VI RUS LI KE PARTI CLE PURI FI CATI ON CROSS REFERENCE TO RELATED

APPLI CATI ONS This application clains the benefit of
priority of U S. Provisional Application No. 560/906, 821, filed March
- 14, 2007. FIELD OF THE I NVENTI ON This application relates to mnethods
for extracting and purifying virus like particles (VLPs) from

bi ol ogi cal sources. More particularly, it relates to nethods for
produci ng 10comrerci al grade VLPs at | arge scale. The nethods enpl oy
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STATEMENT OF GOVERNMENT SUPPORT ‘
This invention was prodﬁced with government support from the US Army Medical
15 Research and Material Command, under contract numbers DAMD17-01-C-0400 and
W81XWH-05*C-0135; The govcrnmént ‘may have certain rights to the invention.

BACKGROUND OF THE INVENTION
The human Caliciviruses Norovirus and Sapovirus are leading causes of acute, non-
20 bacterial gastroenteritis. In contrast to Norovirus, Sapovirus is known to give infections
mainly in infants and young children, however Sapovirus is increasingly found in the adult
populations as well (Johansson et al., 2005, A nosocomial sapovirus-associated outbreak of
gastroenteritis in adults. Scand J Infect Dis-. 37(3):200-4}. Noroviruses are non-cultivatable
human Caliciviruses that héve emerged as the single most important cause of épidemic
25  outbreaks of nonbacterial gastroenteritis (Hardy, 1999, Clin Lab Med. 19(3):675-90). The
clinical significance of Noroviruses was under-appreciated prior to the development of
sensitive molecular diagnostic assays. The cloning of the prototype genogroup I Norwa]k
virus (NV) genome and the production of virus-like particles (VLPs) from a recombinant
Baculovirus expression system led to the deVelopment of assays that revealed widespread
30  Norovirus infections (Jiang ef al. Norwalk Virus Genome Clohing and Characterization.

Science 1990; 250: 1580-1583; Jiang et al. 1992, J. Virol. 66(11):6527-32).
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.Smal | -scal e nethods for purifying Norovirus VLPs have been descri bed
inthe literature. For exanple, Norwal k virus VLP purification by

ul tracentrifugati on has been described (Jiang et al. 1990; 1992) and
is conmmonly enpl oyed by the Norovirus investigators in the field.
However, while VLPs purified by ultracentrifugation have been 5Sused
in human clinical trials, the nmethod is not suitable for producing
commercial scale quantities of Calicivirus VLPs. Consequently, there
renmai ns a need to provide gs%gala | e_and efficient purification
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chromat ographi c ‘materials and nobil e phase conditions may be of

di fferent physical or chenical properties, naking the chronatographic
process or BHbBGARY .OH FHE ONEENHNOEi nent s, the chromat ogr aphic
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D epar at | oREITIRF NG R GA K SR R Sprot e, The
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chr omat ogr aphi ¢ .process enpl gyi ng two or. _nore chromatographi c steps.
The sequen®¥ B! Wg”ﬁﬁwpﬁgpeg¥%HF@WEP%@W&%W@@HﬂF@3@2@”%Ph§ﬁémﬁwg§ént

invention fmybbdef dif&tdPBidaloiVhOdESrfelies RA&idg8e M:&88bgraphic process
specificatigns. For exanple, the purification nmethod of the present
invention‘Wﬁygﬂgiused to purify VLPs to greater than about 70% 80%

90% 95% or 30@k&at ehbddiashts) BR0cRMtdatographic materials and mobile phase conditions

20  are selected to retain VLPs. In other embodiments, the chromatographic materials and
mobile phase conditions are selected to pass throﬁgh VLPs. Instill other embodiments, the
chromatographic materials and mobile phase conditions are selected to retain contaminants in
VLP preparations. In yet other embodiments, the chromatographic materials and mobile
phase conditions are selected to pass through contaminants in VLP preparations.

25 In some éinbodiments‘, among others, the chromatographic process of the invention is
a multistep chromatographic process employing two.or more chromatographic steps. Th,ek
sequence of the multistep chromatographic process of the present invention may be designed
to produce VLPs meeting preset specifications. For example, the purification method of the
present invention may be used to purify VLPs to greater than about 70%, 80%, 90%, 95%, or

30  greater than 99% purity.~ ‘ -



I n one enbodi nent, the sequence of the nultistep chromatographic
process is designed to control the resulting conposition of VLPs. In
anot her enbodi nent, the sequence of the nmultistep chromatographic
process is designed to reduce contam nant |evels to | evels considered
accept abl e by regul atory agenci es for pharmaceutical grade drug
substance. For 5instance, the contam nant |evel of the host cell DNA
content may be reduced to less than 1% The contam nant | evel of the
host cell protein content be reduced to | ess than 5% The
sequence of the™fif ?mé%d@ben&ﬁ GITATTET Ao BUHFER SEAMHELTARINS AL B0 make
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conpri ses adasti @Ik, 6xahang@incef) The ion exchanger is a cation
exchan?er wherei n the cation exchanger conprises sul fate, phosphate

and cafboxyl at d1Q8F FRbadine thapressal BYRHYHEVides Bramgtegraphs matsRher

enbodi ment gomprising chromatographic resin in solution, chromatographic resin in a column or
chrbmatographic functionality incorporated into a membrane or onto a surface. The
| chromatographic material may be designed for the purification of proteins or nucleic acids.
The chromatographic material may further pémprise ion-exchange, affinity, hydrophobic
25  interaction, mixed mode, reversed phase, size exclusion, and adsorption materials. The
adsorption material may be a resin or membrane.
In one embodiment, the chromatographic material comprises a calcium phosphate
based material. The calcium phosphate based material may be hydroxyapatite.
In another embodiment, the chromatographic material comprises an ion exchanger.
30 Th¢ ion exchanger is a cation exchanger wherein the cétion exchanger comﬁrises sulfate,

phosphate and carboxylate derivitized chromato graphic materials. In another embodiment,



t he i on exchanger is an anion exchanger, wherein the ion exchanger
conprises positively charged chromatographic material. The positively
charged chromatographic material may be quaternary amne (Q or

di et hyl am noet hane (DEAE). In yet another enbodi nent, the

~chromat ographic material conprises a hydrophobic 5interaction

mat eri al. The hydrophobic interaction material nay conprise one or
nore functional groups selected fromthe group consisting of nethyl,
ethyl, t-butyl and phenyl. In gne enbodinent, the hydrophobic_ .
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different gsj.zes. The present invention also provides a nethod
of purifying VLPs wherein the VLPcontaining solution is adjusted to
cause t he r et erdhstoharothevirPgydinagnt, thedndmatogrgthicrgatend esmaisss prsshayghase

t hrough, th hrorpt ographi,.c _nmaterial . 1n odigrents. .the pH of
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the VLP- t.ai.ni ng. | Ut i diusted t .basi I
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car boxyl at Ehe Guldatmeay eeiadirem bhictof adlemixtin.i s or bis tris. The buffer
concentrati on be .in.the range of about 10.to 1000 nM 25I.n one. .
e oot T R Y bt sfer e Ot SR A PO SiEria
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fromthe Hof mej ster series such_as amoni um sul fate. The anmoni um

sul fate coffEBRBFsROTSRt e yameo ity s12¢han about 100 milli nolar, or

about 1, 2, or Thehrdd®t &vention also provides b he@d@ bl AP YUPEIRAdreintitevILIRNI C
strength is adjusted by the addition of a phgsphate 30 salt. In sone

enbodi nment €MEHRE oHBR Adsted f¢ capss BoiegHhAfodgitatkh copfrsniaxias qrferials

p hos phat e passing through the chromatographic material. In some embodiments, the pH of the VLP-
| 20  containing solution nﬁay be adjusted with a buffer to more acidic values (e.g. pH' less than 7).
In other embodiments, the pH of the VLP-containing solution can be adjusted to more basic
values (e.g. pH greater than 7). The buffer may comprise phosphate, carboxylate, sulfate,
acetate, citrate, tris or bis tris. The buffer concentration may be in the range of about 10 to
1000 mM. - '
25 In one embodiment, the ionic strength of the VLP containing solution is adjusted.
The ionic strength may be adjusted by anions and cations from the Hofmeister series such as
ammonium sulfate. The ammonium sulfate concentration may be greater than about 100
milli molar, or about 1, 2, or 2.4 molar.
In another embodiment, the ionic strength is adjusted by the addition of a phosphate
30  salt. In some embodiments, the phosphate salt is sodium phosphate. The sodium phosphate 4



concentration nmay be in the range of about 10 to 500 MM In one
enbodi nment, the sodi um phosphate concentration is about 100 nM

I n one enbodi nent of the invention, the pH of the chronmatographic
material is adjusted prior to VLP application by equilibration with a
buffer to cause the retention of 5VLPs. The pH may be adjusted to
acidic values (e.g. less than 7), basic values (e.g. greater than 7),
or neutral values (e.g. equal to 7). The equilibration buffer may
conpri se phosphate, carboxylate, sulfate, acetate, citrate, tris or
bis tris. concentrafion masoheriaftheapigsaf mont 10 101560 Mdhi b one p@h@hrmalﬁfth@ $pelium
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concentration Is
20  materials with the VLPs passing through the chromatographic resin. In so doing, the pH of

the VLP containing solution may be adjusted with a buffer, e.g., the pH adjusted to less than
7 or greater than or equal to 7. The buffer may comprise phosphate, carboxylate, sulfate,

~ acetate, citrate, tris or bis tris. In one embodiment, the buffer concentration is in the range of
about 10 to 1000 mM. |

25 In one embodiment, the ionic strength of the VLP containing solution is adjusted to

cause retention of contaminating materials with the VLPs passing through the
chromatographic material. This may be achieved by the addition of salt wherein the salt may
comprise cations and anions from the Hofmeister series such as sodium phosphate. The
sodium phosphate concentration may be in the range of about 10 to 500 mM. In one

30  embodiment, the sodium phosphate concentration is about 100 mM.



I n anot her enbodi nent, the pH of the chronmatographic material is
adjusted prior to VLP application by equilibration with a buffer to
cause retention of contam nating materials with the VLPs passing

t hrough the chromat ographic resin. The pH may be adjusted to | ess
than 7 or greater than or equal to 7 with a buffer that may conprise
phosphat e, carboxyl ate, 5or sulfate. I n anot her enbodi nent, the
ionic strength of the chromatographic material is adjusted prior to
VLP application by equilibration with a buffer to cause retention of.
cont am nat i ng rAmensticatmsbadiméntithep/bPie paawptngraplie maghaltihaljusted prior to
chr omat ogr L.CoLesi Loni c..st I [ ust . itdon
of salt. The %Ig)lhf a{%lc%:)lérB F s@)sratgoglt“l(;iglnasgugﬁg{ogﬁé% ﬁ%g#tllréiﬁ) gf?%ﬁ*qﬁéﬁ?ﬁ%?%%@%fslo
seri es suchitiathe ¥ods passiphtspizhtle. chtomatogeapkivhyendhi. MEntpH minebesddistedto less
phosphat e gconcentrati,on is eater th bout 10 nM I t
Aot her  ertiod MeRT I BERAT RERLRA "B Tal BF e el Sy he
anount Sof @rgémi.c sol vent present in the nobile phase. The organic
sol vent concentrati.on of the VLP coniaini sol ution al so.be.
2dj Usted to- calbaHBt SHRIRRSIOTISHE A I ity RETRTEAmEIe PHE ] BORSAe
sol vent  cagiobe VAP &lpticdtioh bg v@hlitastidiBtithadinlffer ©tchaa @dter@ion Pf aP&RGhatidp

ot her water m sci bl ani c. sql vents such as acetonitri.le. . The
present i rmaé?m?%‘ﬁﬁf ﬁ? VLE; PEFI8Y e o R B G Y 15115 IR PErEG

Cal i ci Vi r ugljuiétetl b§ tHelal@tipabthE] B saVeBE)risssCdfio@SantiQhioNd 1S thRMbfmeister

Sapovi rus VLPs. The Norovirus conprises_Genogroup |, Genogroup |1, .
Genogr'Qup SFIiFS sughat seing pheBate \Angse 60Pe e, the sqyliugy phasphatrconesipptionds
five Genogh@idShanlabdlk10 a@ng which only Genogroups I, Il, IV, and V

are known to infect humans éFar kas et al. 2004, Genetic diversity
anong sapovi r ude¥et apgteds epppdimentplpding g eliggg o9 ¥J.Ps is controlled byrfhg amount

present i nyr@Rtahi@Roll et hEEnt B AY 6% halD AMIBREHE sG@nt BERAREEPBREULPY
the multistep chromatographic process. The pharnmaceutical agent nmay

be a vacciwetasingrolgonmag Ner byadiustedyaetbaistenttneof spreiaminatingydenialo The
furt heys providesnan anel ¥ a@&mbsru@@&erﬁém&%g BRLAA oggfr%e{ﬁsl wﬁe& FhEP

chr.omat ogr aphi ¢ process described herein. The an I cal reagent may
be puri fi edis¢ible grageisiselaehtpuch fd asatonitnie] evel , which can be used in a

di agnosti ¢ assay, Ql Kl fiventi ; » i .S
the i nvent i on wi Tebek Byeion b poy AATREPRAT AGfRR: STROBLITANERS | o
i nvent i on ypruesikapadelEsd[VORs) such as Norovirus and Sapovirus VLPs. The Norovirus ‘

comprises Genogroup I, Genogroup II, Genogroup I, and Genogroup IV Noroviruses.

