14% . The vi.als were opened and the
foans scraped out in to a sterile mlling flask. The foans were gently
mlled. The resulting powder was weighed into sterile vials, 1.07 to 1.11
glvial. 2 m of perfluorodecalin (Al drich N p-990-01 was then added to each
vial and the vials were stoppered with the dry anbient air and noved to a
37 C incubator. 15 luciferase assay reagent and PBS containing 1 ngl m
.E3SA was equilibrated at roomtenperature IRTj for at least 30 mn. 9.42
m of PBS containing 1 nglm BSA was added to a mlled sanple (1 ~glm) and
mxed. 1 ~glm of this solution was used to nake serial dilutions by a
factor of 10 to obtain a final concentration of 1x105 ~glm . A reaction

m xture was prepared by m xing 100 ~I of RT luciferase assay reagent with
20 ~I of diluted luciferase. The reactiop m xture was placed in She

| um noneter and the |ight produced was ieasured every 10 seconds for 1 mn.
The 20 relative light unit per second (RLU Ss) versus relative enzyne
concentratlon (ugln1) was plotted Each tine a nllled IUC|ferase sanple |n

Y D T T Y Y I L T



30 Exanul e 11 - The bacterial strain Lactobacillus acidophilus was grown in

atw liter capacity fernmenter using a standard protocol speciﬂﬂg%t§”@he 3

" species. The fernmenter cell popul ation was counted at 8.1' "d O. (01 b

The cells were harvested by centrifugation, resulting in |

. concent r aWD MBR6Y popul ation of 7.83 “d 0.75 x 108. The %@frldﬁggﬁiggﬁ rate

was diluted in preservation solution consisting of 800 m of 40%

sucrose, 10% net hyl a-d gl ucopyranosi deABlE8sol ved in 50% buffer [ww). The

resultant mxture was filled into ol vet ene.Petri dish bag at -23 | ~

9 AUG 2u3 WD 01/ 37656 PCT/ lﬂﬂﬂ?“&'ﬂ?g'l“gwﬁmﬂﬂﬁ“ﬁq@"?g%i nder was reserved for

anot her use. The enpty pol yet hyl ene bag was attached to a hol ding device

located inside a 4 %x 19 inch, cylindrical glass chanber supported—Ry -an

al umi num frane. This[glass cifetsteragedrved as [t he bufSK% BY $tP5a8e ‘Chanber |f or

preservation by foam+ermrattefr—The—test——sotutitom was fitied into the

pol yet hyl ene bag with the aid of a length of silicone tubing. The glass

chanber Was ags59 T111€ed Wiekim anw$xtermd&2 gl ags wawesk1j acket Sweskdng t|he
r

entire tlbe length. The jacket s coupled tg a recircul gting, tenperjature
control | ¢d lpasiteMSBat h. The water |j acket served as the hedting source [for
the process——ifeytags chagper Was conpgcted|at thgadi scharge Wad to jthe
condenset of a |lyophillizes. At the conclusion of the pregervation—byfoam
formatioff proasss, the sysiem vaduum v¥& broKen wiMA dry nitro¥Y8n. The bag
was renpyed—and-examred—hry—mchanteatty gtabt ey bri T e oy had
1 . 1 N h . .
clearly lheen pﬁroduced. The "mat erijal was gentlly crushed into particleslwith
ta&e consifstengyjofr sand, ugi ng [ijght hazmd prgssureld0The 10 begNMas cu open)
d the ¢ontents transferred to 3 clean—contdi = : _
sanpl ed i{n tritplicate. Thel contlai nelRas tHen pu} ed wifth dry nitropgen
and seal ¢d: L Sanpifes Welge cul'fjured gnd celfl popwgat i ons conpjared "tp
control dulturées of 1 m of dried lLactobacilllus acidophills foam-dried in

10 m vi4Ts byotine same prdcess. |Resul s t hat| demoi®trat €| survMBal of | t he
test bactlerial—stratHi—are—surrartzed 1 TA — 12% TABLE 10 gl e
Ori gi nPI 4t e SEBIHPSeNENPI at € Count| Std. V. s Assayed 1Q) Volune Dillient

fm)Acti viTy CelThieRyer age per Sanpl e/ abl e vs. Vial Control Bag

Al. 21E+090. 91E+070. 24152. 41. 21E+091. 12E+0992. 50Bag

Al. 09E+091. 05E+08WeldE63. 41. 09E+09B3. 10Bag

Al. 07E+091. 07E+080. 18481. 81: 07E+0981. 32 Modi ficati on of the above-descri bed
nodes of carrying out various enbodinments of this invention will be
apparent to those of skill in the art follow ng the teachings of this
invention as set forth herein. The exanpl es 20 described above are not
limting) but are.nerely exenplary of this invention, the scope of which is
defined by the followng clains. -24 ,~ 9 AUG L~~J 1. A preservation

m xture conpri sing:

(- - . )

e
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a vi rus bacteria or other cell which is sensitive to loss of viability
during dry| ng and storage at anbient or hi gher tenperatures; a n’bgh)wgtm,g
nmonosacchari de selected fromthe group consisting of nethyl

agl ucopyranosi de and net hyl /3-glucopyanosi de; and a di sag ected .
_fromthe WQOY3Z6¥Msi sting of sucrose and trehal ose, or al t@fﬁﬁ”ﬂ@&?@

ol i gosaccharide. 2. The preservation mxture of Claiml, wherein the ,
preservation m xture has a total sol ulABLE&ss, and wherein the nethyl at ed

nonosacchari de conpri ses betwe 6 and 80% otal sol ute mass.

3. The preservati gﬁ MW[PF%M?}PV?@@K\WW“WEM%S H%‘tchﬁﬁf AR

nonosacchari de conpri ses between 20% and 60% wt % of the tot al sol ute nass.
4. The preservation mxture of Claim1, wherein the preservation mxture
has a total solute npss, and%itsterage*t he di sacchari 5% Bbnyrpgesés bet wgen 5%
and 80% wt % of the tbetal—soetute—rass—S—TFhe preservatitomrmxtureof—C aim
4, wherein the disaccharide conprises between 20% and 60% W % of the total
sol ut e NMASRaticBucrdsa€ Pr €Sedief | ON| M Xiwgekez of ¢ ai medk 1 Whel ei n vieble2
preservajion m xture|lhas a total |solute nass| and wherei h the

ol i gosac:hariuéﬁcorrp i ses between 5% and 80% w % of the fotal sol ute|nass.

7. The pi T Xtu arm ﬁo—owhmr‘——fl Bgp Ol 1 gpSacchgy 1 de
conpri ses be%V\ngsg oandhg%% oof the tot solute mads. 8 A nethod of

preservi hg a ¥t us bact elﬂloa or ¢t her 25| | %ﬂ ch 280sensijti ve ¥b | osq of
Vl abl | | () dur' Ro uu7| ||3 ot Stof i t—ot IA giICI Lcllpe o €y, the
nmet hod conpri g‘? ﬁg m{ Xi ng dme Vi fus, 3 teria or gtﬂ er cell “ﬂ