20 Sapovirus comprises five Genogroups (I-V), among which only Genogroups I, IL, IV, and V
are known to infect humans (Farkas et al. 2004, Genetic diversity among sapoviruses. Arch
Virol. 2004;149:1309-23).

The pfesent invention further provides a pharmaceutical agent prepared by the
multistep chromatb graphic process. The pharmaceutical agent may be a vaccine such as a

25  Norovirus vaccine.

The present invention further provides an analytical reagent prepared by the multistep
chromatographic process described herein. The analytical reagent may be purifiedtoa
desired purification level, which can be used in a diagnostic assay or kit. r

These and other embodiments of the invention will become apparent upon a full

30  consideration of the invention presented below.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is an exanple gel
showi ng changes in VLP purity as a function of chromatographic step.
Figure 2 is a SDS- PAGE gel / Coonassie Stain of Hydroxyapatite

Chr omat ogr aphy 5Col unm Fracti ons. Figure 3 is a SDS-PACE

gel / Coomassi e Stain of H C Chromat ography Col umm Fracti ons.

Figure 4 is a SDS-PAGE gel / Coonmassi e Stain of DEAE Chronmat ography
Col um Fractions. 10Figure 5 is a SDS- PAGE gel / Coomassi e Stain of
Diafiltraion Fractions. gure 6 is an inage of transmn ssion

El ectron W&%@Wﬂ@%ﬂﬁéﬂf@ DWNQ_SPS purified
chromat ographl é‘dré’jfs Eérﬁ;%l? el@ﬁc&g ﬁ?%ﬁ%&sqf?ﬁfﬁbﬁ ét?raEQﬁ?ﬁ%tinr ange in

si ze. Figure 7 is an ge m ssi o ectron M crograph
of Norwal kchromatsgraititsstgur i fi ed by ultracentrifugation. These

28 et racer cURBsAR PG Aoy SR AR s BRI
line) a% aC@lummFramnonsf pH. Figure 9 | s a graph shovm ng CD
oL gnet of col UBYS LIS AE JaLiesststh 95 RA AR BHICD of
of col um- Practichng. ed VLPs nonitored at 222 20 nmas a function of
100 (dash 11 noyiie soeR bRl i e St SR P aeregh Wl ©
purified byrattdngacentrif ugat i on. Fi gur e 12 is a graph ShOWI ng
CD spegira o, 205 1 accs LARELLAD, o LeTRELALUIS, andepi ol VeS|
signal at 22 2 Mg 6 & dhunedd IkafnifsRITIREHOH MicrdfepiPét N&valllviREs VLPs
puri fied byuryflegl rc}?r%glg’}orgrla;}ﬂgﬁfyl I(D)aanles are approximately 34 to 38 nM range in size.
- Figure 7 is an image of transmission Electron Micrograph of Norwalk virus VLPs
purified by ultracentrifugation. These particles are also 34 to 38 nM in size.
15 Figure § is a graph showing CD spectra of column-purified VLPs at 10 °C (dash line)
and 90°C (solid line) as a function of pH. ‘
Figure 9 is a graph showing CD signal of column-purified VI.Ps monitored at 205 nm
as a function of temperature and pH. , |
Figure 10 is a graph showing CD signal of column-purified VLPs monitored at 222
20  nm as a function of temperature and pH. '
Figure 11 is a graph showing CD spectra at 10 °C (dash line) and 90°C (solid line) as
a function of pH, of VLPs i)uriﬁed by ultracentrifugation. |
Figure 12 is a graph showing CD spectra at 205 nm as a function of temperature and
pH of VLPs purified by ultracentrifugation. -
25 Figure 13 is a graph showing CD signal at 222 nm as a function of temperature and
pH, of VLPs purified by ultracentrifugation.
Figure 14 is a chromatogram from the Cation Exchange purification step used for
Houston virus VLPs. ‘

Figure 15 is a SDS-PAGE gel/Coomassie Stain of Cation Exchange fractions of
30  Houston virus VLPs.



Figure 14 is a chromatogramfromthe Cation Exchange purification

step used for Houston virus VLPs. Figure 15 is a SDS- PAGE
gel / Coomassi e Stain of Cation Exchange fractions of 30 Houston virus
VLPs. Figure 16 is a chromatogram from Methyl HIC

Chr omat ogr aphy purification step used for Houston virus VLPs.

Figure 17 is a SDS- PAGE gel / Coomassie Stain of Methyl H C fractions
of Houston virus VLPs. 5Figure 18 is a SDS- PAGE geUCoomassie Stain of .
purified Houston virus protein. Figure 19 is an HPLC- SEC chromat ogram
of purified HouSguwnléisrgbroprgrimirom Methyl HIGUFheorp@ogr@ihlyperifictian stewl
SDS- PAGE i ation of a Houston VLP prepar ation with a
20% ant no%l?sﬁ%%gﬁ%&g%&g{sg&%l tation "Amm suspension” is the initial
anmoni um sul f ategwaEpeRSDSRAGRRRHCSopihisid Saih héMsthyE afranbnsdfiHvlston
results when t\}ﬁ) 10ammoni um sul fate suspension is centrifuged.
"Citrate supl%" § the dissol ved precipitated material. O interest is
t he "anim supt"” Hlmelsmhlacsﬂbsmmm gg]ﬂoSmTahs& $miauﬂpurﬁfedmimstmﬂms@rdtaﬁ ed

nt am nant nma n fthe ca onent s
O R el e et P o gL

preci pi tated armgiert. %mlaﬁ/s@ﬂnmwdm gblahewinB gusfi@iod o adusibh VLP
i nprovenent in pu“t‘h the 20% %monl um sul fate preparatio

decrease i PeRfERoR fHithiz 36‘8?‘?““5?6‘% Bfcprecapiiphipn: (AapRswPepsion” is tﬂe Infta, ur e

22. Sil vera@h@mﬁtﬁdul%%%@emﬂmhga e a@emﬁﬂaﬁa&m&neM@%mh@f
Houston VLPs with pr ecipitation faollowed ani on _exchange

chr omat bgr ARSI HWPBY R SEpYF fuged. | “&nféa@sqpti’ ip g dissavegipecgpitated
preci pi t at nfxgridi e iMeRsis 2 “Qjﬁin%d#tu $BBALCh GRS 88 afbBEnt 2BndWbrbdipitated
Lane 8 illustrates the ability of colum chromatography to

concent r at @ntagunayt paterial. Figure 23. Coonmassi e stained SDS-PAGE gel
show ng the purdifjcafi '@x@p}péo‘ﬁﬁﬁ&?g @t c&ﬂﬁﬁn@% oMhERit Hﬁus%ne@LIpbrreﬁérét%
foll owed by ani on exchange chronatography. A conparison of |anes

t hrough 8 ftodhd agpreonium pylfaipsrecpitatedaheradiserlecdgeatirial. plotd thysigificantir ens
VLP sampl e ol folpec)

SE- HPLgpangrl1 3@%%%%q98§ﬁﬁtkbrt§€?(?ﬁs gs at Efgtg %éu%ﬁ%}\f{h?%%age% Rercen,&.
SE- FI PLC alrrat seflipsoteif taV LRIGEGR/VEBS6VLPs at pH 2. The absorbance peak

at about 17 m rhgure 22. Silver stained SDS-PAGE gel depicting purification process of Houston

VLPs with precipitation followed by anion exchange chromatography. - As shown by
comparing lane 2 to lanes 5 and 6, precipitating the VLP with pH adjustment increases the -
20 purity. Lane 8 illustrates the ability of column chromatogréphy to concentrétc the VLPs.
Figure 23. Coomassie stained SDS—PAGE gel showing the purification process of
Laurens VLPs with precipitation followed by anion exchange chromatography. A
comparison of lanes 5 through 8 to lane 11 illustrates the increase in purity of Laurens VLP
samples obtained with capture chromatography. V
25 Figure 24. SE-HPLC analysis of GI Norovirus VLPs at various pH values. Panel A.
SE-HPLC analysis of GI Norovirus VLPs at pH 2. The absorbance peak at about 17 min
corresponds to elution of intact, monodi'sperse VLPs. Panel B. SE-HPLC analysis of
Norovirus GI VLPs at pH 8. The absorbance peak at about 16 min corresponds to elution of
intact, monodisperse VLPs. Panel C. SE-HPLC analysis of Norovirus GI VLPs at pH 8.5.

30  The absorbance peak at about 33 min corresponds to elution of the stable intermediate



corresponds to elution of intact, nonodi sperse VLPs. Panel B. SE-HPLC
‘analysis of Norovirus G VLPs at pH 8. The absorbance peak at about
16 mn corresponds to elution of intact, nonodi sperse VLPs. Panel C.
. SE-HPLC anal ysis of Norovirus G VLPs at pH 8.5. 30 The absorbance
peak at about 33 min corresponds to elution of the stable
intermedi ate fragnent of the VLP. Chromatograns show absorbance
profiles at 230 nm (upper) and 280 nm (|l ower). . Figure 25.
SE-HPLC anal ysis of G| Norovirus VLP at various pH |levels. Panel A
SE- HPLC anfadeyshisofdlie AP (Xormoarégranss sibPsbsarbapet ofilFhe 230 sor(bpmgeng @3k
at about é%?ﬂ?ﬂ ?corresponds to elution of intact, nonodisperse VLPs.
Panel B. P 8'analysis of G| Norovirus VLPs at pH 9.5. The

absor bance pealigte 26 SBHPLLT malysis of 6Eponaisrus FLelativirons il ldvels dahsl A.

nonodi sper s. .Pan SE: HRL.C, anal,ysi f OI'T Nor.ovifu LPs at
e oS Rt S Ve A e e Rhsabaer s 8 <R 1 B of
t he st abl ecormépendsadichatien 6fiageremonddispérbieeV ML ParehBOSIRHET CandyShefG 1T
. absor banc rofil at upper) and 280 nm (| ower). TAI LED
BESoR BT S e A p S e PO Rick paia: Abe b Pt Srndsia Sk
ap]E)I i cati Oiﬂ&ct@iﬁlb@&ﬂisfpbﬁs@vgpﬁlﬂ’hndl ] ?EM%%al?i@p%@ﬂfﬂo&ﬁfﬁr&@ woPdyt pH 10.
reference to e sane extent as | eac | NAdl. VvVl du pu l.catl on or :
pat ent / pat Bmaﬁv%fmn%aqak G?F%Pgt g icprresaendy toa%ﬂan?%ﬁ?iS&ngnieﬂmec at ed

to be i ncofpeteat SahdYLP. eftesRAcRarhdshbbloritd 5r6tilks at 230 nm (upper) and 280
Modi fications and variations of this invention will be apparent to

those ki |MedoV#)the art. The specific enbodi nents described herein
are offered by way of exanple only, and the 20invention is not to be
construed as |limted there@ﬁ resent invention relates to

by. - _The
met hods f OPETHEERUPESCRBITION QB TR CENT virus-like particles
(VLPs) including Norovirus VLPs and Sapovirus VLPs. By "Norovirus,"

"Norovi ruspfNGR),, " "norovirus,"” and gramatical equivalents herein,
are nmegnt ”E”b%ﬁ;g&ficattigﬁs &ﬁ%%mj\l%féﬁ’c‘é{iédé?cit thtAEn SR id Phtelrdet GlodipbiatiaC -
I n some enbodi nents, a Norovirus can 25include a group of related,
posi ti ve- seivsEraseaigltes ssme anideics Fikach indndnyeubliratondrpatcaipatdnhappbieatione
i nfecti ous E&cﬂl}é@%"anﬁﬁnd?&@daﬂy TR IBITR ARG REE bR ferddle HOME: entirety.
enbodi ments,” a Norov rus can’cause acute gastroenteritis in humans.
Nor ovi ruses al Sdodifaatiye andfvaratieds dfthinmventoh Will bumpashtrtadtose gdlediin hses
(SRSVs) ha’é’r{ nﬁle:%pe%%{cl eﬂleo(gdﬁn"égs AE&riBLd HELTLE oBErel %399«?1901‘3 eq(gl%ple only, and the
20  invention is not to be construed as limited thereby.
The present invention relates to methods for the purification of Calicivirus virus-like
particles (VLPs) including Norovirus VLPs and Sapovirus VLPs. By “Norovirus,”
“Norovirus (NOR),” “norovirus,” and grammatical equivalents herein, are meant members of
the genus Norovirus of the family Caliciviridae. In some embodiments, a Norovirus can
25  include a group of related, positive-sense single-stranded RNA, nonenveloped viruses that
can be infectious to human or non-human mammalian species. In some embodiments, a
Norovirus can cause acute gastroenteritis in humans. Noroviruses also can be referred to as
small round structured viruses (SRSVs) having a defined surface structure or ragged edge
when viewed -by electron microscopy. Included within the Noroviruses are at least four
30  genogroups (GI-IV) defined by nucleic acid and amino acid sequences, which comprise 15

genetic clusters. The major genogroups are GI and GII. GIII and GIV are proposed but

generally accepted. Representative of GIII is the bovine, Jena strain. GIV contains one virus,

10



when viewed by el ectron m croscopy. Included within the Noroviruses
~are at |east four 30 genogroups (G -1V) defined by nucleic acid and
am no aci d sequences, which conprise 15 genetic clusters. The ngjor
genogroups are A and GIl. dIIl and GV.are proposed but generally
accepted. Representative of GII is the bovine, Jena strain. OV
contains one virus, Alphatron, at this tinme. For a further
description of Norovi ruses see Vi nje et al. J. din. Mcro. ‘
41:1423- 1433 (2003). "Norovirus" also herein is neant reconbi nant
Nor ovi rus Wrhgsen, Fﬂktblsmmet Fazladiartier AR inVioPs¥ Notomirgsesreee dfitio di atein Chn.

r econbi nan p a »

cncoded by "URED | o sal AR08, BT aRbickiR B Bk E D Kb th R
5cel | s, caﬁllmseléwlp@rﬁphs EPOR Ehspub ssmk Embstmatyh yec(ombtnlaet e&pqassmh ofedt®t n

into VLPs. the%o?%s?a@ g)mr{elntsogédebcé&%@ ant exgr §SS| af Ow%lsﬁect?oarfsn%8%)1

t he Norovirus pr ot el
-a bacul dvi ralls, oae cdsolt inj spoﬁ&@ouseslelf@ssembty orfd&wlapsm pro&pnntoanmwm some

sel f - assenb Si rotein LPs are strugct |y
similar to° rdgl\r}?nrtsugeé’gmgm?rg gpcrﬁss‘[oﬂgqu?aé i ro&mﬁ%tcﬁﬁgl?ﬁ%rﬁg%
are not i nielbORFLS. cel/Psg e.or, Gtbinglbtculviak Ottdris SR eankeast i kfon@Acout bt
~can be infecti fecti icles, ncl ude

def ective &N tg g@f FRpe ﬁlpﬁc?[%‘flf‘g? Q/Jr[jrg p\ZH’si 9§ gaictural ysm‘}‘%ﬁ’ Iﬂ?rﬁ’(‘qu?fg}’ut
exanpl es ofacilNoe Qithll‘ll}we §eﬂoﬁﬁ|aﬂﬁiﬂleﬂw’r¥\@% lotihfebtSouk NWccotBREAMKN N 7ES1,
NPos68?(é) S tha Vi r us 'gSHY GenBank LO7418), Desert Shield

SV,

Vi rus %aé‘é)eﬁ Ty HSgy-in %HOB%P%WI?IWSWPWCI%%W%
AB042808) , aﬂdawwcﬁve\/mfeﬁgnﬁé—ﬁémoieﬁ GenBank U0761 1), Snow Mountain virus
(SMV, GenBank U70059), Toronto virus (TV, Leite et al., Arch. Virol.
141: 865- 875) , éﬁ?nslﬂf&liﬂn%?%a&réﬂ@@ewomst rhedeNerpalk vigs 590FenBeak y| and

virus (MW, MBYBA2805)::) %@ﬁ&aﬁ@twﬁr&@yﬁwc@m;%wﬁﬁ@%%% Sh%wb@dsv@b’v
(CV, AF145896 Lordsdal e virus nBank X865 by virus

(GV, AJOOYBHEED). Fvesgivins @1&‘@&%%«@ e BarifaRank ABSY 80@bﬂewau virus (HV,

B

AY652979) , Lepgzgal., (f’mloé’st@bcw SQPASBY. Hrﬂmsmﬁ)\o Jawedvie €PVa AT B9PY, aqi
Freed Oy de
Sapporo. vi oy “@XS%?? i e B S B PR AR Y R
Houst on/ 90AF 149 %@@oréﬂayesmw €N @e@%mic@%ﬁﬁﬁ) Grilnshydams 89874 8J00496H45]

Hu/ SLY/ L
E oy Sy eI uﬁééé fo bz 067 é’{ E%ﬁ%ﬁf))ﬁ@@?ﬁ?ﬂ 5807), VAILLS
( Hu/ SLY0 PagAy 0B8SRS),UyDS sww@sww@n[ms@m A0 GI3Y/NBYHIAB Y7 5Y),
and ar o cobirit Bleaflrie AFe Pooe Y hSk AP A B veRe 38 M bstisFon
(1 CTVdB - Tthe Ftﬂaﬂmf@ﬁl AV6755§4D6{0alkiamang sarples nf Slapowruses include Sapporo
http://ww.n

" correspondi i m%?%mn% @@%éﬁﬁ%@%{“ﬁ%‘wg? 3%{ ?%@%?3@%%?23 b)I/‘

reference GHn/SIh.ébeu et 99061@ Lémdos D984 5. [U95645] (Hu/SLV/Lon 29845/1992/UK),

25  Manchester virus [X86560] (Hu/SLV/Man/1993/UK), Parkville virus [U73124]
(HwSLV/Park/ 1994/US), Sapporo virus [U65427] (Hu/SLV/SV/1982/JP). Additional viral -
strains of Caliciviruses continue to be identified and are contemplated for use in the methods
of the present invention (ICTVdB - The Universal Virus Database, version 4.
http://www.ncbinlm.nih.gov/ICTVAb/ICTVdAB/). The nucleic acid and corresponding amino

30 acid sequences of each are all incorporated by reference in their entirety. In some

embodiments, a cryptogram can be used for identification purposes and is organized: host
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enbodi ments, a cryptogram can be used for identification purposes and
is organi zed: host species fromwhich the virus was isol ated/ genus
abbrevi ati on/ speci es abbrevi ati on/ strain nane/ year of

occurrence/ country of origin. (Green et al., Human Caliciviruses, in
Fields Virology Vol. 1841-874 (Kni pe and How ey, editors-in-chief,
4th ed., Lippincott Wlliams & WIkins 2001)). Representative
exanpl es of purifying Norwal k virus VLPs and Houston 5virus VLPs are

di scussed herei n. _ By "VLP preparation” is intended any sol ution
cont ai ni nQSW‘EFBSfTOIaWdiletthvemrumeexsblaﬂeé/gcwaabtaméati@o@gm‘es B’d)rb\éatpu/fstriﬁih ed.
The VLP pr of h di ng
Ihe P PrERRA A0 GALRBIAMR Db A b as ol cBLlorg, f el

per f usi on, VmologseVbl t&ftlt-&TMKmr&mhodlﬁpwtw, adnonznmohmﬁmhmdapmpmpastt Whiltiams

ani mal hos In t O, t ance cted |1 s an be
har vest ed, &s}g%%?sa eél)f)'f i eﬁeﬂta o %‘\AFRIC f&ughx%%gomﬁ W?’V%F%?@l puston
ei t her iel*earséﬂPsrateai@hmﬁr&dma Vi a a buddi ng process or |iberated by

lysis of the c dse ar.at i. om cel.l ul ar .deb helat
instance, a ti gisyue e h‘ér“g %@nytsﬁ WF%"‘“&‘%%@ Pg%bgdﬂaé‘ﬁ&
the VLP prmhﬁrm@ugﬂts@bé pulbiEieat ek VP biypirstiodfca Bd predicb@by sﬁmdr se the

ti ssue or ,.and. separated fromcellul ar/tjssue deb ; used
herein, " Fatih ,%“%BQ‘B%F freatag 8@ st S i ety o ghsLohiEBLRIon o
particl e(sdell fhdierg MREHoAS br inGivoRR ik hpidppibtelahRlaCREst. N 0 WeaM:r fnk@fbcdvirally
capsid rot g n . caodi ng sequence of |'icivirus_ and, conprising

anti ge Sicd eeliscpsbs hapeptedspparaied g thesavtb mediss adthoVisP Protein cither

Cal i ci vi ru&ma@anmsh@snedl\éwasa &@amg%r@eéé of libdtstb &b yPlysiP b OhE LAIR aM%%{bn
t-he structural Prot eins are enco one or nore nucleic acid

sequences. Tyr Py ebrﬁclndhf‘elamdmsmnewlﬂswpn@qgm%ﬁrbozmgmvequﬁgan be e

protei n MReRRSnd M WNGHRBins Aso RhQEEL By SATBF RXEHFRAPLEANGOHSLY or
formed upon purification of reconbinant” Structural proteins, i.e.,

sel f - assen®BihandbicrirpiedEemyplipdar/tissucalgiisegat ed VLPs. VLPs may al so be
in the§orm of m@édﬁrayr*@%rﬁqe éﬁftﬂe?s') @rms@%&% Q%vﬁx?@%ﬁ@é}h?clegg) VLPs

or capsid nononers, ? gregatés or mxtures thereo
produced uSigmgns)y Qmﬁpmoa s) ﬁlﬁ@@%@rndﬁcmgmﬁw@pm pratgineodide famense pher eof

e.g., strugh Hsfv?llus ﬂﬁn%?&t%gglc Q}?aYQtelP@t? s) ’EBﬂlaH gﬂoslé%f&;'i’e%n@\ﬂd' tion,

substltutlon or d e Oor nbre amno acl
mor phol ogi @%liClVyruamtldm I\gehicembd anysirmdtiral proteinaerhéreintthecstvbtniabpreteinylares

may be pr Oglld&?eq bSl rané/ VrROre ln 1§§ 5.&1??483?1{1953 tV[%'nLa?’mc?nlx% indiy cﬁ@dl

- yeast, bacterral; I nsect presen A
i nvent2bn mppteins d@s prmmmdsormdrs loa digresss capretejpieoimpleg astspanamsbusiyeivoondi upamt

golﬂé :Dls t hgutrl\g%gotlreon%%?e%g g 191ant-£tr1]§ctur¥§1tpro gi%s Iz Qcéeﬁdasse%b?gg‘ 51# 19%0‘[8\/]?{%' gation,