rotectaft comgf{! SI ng a npighyl at €d nomggeacchari deogel ect ed froIMthe dr oup
onsisting of nmethyl I(a or (3)-gllucose and att least _one :Arl.t. epal—ednpound
sel ect ed|fromi®he gr()up c O ¢ stl ng of 0@Psacchari dé2d ol i (OS&CC%I’I ded,
derivati yes—ofgdirsacyimart (6? rvatigggs of [0l 1 gggpccharfi des, yfo fonm a
preservafli on mxturej and dryi nq the preservation mxtured 9 The netlhod of
Cl ai m 8, |wher e&In sai q vi rdilsop bact er| aO(ﬂB ot her ceIUlUUfurtker colbrised a
vacci ne ¢r—veeter—25 O—AL6 |||c meth Car T 8 Wer g n
drying i $ concﬁﬂct ed ty fré’é’ge dryi ng hygm ccat i on\0 spray-drvi nﬁ? fluildi zed
bed drying, dryggng i a vapgum dryi n@.oon a dry atomnsphere, anNAdryi E]lllg by
foam forqation. 11 The pethod-ofl Claim 8 —wlereiln—t Ghe—p eservgitonr—j xture
has a tofal soFute niss, @ wherein W8 net Hyl at ¢ rmnosaccham
conpri seg et M S5%[and gy Wt %|i T T Ipgpt ot al| sol uyfsg nass. 12. Nﬂ'he met hod
of O aim|ll, whereinl|the nethylatled nonosacchari de conprilses betweenP0%
and 60% Wt % of 4 he tdtal d¥0ute rmss. 288. Thd et of Ql ai m ¥A wherkin
t he di sa¢ehar+ge—+s—sucro r—trietat A The hod [of T gpm 3,
wher ei n tthe preéservatfi on 2??( ur e fhas gs: ot al |sol utsgwnnss and\?ﬁ.e_r_e_l_n
di saccharni des r®npri e 5%2asm 80% wt %AZJGOthe t ot a67.8bl ut § massNA15. The
nmet hod off—Claim- 14 —vhereif—t+he—gisaece —teteonptises—heatweeny209=and 60%
%if the tot!dl sol Jte mit® 16. Theg?rgd[ hod |of OP% wherei'n the
\Sireservat on gyt ur € [has g7kt al [Ssol ujge.oomss,| and nmerei nf ol i giigacchafi des
conpri se |bet ween 5% gnd 80% wt % df the total hmass.—17 T"lre—FFe{—&?d—e-f——Cl aim
16, whergin tH&0ol i gdsacc &bl de donpr 1088 betfween MBo% and 60% W% of | he
total soluteMgss I Thyggggtod of gl ™ 8, whergn thel at Tgast on
addi ti ondl conpound ils sucrose, dnd wherein tlhe ratio of lsucrase to (h or
(3) - d- gl UcosBo% MABet vieen #0000t o 1: 2. 1WA The [met hoWAof O i m 8 NAwheref n
m xi ng f l-ther—eomprses—at—teast—two—steps—tnctudimgtoadimy—the viTUus,
bact®ria or other ’ﬁ%ﬂ'l wi th the nethyl ated nonosacchari de and then addi ng
the at |east one ggfe,),i onal conpounds to forni the preservation mxture.
20. The nmethod of Caim 19, wherein |oading is achieved by equilibration of
the virus, bacteria or other cell in a solution containing the nethylated
monosaccharide. 21. The method of O ai m 8, further conprising a step of
secondary drying. 22. The nethod of C aim 21, wherein said secondary drying
is conducted at a tenperature in a range of 0 to 100C. 23. The nethod Claim
22, wherein said secondary drying is continued until the glass transition
terrperature is raised above a selected storage tenperature within a range
of 0 to 70C. 24. The nethod of Claim@8, wherein said drying step conprises
boi l i ng under vacuumto forma stable foam 26

112
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<~ 9 AUG 2003 25. The nmethod of C aim 24,
mlling said stable foamto forma powder.

“further conprising the step of secondary drying said powder.
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Example 6 — Bovine Respiratory Syncytial Virus (BRSV), Rhinotracheitis (IBR), Viral Diarrhea (BVD), and

Parainfluenza 3 (P};) viruses were cultured individually and harvested. After harvesting, the viruses were mixed with

stabilizer and then dispensed in approximately 40 mi aliquots and then frozen in a —80° C freezer until processing.

The following 70% wiw preservation sulutiohs were prepared in 0.01 M phosphate buffer and sterile filtered

through Corning 0.22 um PES (Polyesthersulfone) Filter Systems: (1) 2:1 sucrose:methyl c.-d-glucopyranoside, {2) 6:1

sucrose:inositol, (3) 2:1 sucrose:isomalt, (4) 5:2 sucrose:sorbitol, (5) trehalose, and (6) 5:2 sucrose:M_S(i.