. aggregated VLPs. VLPs may also be in the form of capsid monomers, protein or peptide
fragments of VLPs or capsid monomers, or aggregates or mixtures thereof. They may be
produced using structural protein fragments or mutated forms thereof, e.g., structural proteins
25  that have been modified by the addition, substitution or deletion of one or more amino acids.
VLPs are morphologically and antigenically similar to authentic virions. VLPs may be
produced in vivo, in suitable host cells, e.g., mammalian, yeast, bacterial, and insect host
cells. .
The present invention provides methods of large-scale purification of recombinant
30  VLPs that were produced. The methods include preparing a sokution, a cell lysate or culture

supernatant from the host cell line then passing the lysate or culture supernatant over various
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supernatant fromthe host cell line then passing the |ysate or

cul ture supernatant over various conbinations of chromatography
materials or nmedia. The host cell line nay be cultured in Petri

di shes, roller bottles, a bioreactor, or using another technique
suitable for large-scale cell culture. A skilled practitioner of this
art will appreciate that other virus like particles may be 5purified
using the process of the instant invention by adapting certain of its
~features as are appropriate to the VLP being purified. Suitable VLPs
are those ¢osddiatignspiichibinetdsupivngateials orphetliac Ahohwst odlriaphiay bs tepsed in
the purifigati p hr. r ' rd S )
nydr oxyapel o SehisieRERRRics 3 RPRIA BB GrolRl EEARE MG Bl scate
excl usi on chircolmt.ographic materials. 10A "bacterial cell" is herein
defined to inclu rokar.yotic,cells. that . b ro ated. jn

cul ture.  The babTaITET REVR hEYS B TR B e PR el e
r econbi hanpuriied nessihe prooéss bethe imstangoventipn bt @lapitng cEhain biied festiual aceet |

may be transfor.ned, .t fected.or .nf ed with a vector. for.

eor assi onTgPERg e VAT Beag enant sultEls At o see R n Bt os
of suitabl laulhpletcmrohatogm@hibsmmﬁIﬂéaiﬁriﬁgmion@foeesagﬂnddlmgtr@ﬁictr@at&ialm%}i :
B. nmegateriym B. subtilis 15 and B. brevis and vari ous. species o
‘Caul obact e%SffW%mW EoRRObICAtFragtione NG RaBES and sizg exdysiqe| |
herei n def imp@fatdRaghinchategald he group consisting of small, unicellular
organi sps capable o and repr.oduction through_ buddin

bl e of growth an ) ) g or
di rect ' vi si on* (}F‘P@%‘%ﬁﬁl} s Berepyleiadwe inchile gropprvetic eolla il BeY bS | anent s
(mycel i um progddtted fASluG e IThe BRYriRE el i) 260k BBt QF11 fof BR$EBEHEMAnW th a
het er ol ogous vector for expression of a nucleic acid sequence

i nserted | APEs9 eistcrieoupPiotsigs Thebackrial calh msy hafipesiamed tVé%f@‘Iteddél |

i ncl udes SagERAMMAGESCHT &htSLidPof LRNERAcHEEEFAT inld ROIRE IH:QRpRAT
expressi on of heterol ogous proteins. A "manmmal i an cel

cul ture" % sagabla hacigeglicalésinelids; bietlateaiet timéedfio dlpolbB. wegdiasiuge Bi suétllis r om
a nm | : re

Tedh o Th Al o el ey HCAI R R B bl ey
from a mamal i @n“ysedticelEoshaen dpfined toBelyds haktoyp censistipmofisaiallamicsBilpr | n

a manmmal i ?(%%C srr:l‘s nggg%‘?ﬁeugf%r%il hn%ﬂo&ﬁ%% ﬁllrgf%%rﬁ%u?dm or &rgﬁglp\lésﬁof(tﬁsg&ﬂw h

and divis igh an -1 ndeterm nate nu 0 assage

di vi si ons. or by growtips $inplsaatgutpe filaments (hpeedimm). ddE iy erstteetl andy e tragkdortrige or
group of c i i i C . Vi Vi.ng.

o oar oy SR R bR AL RPN PARTR. & a0
t ransf 2t etic beterohgestvedonisnivxanplebtr plaggell icindet orciormexpressisans of
o oy QAR DRIty LB G SR ARt O Exarmles

A “mammalian cell culture” is herein defined to include the group of cells derived

-~

from a mammalian source capable of surviving ex vivo in a cell culture medium. The
mammalian cell may be a primary cell, diredly derived from a mammalian cell source. More
25 = typically, the mammalian cell in a mammalian cell culture will be immortalized, i.e. capable
of growth and division through an indeterminate numbér of passages or divisions.
An “insect cell” is herein defined to include the group of cells derived from an insect
source capable of surviving ex vivo from an insect host. The insect cell may be transformed,
transfected or infected with a heterologous vector for expressions of a protein sequence

30  inserted into the hcterblogous vector. Examples of insect cells include High Five™ cells,
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Aedes al bopictus cells, Drosophila nelanogaster cells, Sf9 insect
cells and Matnestra brassicae cells. "Lysis" refers to the
process of opening virally infected cells by chem cal, or physical
nmeans, or as part of the viral life cycle thereby allow ng for the
col l ection of VLPs. 5By "porous chromatographic material” is neant
virtually any type of material comonly used in the separation of

nol ecul es primarily based on their size, hydrophobicity and charge.
As exenplified herein, "porous chronatographic material" includes
dextran (eAgies SegliadecclDresphit) melatogatdieellspOPatksctrealisnid Mandstiat can
be conpos d of a yariety of materials including agarose, poly-styrene
di vi nyl -b ?ﬁﬁ% Cﬁ%lym&thacrylate silica, aliphatic acrylic

é—OF)f)' ymer 5 (e. Q‘Lys%’f’beféfsﬁé gﬂEMdc@slS IOBSﬂemn\g/ivh'Bll}ﬁinYeafeHﬁél}é b@fehé‘thhbil?&%hysmal
derivitizations (e.g., rophilic, ionig¢c, hydr obic, etc

As used hePeA, °r§%@f&<€ﬁhﬁVir lrlé%%ql? @F‘ie%“notwé‘f-gegé%ﬁéd Kuonefj idbment  of
sol uti on condi tHyoRsrob¢RMERod i AelstedidOR n%ranﬁx@rmuﬁbn%w&ﬂ rhatertalﬂe
addi ti on of organic_solvent, the concentration of the prote

cont ai ni ngtOEBrWERT wad rthg Wéara%ﬁnué Ppdasplepprimaly basgd oy W@r Bige, élw@qqébobqus

the sel eCtdnH%hﬁﬁ@%s@kéxﬁHHf@H! h&tﬂnntﬂo%y El%%mﬁtygxpﬁh@&aQQm’ B ekran (e.
| nsol-ubl e or pr pitated material is then separated fromthe sol ugl e

material uSsPhlen  rigsitRror other RueHtineptEBlsTht ke C@émweﬁfotigaferieefpfématcrlals
Filtrati Onmclamgﬁé%&é@%t@fy' e HiARRIRAAP %lgrrg ﬁ]fﬁﬁglﬁtet Qi& Eﬁgnthgﬂga

li
purifying proteins that "u I ITzes an i nsolu droxyl af e calcclulr%
phosphtt e TAROK)gE AGHpDite Wiisil), Fith sy aligy hfﬁult‘fecezlmﬁlﬁlmtwna@(g i gand.

Funct i onal gﬂﬁ;i% 1889§1§/§1topﬁgblo°§ﬂcr)s of positively charged cal ciumions
r

(G si tes) and clust¥€ nedgatively charged phosphate groups
(P-sites). The Aswsetteedii, diesteiretpreantahydreiess dp i iadjestant %s@utelnns are

conpl ex ang E;g%s etgﬁﬁ%ethe L2006, B R0, (ke It SGRSH bf’é}%am O%Qﬁy ﬁt{,]the

positively ¢ no groups on proterns assocl a
negat i vel ycontratrefénh o@ﬂsmmsmamdalpmgsdumnmrﬂbwdyistn@nmfpﬁ tesitltgrgac tithey

coordi pation | exat .l n t

Cnr omel oor 0Ky BB 6a0 8% bR TTLps it RAERTAP S pB it ne
first t ypema:ténathmhm@;tmabd fremmlmdlubh: Mr@hﬁm@ @apiber oftedhniquesnach as
limted by st ural..difficulties. Ceram c hydroxyapatite (cHA)

~ chr omat ogr EBH % YU SPed to overcome sone of the difficulties
associated wit f‘ngzdms;rza@laﬂltb cigrolytdg@piyetpettis tea msthcioRsurifying prowink kiaw

oo A A A 55 S G B ASRRL s
pressures miitfr ad YghalFubsiRnilypehpx yaRRt éftptirs Mositiedly a}ha:gedBalemeﬁbﬁu (@ues
14:650- 655?tes( anc? clLsters of negatively charged phosphate groups (P-sites). The interactions between
hydroxyapatite and proteins are complex and multi-mode. In one method of interaction, '
however, positively charged amino groups on proteins associate with the negatively charged
P-sites and protein carboxyl groups interact by coordination complexation to C-sites.
- 25 Shepard, J. of Chromatography §91:93-98 (2000). Crystalline hydroxyapatite was the first
type of hydroxyapatite used in chromatography, but it _Was limited by structural difficulties.
Ceramic hydroxyapatite (cHA) chromatography was developed to overcome some of the
difficulties associated with crystalline hydroxyapatite, such as limited flow rates. Ceramic
hydroxyapatite has high durability, good protein binding capacity, and can Be used at higher
30  flow rates and pressures than crystalline hydroxyapatite. Vola et al., BibTechn-iques 14:650-

655 (1993).
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By "size exclusion chromatography” is nmeant a nethod for separating
nol ecul es usi ng porous chromatographic material. Size exclusion
chromat ography can consi st of one or nore distinct types of porous
chromat ographic nmaterial used in a single step, or one or nore

di stinct types of porous chromatographic material used in nultiple
separate steps. As used 5 herein, an exanple of "size exclusion
chromat ogr aphy” where nore than one porous chromatographic materi al
is used is AnberliteTM XAD7HP and SephadexTM G 50. An "affinity
material" is a &}OISiZdemh&i@ chretretdgedphipyois mgaitt@ ngetlsndifert sepdratingrmdl¢qglend,
which in t er r oteln
attached t kAR DR BEbHE ok, SeBLRLRIoR BlokBbBbRP b o BEGL

ret ai ned wmbli dmtmheyp@s)bipmow rchuotﬂa@graphuc nrfa;arlagasegpmaarmgﬂtss,tepamcbni(al nnm;e

t hus be separ at ed frfoma %{ p'th ¢ 5 ];? t B pgratl on.
Af ter washi F\g “oPPeITe PEPES ?m 1 rha u?) ot & ]ﬁlp fseﬁ’aﬁ%% Wﬁy be
eluted 3 rolmrdnhememémpimoﬁﬁmz@tektﬂ;{m&p;bﬂamtdg&phﬁ whes¢nsieainni cak byro’pturl fied

form Exa es of ffl ra di um
Loeh ac aodvoRuSiadi mied B R ARt il SO DR 36

chr omat ogr aphy m’e‘dufﬁm’ny nmfkirms’tls/ﬁ edid-dofatiSteri AIBGRRLTth @ sHRAES or figahl 8¥1Sch in
menbr anes an her so‘il d-state 15nmmterials boung to I| ands or

subst r at est”Wn i SBIRFHYCRO # RISt 71 TRite)t O 2T abein affsheddo an a fhaty e Vg

herein, . "t Bin@ig itfeyprotBinRF RitREHisTRANS #Phih @RWERIINr 3thei MRiyih@MParafis, and
purity the ampunts of foreign or objectionable elenments, especial i y

bi ol ogital PRatPoRTREHPEEORGER R BPTT TR S Briprenaration e pashing of
present i nma FRAMPhALRT tht PRt OtiflRst, By bd HekaREE thd HRMIELMAMLS aRhrakiRe

present invention rmay be used to purify VLPs for greater than about

70% 80% By S,E@U%%U@ﬁe@f%@t%mpﬁmf ot pmeirics indpde chroaaqsEwhpf

foreign prﬁE(ﬁhlﬁssu@f?é/s a?%o?eséébﬁﬁ)ge R iR e AR PARPE hlﬂlt(ﬁhéf‘%ﬁraﬁﬁgto%ﬂaﬁﬂ}“d' ng,
but not limted to gel el ectrophoresis and staining or western

anal ysi s, WFEgnaedyshirenebrada, rasmalc bepdre filirs seambeanss argotharaglidiéatas s ayed
by anylﬁpp&%ﬁa@ﬁ&nw hg%gds'd?%ﬁé%@&w a}lblﬁh?o%é Q@Bg%ego&}ﬁ, _stai ning,
nd oyl ng poly