All product preparation work was performed in an 18° C room. Viruses were taken from the ~80° C freezer

and placed in cool tap water to thaw {approximately 1 hour). Using aseptic technique, a mixture of the four viruses

was prepared in a ratio set in sterile 50 m! polypropylene conical tubes. Two parts of sterile preservation solution was

added to one part of viral mixture. A homogenous mixture was obtained by vortexing. For each virus/preservation
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|t 109& (W zaﬂ% /&opetsr Wﬁé@\&%ﬂ wg’ﬂgﬁﬁi 8\ ¢ the mobfh %fedch vial, thereby leaving the notch in the
300/;3 éL ;)%&' {tdp p@]ﬁ_ g[?z& {o%a;bbv}fmhﬁter—'dvggg&i Mmms@ryatwd by ioggn fvagtion) Viels wergdhemmzre @ramptal s @l
1, &LOYRE Qr,mg\;gay A The eys wefe. Iy ed(mtclgg}a 3&&&34‘ 35 k drieb W? t/ ?xécate preservation by foam
16 éO%m‘&(o%f oA thétfﬁ&%ﬁﬁ‘ \nfaQ plﬁ rﬂ-f?%’e )thd \halﬂ%?noén))r thé L0RA8; tqmperaturg @urisgDthe drying

4109 =I'I'x" sf
sf &10%PP&prcess) $M dgyjmmnq&sq\yas nl]en gp%lrmgh/&f\el) presexyation hy doam: i?njmtlpq_gas complete, vials were

e ?)/&?(tgvfl"aﬂ"ffﬁ %%(%L%ﬂvm@mr&dmmm@ 1188 B0 Gkl ke ) - G |

10=mlO%&' he)d-a84P:CL Theresorved samnleslmlaﬂ s )frozen contiahsampls) weymgsayeég\\thq folloying 'M%%

B§>1(1 \)NX7 é.{)‘lA: Ih&' %dlﬁ%%g%ng ney W/K)%ﬂsoﬁq?ﬂﬁ\@ 381 A&I&(Ho?&ﬂo@ned%’aﬂ@ﬂr@g?m&r(]mEM
> @LOYRN &ik 3% Ganbr&iorde M0l &IRA BioBY[PEhE derum s antilk@y bnd 1@e #f BARL0BR. Pl, and oo m~©
h&l (- 2@0%%%%&2% grallzmg sera were obtamga IQm NVSL and used in the virus titration of each fraction of the
vaccine: BVDV antiserum NVSL Lot 4X; PI3 antiserum NVSL Lot 86.2; IBRV antiserum NVSL Lot 10X; and BRSV ’)
antiserum NVSL Lot 88-5X.
Virus titration for each fraction of the BRSV, 1BR, BVD, and Pl, samples was determined by a 4-way vaccine,
15 performed by neutralizing the other three fractions with virus specific antiserum. Cultures of MDBK Cells in a 490 ent?
roller bottle were removed with trypsin-EDTA (Lot #7B2028, JRH Bioscience) and suspended in DMEM + 5% horse
serum at 1.5 x 10° cells per ml. The 96-well plates were planted with the cell suspension at 200 pi per well. The
microtiter plates were cultured overnight and used the next day for virus titration when the cells were about an 80%

confluent monolayer.
20 Each vial of preserved viruses (4-way vaccine) was rehydrated with 15.5 m! of DMEM. This was considered
. a 10° dilution. The four vials of each rehydrated vaccine were pooled and used for virus titration. The control viruses
-were the frozen viruses. A 0.1 ml sample of the rehydrated vaccine was taken and added to a sterile 1 mi vial
( i containing 0.3 ml of each antiserum to the other threa viruses. For example, if titrating BVD, 0.1 mi of vaccine was . )
. added to a vial containing 0.3 mi anti-IBR serum, 0.3 mi anti-BRSV serum, and 0.3 mi anti-Pl, serum. The total volume
25 at this stage was 1.0 ml and the viruS dilution was 10". The mixture was incubated for 40 minutes at room
temperature.