DNA binding proteins a assays enp se chain
reaction. 25As Assesetl hregini“te, purifid’ & prptein tiaghy lomeduogoadiven lerst efmivaty, the

" chromat ogy LeGor @&QFH&‘ %‘E)heéﬁ aggeeie%hﬁ?mk) J;l?%fdl{ﬁlcal ﬁg%omolecules such

"chromat ographic res elr gra ts are use
i nt er changeatsing ot ANOu oty hdmessptec pfargEe o0he prD@snc rlioptnisencepthe infsthods

pur 11 cat| QnPEOSRAN S A0nTDE: BLERSLiAl PUBNL] S LALALAS ML Bk B o0,

purlflcatlono VI I us- r |00|cal
mat eri 20 s. 9ﬂ%pegrsqm@¢hdm99%i phuyity. tThee)mtre:s of fordigreprusmns ofaybhassmﬂbgm)phi c

met hods as p% JpEaa hOdrlne Yne lPu 1m1t ri%le%to n];;[hg‘rg 1rs]a ogs amm wel:]s\/e 1}
detri manta? fé) ? e reco \I}E |ty O? {% seq U%Pﬁl é
blot analysis, HPLC and/or ELISA assay. The presence of DNA may be assaycd by any

appropriate method including gel electrophoresis and staining, DNA binding proteins and/or
assays employing polymerase chain reaction.

25 As used herein, the terms “chromatographic material,” “chromatographic medium,”
“chromatographic matrix,” and “chromatographic resin” and their grammatical equivalents

are used interchangeably throughout the specification.
Description of the purification procedure

30~ The present invention relates to the purification ef virus-like particles (VLP) from

biological source materials. More specifically it relates to the use of chromatographic
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The di scl osed invention contenplates using a single or plurality of
chromat ographic step(s) in order to purify VLPs from a bi ol ogi cal
source. Different chromatographic S5materials, used in varying orders
and conbinations, are contenplated by the present invention. The
-chromat ographic step(s) may utilize nore than one chromat ographic
material and nore than one nobile phase condition. The

chromat ographic nmaterials and nobil e phase conditions may be of

di fferent physical or chemi cal properties, and thus are orthogonal.
Chr omat ogr apthpds apatmepisgh semave iropheitiehand canteminetts Hhahingebk detrjmental to the

i on- exchan gnnﬁﬂéﬁQtPXﬁ%%gp%Q&%RﬁgﬁkﬁHlnteraCt'O” m xed node,
reversed phase, silze ex si on a orptlon materials. The

i nvention aIso1&@d&dﬂgﬁamesmnnmymsmppsMMnyednyﬂprwnmhudﬁnmmm@mgmsbq

i 1 on. R CRPaRR e SO et PRl R rbing

conventio nmhtenm msmltlm gatraxpg yrdeisllahd:cc(dﬂmginol?g laife&bmampbteﬂ ibg) Ithed)resent

Chr omat ogr a ess Li qui d romat ogr aphy), or . .
Toper t s ot O PUTB AR HR 6teDkf LA RATe 08 As o aegaghic materal
appr eci at earddhadre thhg osd rii@allafphisb @oriti dAMThé thrématogiaphite in@teriall Gnd rastglcbhase
w Il depend qgn several tors such t.he volune of material be
|'oaded, 't N@PHGREER St 8%? ot W@galt%albf@ﬂfﬂi PIopPEgs: 2 %éf& s He otiegPTt
resol ution or mWhdhitogrddicathitedatsiatieddbeRed @k lifted thhRnRkeHahd L effigfty,t he
invention enpl oys techni ques of ol ecul ar biol ogy, protein analysis

and mi LY obEr®Ebic (niRraotionmaxes Refenrey reedgibate) wzegclysion. 484 pdspipHeR i n

the art. SugBridleCiHRiise8oAS® c“e?i@!nﬁlaf&@ ehaw&dpxoﬂt Hledlﬁmgmclu@flé ﬁ%ﬂ&
Protocols in Ml ecul ar Bi ol ogy, Ausubel I

" Sons, New cedrlese, 15gm andzwL(ﬁgfr@ﬁrﬁlmyﬂpww} @éDrVﬂiin{%idmony@@t@g

prepar ed fJh%ﬁﬁo%}éﬂhﬂexﬁet%dsQbrpﬂaél%&ﬁkluaﬁig SR entidag] dﬁ%rﬁ%gﬁ?@h%r I!{PL'@éth
ti ssues, etc |l be purified froma cel

pr epar at i oferfesmace Lwdﬁ?}ﬁ%atpgfﬁlé‘b’toé@IMIP%WCW%CIETH@%@&P@)aH&ve been
grown i n&rﬁﬁbﬁ cﬁ%&%r@pﬂ?bﬁ@gﬁied—mﬁle\éh wift 9138 Q}?ﬂ?éc@ﬂe &8 the élilescﬁ*tt}%s may

be produced using reconbinant neth gi es. exanpl e, the VLPs
and VLP prefwing epdipmpier fmddmgﬂédvﬂﬂ dep@a@@rewa'ﬁl feetbs guch a fiseotumself| s,

besolat e rrai fe TREOH, BRe6% ot O G Mg WA 0 e RuGRT

i nfected apurity.gh multiplicity of infection in order to optimze
yi el d.

20 - Cell Lysate Preparation

The practice of the invention employs techniques of molecular biology, protein
analysis and microbiology, which are within the skills of a practitioner in the art. Such
techniques are explained fully in, e.g., Current Protocols in Molecular Biology, Ausubel et
al., eds., John Wiley & Sons, New York, 1995.

25 VLPs can be purified from cell lysates prepared from a number of biological sources
including cell lines, tissues, etc. Often VLPs will be purified from a cell lysate preparation
made from virus infected cells, where the cells have been grown using cell culture methods.
The VLP containing celi lysates may be produced using recombinant methodologies. For
example, the VLPs and VLP proteins may be produced in bacterial cells., insect cells, yeast

30 cells, or mammalian cells. For example, Norovirus VLPs can be isolated from Baculovirus-
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Any net hod suitable for releasing VLP proteins frominfected cells
may be utilized to prepare a cell lysate containing VLP. VLP protein
may al so be released into the growh 5 nedia via a buddi ng process.
VLPs may be recovered via separation fromthe nmedia and cellul ar
debris or released frominfected cells using techniques known in t he
art. The methods of lysing virally infected cells may include using
hypot oni ¢ sol ution, hypeitonic solution, sonication, pressure, or .a
detergent. I n one enbodinment, the technique is to use a detergent. In
anot her enbédiedSh? celdegpe il ngapbe infeeted pough molfip IR o mdedRiAin qrddr e
10sanpl e, ét%gm%eeqe QI gue is to also use a nuclease in conbination with
a detergenp T Numer ous detergents are available to solubilize
cel |'s, includi mhymsthddonitablofor red)aasmg HEP@rcgﬁm&om ArfecgrizyierhayCheagidingd to

may be used to treat the cell Si st of .one.or re
enzynes, pPeferabiyyd CﬁRE&E‘é“ga‘ﬁ)éps 6\2 apr 154 %ﬁ% % IRPRPG R tg? growth
endonﬁzft Eamedaa @3 awodditk @chﬁﬂOmstmﬁ%&gdﬁﬁd%mmlség&raﬂlkill ﬁFmdhanédiasaﬂi | t
is we no nuc adhere to 15cellu materi a
whi ch can ?%(ﬁ]ll@f E%Péow e ﬁ@%@ggﬁ/% A UERg GRS ndnﬁmaftr trgﬁti on

schene by gausdstg 1yl Vuthi®f infcted hél@lma@fgﬂﬂﬁ@&ﬁsﬂn@Hypoﬁ(ﬁﬁdﬁoldtﬂag, tyPertontct | €
if any VLPs being recovered. Carification Priqgr to the clarjfication

step, the t¥ftion)spaisstionpressue eriagiiterasht JnPRfFRIoguRCHE e tighpique s to use a

20det er gendisterdnt.i fn 2R6QEREBEmHCHSHBRS oA aMbiGl 6EBRA dﬁam\@@mtﬂ'i& ated
to renpve Iarg@@ﬁartlcul ate matter. This can_be acconplished by a

number 1&f 6, iesBuippeds tRolsngis awdseein comhingliqu it 7 dierest-

filtration. Th%&rﬂe?&s%tef%(ﬁt& e a%laﬂ?%@&ﬁ‘ﬁlﬂhéé%@l@s ol uBing AOMRRR] driigit and
pore size) is within the ge of the skilléd practitioner of the

art to purdsreqns: tincurgnatigagent n@iéc Bed dalireré Hre colf Lystte canpiging af gpc or more
i nvol ves clppitd GREMY MA%CJ ?);/)} 2DNAe, OIQ?[}(J%I%%%%O%@C@QE?P 3 RLBLRILAS

may be recovered fromthe ce sate or ure supernatant by the
use of prebiopinttathicordinasibhsilipdegisap I is knlbkpowothetoeleiciapids may edhere tauch
as by ydie &éﬁﬁ]ﬁ&é&@{lﬁ lidh 09{1?1? rfé&é\%ﬁ iy 1&9&%5%Hoﬂl%lo%ﬂagﬁﬁ nfiatibiPdcheme
excl usively Ium su amoni um sul fate, y(?l ne or

t enrper at ur ey, cafbing pallaler pi it agmgaisonpreeﬁlemaiblhytleoﬁmyi EePsdaingwicoiered.
carefully selected concentrations of the chem cal agents as this
reduces co-precipitation of contam nating 30proteins. Pfecipitated
protei ns afkrifitionseparated from sol uble materials by filtration or

by ) Prior to the clarification step, the cell lysate preparation following treatment with

20  detergent, or if preferred, detergent and nuclease, may be treated to remove large particulate
matter. This can be accomplished by a number of procedures including low speed
centrifugation, or filtration. The type of filter or membrane used (i.e. composition and pore
size) is within the knowledge of the skilled practitioner of the art to purify particular VLPs.

One embodiment of the invention involves clarification by precipitation. The desired

25  VLP proteins may be recovered from the cell lysate or culture supernatant by the use of
precipitation techniques well known to those in the art, such as by the use of protein
precipitation agents including, but not exclusively, PEG, sodium sulfate, ammonium sulfate,
glycine or temperature. The precipitation is preferably carried out with carefully selected
concentrations of the chemical agents as this reduces co-precipitation of contaminating

30 proteins. Precipitated proteins are then separated from soluble materials by filtration or by

centrifugation. In one embodiment of the invention, the VLPs are precipitated by reducing
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centrifugation. In one enbodi nent of the invention, the VLPs are
precipitated by reducing the ionic strength of the solution through
the addition of deionized water. |In another enbodi nent, VLPs are
precipitated by the addition of ammonium sul fate. The precipitated
VLPs are then collected using a | ow speed centrifugati on and
resuspended in buffer Another enbodiment of the invention may-involve
clarification using porous 5chromatographic materials. In purifying
VLP fromcertain cell |ysates and depending on the anount of cellular
aggr egat esthpioesettngth of theagphtoen thesighdld addition lé@l@l@d ngiee Jnomothsr
chromat ogr a Si | an h In
these. | nar aednTE Vs T o SiRFeaPL R g Tartrsh R, SMREThe BB
C(i.e. filtvers amﬁreﬁ;cc&}actcd oduhg)a/\bd/ spgedszcrztﬁﬁrgxtmlnwadoasusphtdadaﬂmjfeaphy

using a single .Qus ¢ h| Cc _materi r.ef erabl.y made 10of
oxt Pan, “and movaierar BRIy o 8 PR ouaRkaheRs chrBLTRE ML RR )
cell |ysat @rcﬁﬂiat@geiﬂhwouatt&rwm I8 pmetpm@tvam&onobdrainrmﬂ I)bytemﬂr&epetnﬁﬂfg oalle
wel | known in t is sub ect toc

fi
o 0! o R P Bt peE Rt By PR e St b P R E et o | al

CONPr i Si NQchedHi AT A rARRNL td R8fofin bife SQlubibh GRomeREAPRL BohaRMhstant&gi N
in a colum or 15chromatographic functignality :ncorp rat d into a

menbr ane oP*0MtYligicatiorcawloy aBVc claiisstiamede. f“ﬂga BEP-\J9!L V?lz%my type

of materi alxcEOBRBIRbYatdS@phyl Rin %h@@%@f@g bBmabg r@ﬁrﬁieﬂﬁ pREFEEBY Indae
based on their size. As exe hereiy, "menbrane' includes

filtert orofgeresn, 3dmease Pivker X%fl“émtsﬁ@had n Tesins [Seralyee Gel el oaoell
separati 0ncultm%upél?ﬁa@dh@togﬁhﬁ@t]%&c%tﬂ% hidlwelBYo e indB Skl Redivfeltto t he
purification of proteins or nucl ei ¢ acids. The chromatographic
mat eri al negificatiather conprise ion-exchange, affinity, hydrophobic
interaction, mg Sﬁje é%ﬁrmén?%rp?&gntm%n pibd s%ﬁr%h!é&'gfaﬂhrc%@hnal
adsorption materials. Exenplary chronatographic materials of the
present i nepaprifiog clapmaidersplic trei i soluHisnechaernaipgranbed evip in & codlwangrd be

under s{pod; Loy f t he

pur pos%asoof }&% s%%atofégﬁagﬁ%lﬁg{n@%blﬁg%gé%%%nghaﬁé ﬁro&t (8 %U%ﬁgeo % way be

const rued ‘eneingg lslmermtreduallo anhEyseOﬁxmrtm\eét:@gmarpih ngedrimthe seratation pf

steps but e I

chr omat ogr a%&% erl léhag&loo%%%} o %% Qrgtzléc %{nﬁg%r gltc iélldenS or

nucl ei ¢ acfilterparrotifer prabumatcmalghate:wabe wadi fovmlqnulmsépamm on in

parti .CU| ar. The[hC hhr%rrh% og Iagerirarprhgfqb%sdcggr%%lfgrstﬁgptgﬁicgt%nco%Brotec?nsrolrln as

i ndi vi dual steps, “or :
20  nucleic acids. The chromatographic material may further comprise ion-exchange, -

- affin‘ity, hydrophobic interaction, mixed mode, reversed phase, size exclusion, and
adsorption materials. Exemplary chromatographic materials of the present invention are
described in more detail below. It should be understood that the chromatographic
materials are provided for the purpose of illustration only and the invention should in no

25  way be construed as being limited to these chromatographic materials or steps but rather
should be construed to encompass any and all chromatographic materials or steps that can
be used for protein or nucleic acid purification in general and VLP purification in
particular.
| The chromatographic methods discussed below can be run as individual steps, or
30  sequentially, or in tandem. By “in tandem” is meant that an eluate from one chromatography

is directly applied to the next chromatography without an intervening eluate collection step.
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30 sequentially, or in tandem By "in tandeni is neant that an eluate
fromone chromatography is directly applied to the next

chromat ography wi thout an intervening eluate collection step.
Alternatively, fractions of an eluate may be pool ed and col |l ected
prior to being applied to the next chromatography. Hydroxyapatite
Chromat ographi c Material 5In some enbodi nents, the chromat ographic
material conprises a cal cium phosphate based material. The cal ci um
phosphat e based naterial naybe hydroxyapatite. Various hydroxyapatite
chr omat ogr Alxhiaiveist feactionsof en clugs imy bapelaaidicalbicted ponmte beina bppficd torfble
any avai l ab| he material can be used in the practice of
this inventt o%hror?%%%eg'enbodl ment of the invention, thg
hydroxyapatite is in a crystalline form Hydroxyapatl tes for 10use in
this inventi ol . be thotse tha are aggl onerated to formparticles
and sinteregd ten 5 2s- 111t 0 a stabl e porous ceram c mass.
The pari| cle smz eom)a‘ ermﬂménﬂibmd[mxympmhuogﬁpmmateaalwowpdﬁlsyt,calbmm Iﬁlosphate

typi cal t le siz S umtao 000, u

o e 1 o o O Pl SO AR B PSRBT POt he
particle shyfeoxiyspaB cﬁf&na‘td@ra@ﬂl@ﬁﬁh@d’naﬁmbMinﬂ%bvﬂfabteh@mﬁfétc[h&ﬂ?r&n’d@ﬂy t he
particle si z? I1S.40 umln yet aggot h t .of the invention,

nmbodi ne
the parti carVé”gqez%Hng B mgisfial ¢ eu#ﬁ.ﬂ&%ﬂ%ﬁk&el gﬂ“srfﬁ‘fﬁnﬂén JEQ8C wi t h

hydr oxyapadrBoRini@sbiithd AXntibs, theBReoxyRAGHEini é}astacnqielfmm H3frok Papatites for
conti nuous annul ar chromat ograph. In one enbodi nent of the invention,
cer am & hywe dxisdatention pasherthess teapr seelpmeratcd & farm paritrles BRSInGEd: high

- columm di ngRSLONSEs 6A6a Ren2PoHe &FMibedssby the skilled artisan. In one
,errbodl ment of the invention, a colum dianeter of at |east 0.5 cm

with a bed hei ghe rgticlgsige of thehmwwnﬁﬁen@s@ayW&elyShvmanym@ép@“ﬂcle size
urificati I
St o ot SRR SARat bl L0 INGRIAAY g

di amet er rom a out used
anot her enémhzhdnmnt oftthe inhentiom\eapartiale size 1@@@ umlnchnaﬂmtembodi&nehmfnheGO cm

to 85 se SEluyate fromthe h dro e. col umm
cont ai 1 ngRATBen.FREP IS a4 W THIMO L S8 AT er b SRR b B
resin suchsiass ghgmhydr ophobi c interaction chromatographic resin.

Hydr ophobi ¢ I nteraction Chromat ogr aﬁhi c Materi al .
ThlS invention may be used with hydroxyapatite resin that is loose, packed in a

column, or in a continuous annular chromatograph. In one embodiment of the invention, A
ceramic hydroxyapatite resin is packed in a column. The choice of column dimensions can be
20 determined by the skilled artisan. In 6ne embodiment of the invention, a column diameter of
~ at least 0.5 cm with a bed height of about 20 cm may be used for small scale purification. In
an additional embodiment of the invention, a column diameter of from about 35 ¢cm to about .
60 cm may be used. In yet another embodiment of the invention, a column diameter of from
60 cmto 85 cm may be used.
25 Eluate from the hydroxyapatite column containing VLPs may be pooled and applied

to another chromatographic resin such as the hydrophobic interaction chromatographic resin.

Hydrophobic Interaction Chromatographic Material

In some embodiments, the chromatographic material comprises a hydrophobic
30 interaction material. The hydrophobic interaction material may comprise one or more

functional groups selected from the group consisting of methyl, ethyl, t-butyl and phenyl.
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In sonme enbodi ments, the chromatographic nmaterial conprises a

hydr ophobi ¢ 30i nteraction material. The hydrophobic interaction
material nmay conprise one or nore' functional groups selected from
the group consisting of nmethyl, ethyl, t-butyl and phenyl.

Hydr ophobi ¢ interacti on chromat ography ("H C') is a val uable

techni que for the separation of proteins under high salt conditions
(see, generally, HPLC of Biological Mcronol ecul es. Methods and
Applications, Gooding, K M et al., Eds., Marcel Dekker, Inc.
(1990)). Wth rfbglamﬁobioinmmtielh cispmegiagggéHHl” ) Bre viabiabla ssebhnigue fohibe

:Mnt ﬁr Iaﬁ%:)glrflzﬁmgtﬁo&l ch ?euy ggrqj salt f:on 10ns % g%r?e%e{lfj uﬁ?L@ fof ﬁ ‘Iaogpcrapt ein
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4:184-188(1993) )1 Raym)nd omat o 212:199- 209
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(Pol. J. Food Nutr. Sci. 4:5-44 (1994 Ri al &%
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. reference., (J Irﬁfﬁ‘ul\[(ﬁlrM&ByL@fZO?@Wg@g#)?ll\klghé%}éeﬁ Isabl 8. PhiGr &b r. Sci.
chem stries span a w de ran hobi cities shou make

it possi e 544 (W3R inploBogial. 4L é:hrqngaamémwlmaw SopéswiL. eral. (J.
chromaf ogr 3pfiG:o8. é”:s @{B&’z{‘ggg@% lﬁﬁ;g J é‘"e?aﬁ(%xb’t@&ﬁx Fﬁ}/oep%ﬁw&@ @??ed

from Synchrom an coverl ng

i n avai | ab{1894), Wdtanabﬂ;l Ea¢tofrdAing. NYg’emdi:Sm [72)1 @4%3@:@%1))nelhoﬁwltlﬂea@l C
col um use nd.s nmethyl HC  Size Exclusion

Chr omat ogr%riigéntc%f)ﬂa{w%?%f% 5 some enbodi nents, the chromat ogr aphi c
material conprifsesicty dicgemexallysialabladtle rcolainnmmrins W]lieh siaz @ wide
:\IX(Z:leuzlxglnug?teeorflhaéro%aoblcmes 5 ouldo make it \})ossabqe to ffr‘lsdtan aBpr ”%Jila e {'ﬁang Which allowi y

i nvol ves sépara pri mari
based 2 tfoec}rromatzgapthn@psmmqn )Foumdlpteoﬂl(s tdemssioduis pmmhlasdpiroef erably

pol yeacchanraie S0 ki bR el SRR B bt PR vt

aromatic hgands In onée embodiment, the HIC column used in the invention is methyl HIC.

Size Exclusion Chromatographic Material

25 In some embodiments, the chromatographic material comprises a size exclusion
material wherein the size exclusion material is a resin or membrane. As intended herein,
size-exclusion chromatography involves separating molecules primarily based on their size.
The matrix used for size exclusion is preferably an inert gel medium which can be a
composite of cross-linked polysaccharides, e.g., cross-linked agarose and/or dextran in the

30  formof spherical beads. The degree of cross-linking detérminc&the size of pores that are

present in the swollen gel beads. Molecules greater than a certain size do not enter the gel

20



30f orm of spherical beads. The degree of cross-|inking determ nes-the
size of pores that are present in the swollen gel beads. Ml ecul es
greater than a certain size do not enter the gel beads and thus nove
t hrough t he chromat ographi ¢ bed the fastest. Smaller nol ecul es, such
as detergent, protein, DNA and the like, which enter the gel beads to
varyi ng extent depending on their size and shape, are retarded in
their passage through the bed. Ml ecules are thus generally eluted in
t he order of decreasing nol ecul ar size. 5Porous chronat ographic

resi ns appbags findtﬂe:tsmveﬁirmgheh@dhmmgrmht@u:dttbghﬁ@hﬁmﬂemhcrlm@ sty
be nmade of ke XL r sed are
those un der da[%ﬁtr eﬁ eeﬁ%@}e E hlcﬁ ente ell})/bads tQ \’/&r%n%%)é{e nt