Ten-fold dilutions of the viruses were made in 96-well plates by adding 22 i of the neutralized {10")
samples to the wells {200 p) on the first row of a plate. Each well was mixed {this was dilution 107) and 22 pl 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° Cinab% 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 thé control viruses
and frofn 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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Example 7 - Newcastle and Bronchitis viruses were cultured individually and harvested. After harvesting,
the viruses were mixed with stabilizer and then dispensed in approximately 200 mi aliquots and frozen at -80° C.
Frozen viruses were stored in a -80° C Revco freezer until processing.
- The following 70% w/w preservation solutions in 0.01 M phosphate buffer were prepared and sterile filtered
through Corning 0.22 um PES (Polyesthersulfone) Filter Systems: (1) 2:1 sucrose: methyl dc-d-glucopyranoside, (2) 4:1
10 sucrose:MSG, ({3) 4:1 sucrose:maltitol, and (4) 13:1 sucrose:mannitol.
‘ All product preparation work was performed in an 18° C room. Viruses were taken from the ~80° C freezer
and 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 virus/preservation solution
15 mixture, 3.0 g was loaded into sterile 30 ml borosilicate glass serum vials (Wheaton). A sterile- 13 mm finish
' Iyophilization stopper was then placed to the first stop into the mouth of each vial, thereby leaving the notch in the
- stopper 'o;;en 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° C, the samples were held under
refrigeration).
" Virus titers were assayed as described above in Example 6. The results of a single experiﬁ\é;lf are shown in

25 TABLE 8.
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&5 . Once the culture reached stationary phase, the cell culture was mixed with preservation solution in a 1:1
weight ratio. A homogenous mixture was obtained by vortexing. For each virus/preservation solution' ;nixture, 109g
was loaded into sterile 10 ml 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 altow for
water evaporation during the preservation process. Vials were then place on a metal drying tray. The trays were
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x{ x 3| 10%y Spldat(df C2BiE prag@medshripley, as/®ell as frozen control samples, were assayed by the following methods

D—%LROW&Y& ( )Magéx %{%%g( I@Y (?%eeﬂ/ &Xr&mglatalﬁﬁﬁ |m1ﬂ%@c§9'§wlt(d}hed# gbgle Medium (BMEM)

UVZ Dh[:)
x{ X3 0% Syif 4s)dono uisd Yy SRH Bisogyi<. OVhp B Yjs-axBpl Gy & VP IBR.chjanisRS e hhe)
#x3| 10% &y 8ho&i)ng vuruJ neutré({ Z|r¥ serg 2~ere obtained from NVSL and used in the virus titration of each fraction of the

vaccine: BVDV antiserum NVSL Lot 4X; PI3 antiserum NVSL Lot 86.2; IBRV antiserum NVSL Lot 10X; and BRSV
antiserum NVSL Lot 88-5X.
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x{x3| 10%y &y & () x3| 100/Iy&y&' ()-x3| 10%y &y & %) x3| 10%y &y & ()-#3 x{ Dh[:).
#3x3| 10%y &y & ywu#ﬁiratlon for each fraction of the BRSV, IBR, BVD, and PI, samples was determined by a 4-way vacCine,

;g(gl?’ |1 é(?/;/% &Téd) h% )éﬁ%{[% Véﬁfrggr§§§ tmn@ %‘ﬁ%frﬁ% s@c’?&( gi%‘eﬂn@/ é‘Mfg‘reg &l MoK E4lls i a 490 e

;i i( é F|1 é?%&g&bt{tﬁe‘wgﬁlr%noﬁw &M!&irﬁp)m 515 1109%7&30&8 ,(JRH Bios2infice))and suspended in DMEM + 5% horse
X .({) f)(/ f | 1 6%/ " éy@( % yfé% li’»%‘lce} &%"L;%*L %h} )éé‘hej(l gh/% &¥§L§¢6|%&9§%85 /&h&cezl )suspensé'un a&ZOf d"! /ge&wflg The
) i e gt s

sSlO%rf & cqnjlue® mer@layer. 10961t &’ () - s10%mtm& ()- s!10%mtm& ()- sz10%tm& () -