Bi osci enceéepenidiez dnythar ofe zﬁEM@% leﬂllfdedﬁﬂﬂ'élblr easzs@eehmhghsth@bbd Molecules

chr omat ogr g res tion of th e of VLP sought to
be purifi eﬂgngﬁéeqeﬁgyﬁg’?%r“e hSTOBE{e C%e‘ie?SIW?I iarls%gat e containing the
VLP. OQher 10s IPbﬁ)lE)&hzbmﬁ‘dogﬁplsu 35661 ‘a@rémmm foli §1ieeerxemxoﬁraltremtagﬁp}@fof

constructiaon are p riat [.e ear |

(poy et hab P b T HST B e aE! SR T JorhoT R o e
P-30 Fine ﬁrﬁbﬂﬁadadeﬂﬁﬁé S BPHABEXMevAlble SromUahérfhah BiosciencesF0he §heet
excl usi on ghromat ography a copcent rated poaol of partially purjfied

VLPs are | Bt B o<t Yrums laﬁf%fpﬁlﬁﬁgraawc EpPrept P atecpreydha st
si ze excl USLPRouzhi 10 HBHAURAPIN tHnabiRé bihe EHlitu $ysate COMtMAR SR, Dt
Sephadex G200 or Superpose 6 resins) that had been equili %r at ed in a
sui t abl® piFresplupian goporss fxpdisienenpendlepf)constiyetirass den 20PrpPERE: foh

further pr&ééin@%sro‘}%&ﬁggpwo%@ﬂﬁcﬁﬁkeEbﬁ\'l’%s&lpﬁf@ﬁdleﬂc@%@}%o‘n%y Pa)and
exchanger The i on exchanger may be a cation exchanger erein the

cation excRire@r @&m@s@%ﬂdéﬂbqfﬁpeﬁ Briselph&ebfland car boxyl at e
derivitized c hrP%FBEé)&i{cﬁlQBh ChiBRLBElafh S coﬂ@&tx’aﬁé@ p&dl o?ﬁ&hﬁf}%ﬁﬁg@v LA 20

be an ani on exchanger wherei n the ani on exch anger erI’I Ses
posi tivel yloekémg@dl C@hnmp@gme@mappmaé? praparatmhelzi:)@salqsioueh@rr@tvaragbjd

h
i ety | aon v G e i ABHRBEL Y0P SHEerh o £Rcing) g bad e
25Ani on Exmelﬂvgaéedclhla@nmbt@dmﬁpﬂ”(ygus@boghqmbuffqr)/el y- _charged or gani ¢
moi ety coval enthy Cras ?nJeﬁt{%‘ﬁ?gr}ﬁefﬂxgsOid%:s“&%md?c?éré@ﬁ?cr&&er?a%%%%ng ihBn

latter is used as‘a su S
exchanger. The ion exchangcr may be a cation exchanger wherein the cation exchanger

comprises sulfate, phosphate and carboxylate derivitized chromatographic materials. The ion
20 exchanger may also be an anion exchanger, wherein the anion exchanger comprises
positively charged chromatographic material. The positively charged chromatographic

material may be quaternary amine (Q) or diethylaminoethane (DEAE).

Anion Exchange Chromatographic Material

25 Anior; Exchange chromatography uses a positively-charged organic moiety
covalently cross-linked to an inert polymeric backbone. The latter is used as a support for the
resin. Representative organic moieties are drawn from primary, secondary, tertiary and
quaternary amino groups; such as trimethylaminoethyl (TMAE), diethylaminoethyl (DEAE),
dimethylaminoethyl (DMAE), and other groups such as the polyethyleneimine (PEI) that

30  already have, or will have, a formal positive charge within the pH range of approximately 5

to approximately 9.
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resin. Representative organic noieties are drawn from pri mary,
secondary, tertiary and quaternary am no groups; such as
trimet hyl am noet hyl (TMAE), di et hyl arni noethyl (DEAE)

di et hyl ar ni noet hyl (DMAE), and ot her groups such as the

pol yet hyl eneimne (PElI) that 30 already have, or will have, a form
positive charge within the pH range of approximately 5 to

approxi mately 9. I n one enbodi nent, an ani on exchange resin
consi sting of DVAE, TMAE, DEAE, or quaternary anmoni um groups is
used. A nunber lopnegribodingxt haagen ¢xsbings reswl cdnuside of PWeAE, TAteh AHEAE, or

Fract ogel spg N%g; E BM@; I d
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type Eold und ; the trad nggg%% m, rmmgtﬁﬁhggghﬁgg%%cﬁggegﬁg§

al so be enp 'S S ppor rene
cross-lin klednymnﬂmudemanymhh@mmnesms of the tySesodd aldepibs ead&l nemalQ SOURCE-

h I
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any 10 DE%IySW,crdsﬁhﬁkeaWthQiﬁwﬁM%%ﬂaal‘y am ne, or PEl-based resin
One skilled in the art preciate th ant VLPs. can be
purified on an aﬁ?reﬁoe@%%ﬁb Xesgn e o1 _ O\tﬁ%ﬁ’atenﬁf Usgfliguch Coltmas
pﬁr ificati @aﬁﬂlﬁg Mdﬂ@rrge&ﬁhiﬂﬂgﬁmnno rcei:sms SHOR aEPOROS eclzx eﬁ&ngﬁEPHAROSETM any
chromat ographi c_resin, can be used in gravity colum c t ogra

or higH pri éﬁrwq@mrycqtﬂaﬁareeqraaﬁr?yora%éta%?@agmmQnﬁaﬂﬁ%@ga e il
axial fl owppleefatethdraembRes Vads WS puBiticd bn #h aﬁﬁdhrdk}z’han%é‘@ﬂuﬁelth@ﬁﬁe‘f&e
net hod. In the | atter nethod, the resin is separated fromthe sanple
by decant i ¥gferPuEdattionongRer WIS fi l trati on or a conbination of

net hods. ThB 8nibh-eX b @hRfnat RRpEX cOMN 88 LN QIRPEIABYmA S t hat
charged nol ecul es adsorb to ion- excﬁangers reversi bl'y so that

nol ecul es @urmaer#RbY vEhigh Peepsyredéulsl cheqragiear mﬁym@rqwsegzt%w P et .
Separ a4 0 nﬂ&@tzw&d%ﬁhﬂp 9P Ay BHA B ACEARL ISME b ml ey, 8306
first, the substance to be separated i's bound he exchanger, u3|ng
condi t i onssep#rated gPrdheseabledyalerntingprectiifgptig ortﬁllt@ﬁwtl A2 ebination ef |
eluted with . huffers of different pH or ionic strength, depending on
~the properties of the substance being purified. Mre specifically,
and as appl i ed The ptihaple nSioaskchangeehtanoutgraphe istthat icbargdi magqyles adsort ton-

ion exchangers reversibly so that molecules can be bound or eluted by changing the ionic

20  environment. Separation on ion exchangers is usually accomplished in two Stages: first, the
| substance to be separated is bound to the exchanger, using conditions that give stable and
tight binding; thén the substance is eluted with buffers of different pH, or ionic strength,
depending on the properties of the substance being purified. 7
More specifically, and as applied to the instant invention, the basic principle of ion-
25  exchange chromatography is that the affinity of a VLP for the exchanger depends on both the
clectrical properties of the protein, and the relative affinity of other charged substances in the
solvent. Hence, bound proteins can be eluted by changing the pH, thus altering the charge of
the protein, or by adding competing materials, of which salts are but one example. Because
different substances have different electrical properties, the conditions for release vary with
30  each bound molecular species. In general, to get good separation, the methods of choice are

either continuous ionic strength gradient elution or stepwise elution. For an anion exchanger,
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25 exchange chromatography is that the affinity of a VLP for the
exchanger depends on both the electrical properties of the protein,
and the relative affinity of other charged substances in the solvent.
Hence, bound proteins can be eluted by changing the pH, thus altering
the charge of the protein, or by adding conpeting materials, of which
salts are but one exanple. Because different substances have
different electrical properties, the conditions for release vary with
30each bound nol ecul ar species. In general, to get good separation,

t he net hodgthef piE holeereased enddpnip strenging mm@‘@qé of ionic strengtheaieytehs gm@heerﬁm
o o SRR B Wb anfiO0ni Ath O AENANGL o ok Bcceles
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i ncr eased. elfom raoceditre srusestiyhaeybof trbbfmd epik anld)f nmudclas;bmselfgtahlhwaﬁ thye

i ncreased. Vﬂ$@ﬁ£§n al._choice of the elution procedure is usually a
result of t{rial &dd efror and of considerations of stability of the
VLPs bet ng pur ilf wilhe aﬁﬂnbcmmdl by bé{l]&ﬁﬂgﬁmtlateedf thig agt, thitithd ple of anion-

practitioner, of thi rt ch n
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functi on othe tyipe of YpP s@fzhivtb Be soifiddt t o be purified. Cation Exchange -
- Chromat ographi c Material 10In cation exchange chromat ography, a
negative functional group is bound to the insoluble support nmedium
Accor di ngl gatics BxtienseREbABGErapkit OMEdi@Yr aphi ¢ nedia bind positive
counter ions when the |ncub%t|on perlod is. a sufflflent time period

to al | B for tHRCHBErEhoRIachEpmaioserphyangpive dugtions! grgumisep Wﬁef%
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net positiyRitbd rcgﬁgedt %i‘@up@ & BB cCanfBESh D e'qﬁlhmﬁ' QSkh tﬁeerfégéﬂv@g charged
non- bi ndi ng nol ecul es Tromthe nedium Bound ions are en éluted
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i nvention cont enpl at es using a vari et ion exchang medi & such

as any sul fagonic pledypHeatadnoRging wn- teedﬂk&)mylﬁmsrfsﬂlm hasediupoBeundiions
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binding mode or ﬂow-through mode dlecusscd below.

Affinity Chromatographic Material

25 In some embodiments, the chromatographic material comprises an affinity
chromatographic material. The affinityehromatogrraphic material may comprise antibodies,
dye resins, and metals. The dry resin may be cibachrom blue or polymixin.

Affinity chromatography is a technique that provides for ligand specific purification
of a target compound. As such, the technique exploits the structural and functional

30 ~ characteristic properties of macromolecules by biﬁding the molecules based on these specific

characteristics under certain conditions.

23



Affinity chromatography is a technique that provides for |igand
specific purification off a target conpound. As such, the technique
exploits the structural and functional 30 - characteristic properties
~of macronol ecul es by binding the nol ecul es based on these specific
characteristics under certain conditions. - Avariety of
different affinity colum nmatrices are contenplated for use with the
di scl osed invention. For exanple, antibodies directed agai nst VLPs
may be used to generate affinity columm nedia that in turn can be
used to purify Axasty dfdiffeduit afifioy caléren mbfrices arycantampheitdogr whg it the

mat eri al ' j - an. T '
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mul tistep chrorfe SHPRBREEPYE BRisals discuseagpwrap _ée B inividugksteps, or
resul ting GoRRasiyt boR el The schienBOOf RS uBNEP rBREberapiCpBEQYENES Of
the nmul tistep chromatographic process is designed to reduce

cont ami nantresegtiayegtionympphedesienal to pradnereYlelts mrstiaprratst epcpyicttiogl Baror y
agenci g5 f ot.,BNaHIBGEAHG GAho 6 AFE AU SHRAANEE, bdRbd lHtiBNeERs hhe
contam nant |evel of the host cell 'DNA content nmay be reduced to |ess
than 1% Tereaterdhenabpuidhte. F&VeY0, DF% eh®'mowttycel | protein content may
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~ chr onat ogr Bphiocatamirtaet lewdl of théikoss odliuirotoin contegahdy be ysmtel tordogs then 5%. The

centrif uQes%ql\fén%Q (?tutﬁe r%uﬁilsjtglg %gmatographic process is designed to make VLPs consistent with

c¢GMP regulations and suitable for pharmaceutical testing in humans.

25 The present invention further provides a method of contacting a solution containing
VLPs with a chromatographic material. In this regard, culture media or a cell lysate
containing VLPs may be contacted with the chromatographic material wherein the culture
media or cell lysate is filtered or purified by precipitation prior to contact with the
chromatographic material. The solution or cell lysate may be centrifuged without a sucrose

30 gradient. In one embodiment, a clarified solution containing VLPs is contacted with the
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30gradient. In one enbodinent, a clarified solution containing VLPs
1s contacted with the chromatographic material. Alternatively, a VLP
containing solution fromone chromatographic step is contacted with
anot her chromat ographic material. Certain enbodi nents of the

di scl osed invention contenplate the use of a hydroxyapatite nmediumin
conjunction with a hydrophobic interaction chromatography 5mediumto
purify VLPs particles fromthe cellular mlieu rel eased during the

| ysis process. In one enbodinent, the cell lysate is |oaded on a
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7). In so MEve! ”ﬂl %ﬂ'&ﬁ‘ URe préstent inventors have found that cation exchange chromatography
followed by methyl HIC is pamcularly suitable for purifying Houston viruses.