P10 )l W e G T 1 s
/" 10%t &' (40 dildtior Ok@Tbirsialé df-each rehydhf@8 watoing.werp poolii@hd used for vir@¥rative. Thy control viruses
; iggﬂ %v‘((e)? tﬁe;iroéfgg;m;@&nﬁﬁﬂ( Pnl-sam;;'le 8 tﬁﬁrmr&d v'at':cfrjlg( wg'slta(en ar%%nem?% ;S lterile 1 mi vial
10 containing 0.3 ml of each antiserum to the other three viruses. For example, if titrating BVD, 0.1 ml of vaccine was
added to a vial containing 0.3 ml anti-IBR serum, 0.3 ml anti-BRSV serum, and 0.3 mi anti-Pl, serum. The total volume
at this stage was 1.0 ml and the virus dilution was 10*. The mixture was incubated for 40 minutes at room
temperature.
“Ten-fold dilutions of the viruses were made in 96-well plates by adding 22 pl of the neutralized (10)
15 samples to the wells (200 p) on the first row of a plate. Each well was mixed (this was dilution 10?) and 22 pl was
transferred to the second row, and so forth until finished. Virus titrations were performed in columns 1:10. Columns
11 and 12 were left as uninfected cell controls. The plates were incubated for four days at 37° C in a 5% CO,
atmosphere. The infection of viruses was determined by cytopathic effet;t (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
20 and from the preserved vaccines were recorded, and compared for loss of virus during preservation. The results are
shown in TABLE 9. | |

TABLE 9
25 -
Survival (%) after Preservation
Preservation Selution BRSV IBR BVD Pl,
2:1 sucrose:MAG _ 1150 12.6 97.7 105.0
4:1 sucrose:MAG 63.1 74 37.2 85.1
5:2 sucrose:raffinose . 447 4.6 71.6 34.7

Example 10 - A formulation of preserved luciferase (Sigma # L-9560) suspended in perfldh'rodecalin was
prepared and tested for stability. Lyophilized luciferase (1 mg) was dissolved with 1 mi of 0.1 M Tris buffer, pH 7.4,
containing 1 mg/ml BSA. The resulting 1 mg/ml luciferase solution was dialyzed in 500 ml of 0.1 M Tris buffer, pH
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710% & ()- 396 10% & - 4&10% & ( 2 310 VU4 | SY40% & () -
"10% & ()u@and tmﬂ/a{f&asesﬂm"@“%m "*(")' fedysyp %t‘/’ '6% & ()-ca4+|[:vUa | "10%
& ()-@@*10%& ()-F @& 100& ()- FlO%{&' ) - 3 "10% & ()-F
Tk & () fjfyk[lo% O o & &g@fqi%&ifcy asSU & () vos 101
' ""10% & it qieras@of & () - YS5" 109% &
I3Z&10°/¢|( & ()lusiferasq eecg: t)(? "61'0 101 VS hutheof - BalysedlMdrate (Y4 10% 82(() o
L0% & ()- y10% & ()- #10% & ()- 410(10( 0( 2 109% % () - Ty b|[:vUs L1
10%&' ()- @10% & ()- LF" 0%1&' ()- t10% & ()- F 10%& ()- 3! 10% & ()-
bef KO/U4 L1 preservation mixture was prepared by mixing 500 i of 1 pg/pl dialyzed luciferase with 98.5 g of a 50%

10:1 sucrose:MSG preservation solution. The preservation mixture was then weighed into nine sterile 100 ml serum
vials, 10 x 0.05 g per vial. The remaining dialyzed luciferase ﬁas aliquoted into twenty microcentrifuge tubes, 20 pg
each, and stored at —80° C for further use as standard luciferase. The preservation mixture samples were dried to
.10 20° C for 4.5 hours, then to 45° C for 60 hours, then to 60° C for 8 hours, then to 65° C for 16.5 hours. Samples
were then stoppered under vacuum. The vials were moved to a dry room {ambient r.h. “14%). The vials were opened
and the foams scraped out in to a sterile milling flask. The foams were gently milled. The resulting powder was
weighed into sterile vials, 1.07 to 1.11 gjvial. 2 ml of perfluorodecalin (Aldrich # p-980-0) was then added to each
vial and the vials were stoppered with the dry ambient air and moved to a 37° C incubator.

15 Luciferase assay reagent and PBS containing 1 mg/ml BSA was equilibrated at room temperature (RT) for at
Jeast 30 min. 9.42 mi of PBS containing 1 mg/m! BSA was added to a milled sample (1 pg/mi) and mixed. 1 pgim! of
this solution was used to make serial dilutions by a factor of 10 to obtain a final concentration of 1x10°% pgiml. A
reaction mixture was prepared by mixing 100 p of RT luciferase assay reagent with 20 pl of diluted luciferase. The
reaction mixture was placed in the luminometer and the light produced was measured every 10 seconds for 1 min. The

20 relative light unit per second (RLUJs) versus relative enzyme concentration {ug/ml) was plotted.
Each time a milled luciferase sample in perfluorodecalin was assayed, a standard luciferase sample was
( assayed as a control. A standard luciferase assay was performed by first dissolving 1 vial of luciferase assay
substrate with 10 ml of luciferase assay buffer and equilibrated-at RT for at least 30 min. Then, serial 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 gl of RT luciferase assay reagent with
20 pl of diluted luciferase. The reaction mixture was placed in the luminometer and the light produced was measured
every 10 seconds for 1 min. The relative light unit per second (RLU/s) versus relative enzyms concentration (pg/ml)
was then plotted. The activity of the milled luciferase in perfluorodecalin was then compared to standard luciferase

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 celi concentrate with a population of 783V 0.75x
10°. The cell concentrate was diluted in preservation solution consisting of 800 ml of 40% sucrose, 10% methyl a-d-

glucopyranoside dissolved in 50% buffer {wjw). The resultant mixture was filled into a polyethylene Petri dish bag at
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3cated msnd%gﬂﬁg)‘( 1§)|ncl§ cylindrical glass chamber supported by an aluminum frame. This glass chamber served

as the bulk drying chamber for preservation by foam formation. The test solution was filled into the polyethylene bag
with the aid of a length of silicone tubing. The glass chamber was also fitted with an external glass water jacket
along th's entire tube length. The jacket was coupled to a recirculating, temperature controlled water bath. The water
jacket served as the heating source for the process. The glass chamber was connected at the discharge end to the
condenser of a lyophilizer. At the conclusion of the preservation by foam formation process, the system vacuum Was
broken with dry nitrogen. The bag was removed and examined. Dry, mechanically stable, brittle foam had clearly been

produced. The material was gently crushed into particles with the consistency of sand, using light hand pressure. The

_bag was cut open and the contents transferred to a clean container. The container was sampled in triplicate. The

container was then purged with dry nitrogen and sealed. The samples were cultured and cell populations compared to.

control cultures of 1 mi of dried Lactobacillus acidophilus foam:-dried in 10 ml vials by the same process. Results that

demonstrate survival of the test bacterial strain are summarized in TABLE 10.

ni 109
1 'P‘?‘d'ﬂ'b }'@ ()-8

TABLE 10
Sample Plate Count | Plate Coﬁm Mass Volume Activity Average per | %Viable vs.
Origin Mean Std. Dev. Assayed Diluent Celllg Sample Vial Control
(o) {mi)
Bag A 1.21E+09 | 0.91E+07 | 0.2415 24 1.21E+09 | 1.12E+09 | 92.50
Bag A 1.09E+09 | 1.05E+08 | 0.3366 3.4 1.09E+09 83.10
Bag A 1.07E+09 | 1.07E+08 | 0.1848 1.8 1.07E+09 81.32

Modification of the above-described modes of carrying out various embodiments of this invention will be
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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2. The preservation mixture of Claim 1, wherein the preservation mixture has a total
solute mass, and wherein the methylated monosaccharide comprises between 5% and
80% wit% of the total solute mass.

3. The preservation mixture of Claim 1, wherein the methylated monosaccharide
( - comprises between 20% and 60% wt% of the total solute mass. :
4, The preservation mixture of Claim 1, wherein the preservation 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% wt% 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.

v 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
least 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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( ; 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.

23.  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.
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monosaccharide selected from the group consisting of methyl (o or B)-glucose and at
least 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 resulting mixture by boiling under vacuum without freezing to form a

( v stable foam.

28.  The method of Claim 27, further comprising a step of secondary drying said
stable foam at a temperature in a range of 0° to 100° C.
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