Before contacting the chromatographic material with the VLP preparation in each

20  step, it may be necessary to adjust parameters such as pH, ionic strength, and temperature
and in some instances the addition of substances of different kinds. Adjustment of these
parameters is within the knowledge of one skilled in the art and may be accomplished in the
VLP containing solution or chromatogfaphic medium. For example, the pH of the VLP
containing solution may be adjusted with a buffer. The pH may be adjusted to either acidic

25  values (e.g. pH less than 7) or basic values (e.g. pH greater than 7). In some embodiments, it
may be desirable to adjust the pH of the solution or chromatographic material to a neutral
value (e.g. pH e‘qual to‘ 7). The buffer used to adjust the pH value may comprise phosphate,
carboxylate, sulfate, acetate, citrate, tris or bis tris and the buffer concentration may be in the
range of about 10 to 1000 mM.

30 In another embodiment, the method of the present invention involves adjustment of

the ionic strength of the VLP containing solution. The ionic strength may be adjusted by the
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may be desirable to adjust the pH of the solution or chronmatographic
material to a neutral value (e.g. pHequal to 7). The buffer used to
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Pprocesses.
- sodium phosphate. The sodium phosphate concentration may be in the range of about 10 to

500 mM. In one embodiment, the sodium phosphate concentration is about 100 mM. In'yet
20  another embodiment, the organic solvent concentration of the VLP containing solution can
be adjusted during reversed phase processes.

Adjustment of the parameters of the VLP containing solution or chromatographic
material can cause retention or pass-through of VLPs and contaminants. In one embodiment,
the VLP cbntaihing solution or chromatographic material may be selected to cause retention

25  of VLPs with contaminating materials passing through the chromatographic material. In
another embodiment, the VLP containing solution or chromatographic material may be
selected to cause retention of contaminating materials with VLPs passing through the
chromatographic material. Such features can be utilized to operate the chromatographic
steps in either “flow-through mode” or “binding mode” or a mixture thereof. The term

30  “flow-through mode” refers to a VLP prepération separation technique in which at least one

VLP contained in the preparation is intended to flow through a chromatographic resin or
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Adj ust nent of the paraneters of the VLP containing solution or
chromat ographic material can cause retention or pass-through of VLPs
and contam nants. |In one enbodi nent, the VLP containing solution or
chromat ographic material nay be selected to cause retention 25 of
VLPs with contam nating materials passing through the chromatographic
material. I n another enbodinent, the VLP containing solution or
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25 ‘ In combination binding/flow-through mode hydroxyapatite chromatography, the
hydroxyapatite media is equilibrated and washed with a solution, thereby bringing the
necessary characteristics for purification of the VLP preparation.

Prior to equilibration and chromatography, the hydroxyapatite chromatography
medium may be pre-equilibrated in a chosen solution, e.g. a salt and/or buffér solution. Pre-

30 equilibration serves the funetion of displacing a solution used for regenerating and/or stering

the chromatography medium. One of skill in the art will realize that the composition of the
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251 n canbi nation bi ndi ng/ fl owthrough node hydroxyapatite
chromat ogr aphy, the hydroxyapatite nmedia is equilibrated and washed
with a solution, thereby bringing the necessary.characteristics for
purification of the VLP preparation. Prior to equilibration and
chr omat ogr aphy, the hydroxyapatite chromatography nmedi um may be
pre-equilibrated in a chosen solution, e.g. a salt and/or buffer
solution. Pre- 30equilibration serves the fianotion of dlspIaC|ng a
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VLP pr &par etlimom atflughzediespanged mdabluynn containing the solid phase matrix, and/or in a
simple batch operation where the solid phase matrix is mixed with the solution for a certain
time. ,
- After contacting the hydroxyapatite resin with the VLP preparation there is optionally
performed a washing procedure. However, in some cases, the washing procedure may be
25  omitted, saving a process-step as well as washing solution. The washing buffers employed
will depend on the nature of the hydroxyapatite resin, the mode of hydroxyapatite
chromatography being employed, and therefore can be determined by one of ordinary skill in
the art. In flow-through mode and combination binding/flow-through mode, the purified VLP

flow-through obtained after an optional wash of the column may be pooled with other

30  purified VLP fractions.
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performed a washi ng procedure. However, in sone cases, the washing
procedure may be 25omitted, saving a process-step as well as washing
sol ution. The washing buffers enployed wll depend on the nature of

t he hydroxyapatite resin, the node of hydroxyapatite chromatography
bei ng enpl oyed, and therefore can be determ ned by one of ordinary
skill in the art. In flowthrough node and conbi nati on
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bi ndi ng, " In certain embodiments, the hydroxyapatite chromatography step is conducted first,

the hydrophobic interaction chromatography step is conducted second, and either anion
exchange or size exclusion chromatography step is conducted third.
| 20 'VLPs are generally recovered from an hydroxyapatite step in the fractions of binding,

flow-through or a mixture thereof. The salt concentration and pH of such fractions can then
be adjusted for purification over a hydrophobic interaction column or for purification over
any other suitable affinity column, as described in Example 1. In accordance with this
method, ammonium sulfate is added to a final concentration of 8% w/v to pooled VLPs and

25  the sample is stirred until all of the ammonium sulfate is dissolved. A column containing
250 mL of HIC resin is equilibrated with five CV of 100 mM sodium phosphate, 2.4 M |
ammonium sulfate pH 6.8 and the VLP suspension loaded. The column is washed with
approximately three CV of buffer C until a stable baseline is observed and then washed with
10 CV of 70 % 100 mM phosphate, pH 6.8. The VLPs can be eluted from the column with

30 150 mM phosphate. '
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fl owthrough or a m xture thereof The salt concentration and pH of
such fractions can then be adjusted for purification over a

hydr ophobi ¢ i nteraction colum or for purification over any other
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hydroxyhpahﬂﬂerandeydm@QMWﬁﬂbrhnbsmacﬁcdnfﬁmM@natography can be used
together to separate VLP, as nentioned above, the purification

Additidnal Optional Steps

Although it has been discovered that hydroxyapatite and hydrophobic interaction
chromatography can be used together to separate VLP, as mentioned above, the purification
25  method of the invention can be used in combination with other protein purification
techniques. In one embodiment of the invention, one or more steps preceding the
hydroxyapatite step may be desirable to reduce the load challenge of the contamingnts or
impurities. In another embodiment of the invention, one or more purification steps following
the hydrophobic interaction step may be desirable to remove additional contaminants or

30  impurities.
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25met hod of the invention can be used in conbination w th other

protein purification techniques. In one enbodi nrent of the invention,

one or nore steps preceding the hydroxyapatite step nay be desirable

~to reduce the | oad challenge of the contam nants or inpurities. In

anot her enbodi nent of the invention, one or nore purification steps

foll owi ng the hydrophobic interaction step may be desirable to renove
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purification procedure described nmay optionally be conbined with .
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li ght scatPEmargrahydithifigraprpombinatioss of gy eaPLBoFEEPBHOR RE VLPs
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20 (hlgh perforrnance liquid chromatography) caplllary clectrophorcsm MALDI (Matrix

Assisted Laser Desorption Ionization) mass spectrometry, ELISA (Enzyme Linked
Immunosorbent» Assay), or circular dichroism.
The following examples are included to demonstrate preferred embodiments of the
invention. A skilled practitioner of the art would, in light of the present disclosure, appreciate
25  that many changes can be made in the specific embodiments and obtain a similar result

without departing from the spirit and scope of the invention.
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25 that many changes can be made in the specific enbodi nents and
obtain a simlar result wthout departing fromthe spirit and scope
of the invention. Exanple 1. Purification of Norovirus Genogroup |
Viruses General Description of Method The purification process

consi sts of 3 chromat ography steps. The steps use orthogonal

mechani sms resulting in a scal able process that produces highly
purified VLPs. 5The first step of the purification is a capture step
~that uses Bi o-Rad hydroxyapatite (CHT) resin. The CHT step
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20  liquid chromatography. The chromatography purification procedures are outlined below.

The purification process can be normalized for any scale. Linear flow rates listed are

independent of column diameter.

Purification of VLPs
25 A 15L fermentation produces 10L of conditioned media. The purification process
described below is designed to handle SL. To purify the entire 10L, 2 campaigns using SL

each are performed over a two week period.

HA Column Chromatography: Five liters of culture supernatant is loaded onto a column

30  packed with 500 mL of hydroxyapatite (Bio-Rad, CHT) resin, equilibrated by passing 10

column volumes of 5 mM sodium phosphate buffer (buffer A) with a flow rate of 80
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m./mn. The culture supernatant, is |oaded onto the colum and washed
with two colum volunmes (CV) of buffer A 150 mM phosphate (buffer B)
is used to elute the Norwal k VLPs fromthe CHT colum. The Norwal k
VLPs elute as a single peak off in buffer B. Fractions (1 CV each)
are collected during the chromat ographic run and anal yzed by

SDS- PAGE. The 5 fractions containing VLPs are pool ed for the next
step in the purification. SDS-PAGE with Coonassie Stain of

Hydr oxyapatite chromatography fractions arc shown in Figure 2. The
maj ority ofLinhe Ny wiiic sWbeesatal, us leaded onfeghelcodinuaind veeshadrwithvieb galmn
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This process was repeated a total of 510 tines. The retentate
contains the diafiltered Norwal k VLPs. This material then goes

t hr ough a DEAEBICotingt Chiembtobiapiaft iFablep fagRss, corﬁhﬁlﬁllg@ﬁeSpaﬁfaﬁybﬁdﬁ&ﬂ Wigs QC

testin ease. SPAGE/ Co ssj.e stain from di | tr
fr actl g?%el?ﬁ’éwlll‘ﬁ P E‘Pear%%gaﬁ_dlldl E’t‘é‘ﬁ 2 CORYRR E‘Edu ith % OmeEAE
purifi Cat | SdphadeR OE¥aS Hhesphhte biEe pBlASS B/b@apae&tsm fawafatés)e d0 t0./min causing the

~ VLPs to elute in the void volume (flow through). Contaminating proteins interact with the

-resin and elute later in the chromatography. Fractions (1/4 CV each) are collected upon
sample loading and as soon as UV detector signal rises above baseline. Fractions are
30  analyzed by SDS-PAGE and fractions containing VLPs pooled for buffer<xchange by
Diafiltration. SDS-PAGE/Coomassie stain of DEAE column fractions are shown in Figure 4.
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10identify fractions containing VLPs. During purification, a fraction
is assuned to contain VLPs if a band is observed that mgrates with a
simlar nolecular weight as a VLP reference material run on the sane
gel. Only those fractions where the VLP band has an intensity

equi valent to or greater than the intensity of VLP standard are

pool ed. 15Protein Concentration: In-process protein concentration
(ultra filtration step) is determ ned by chronogeni c assay based on

bi cinchonic acid reaction with protein. Test reagents are obtained

f rom Pi er cRiafilftation; pladlef finghpurdisetiovfstapiéoriak WaiPk, whiehuty/fipm thePEAEed

chr omat ogr I I i -

Tabl o L. TR R e R P L AR L

al so conpasaetiz¢dstirdaé call dsfilfyationfappdatiny Thiee oluhterod tgnd isirédyged by Hrendod

using transm ssion el ect m. crascopy (T d CD tra,. Jh

Fesul'ts. ar BAsrBur S SlPRLTRi 3Rt e MR PR SR s Bued R o

Resul t 3 denl tithgs. Thotdtantaelcontaits the diafiltered Norwalk VLPs. This material then goes
through a final sterile filtration process. Aliquots are taken for QC testing and release. SDS-

PAGE/Coomassie stain from diafiltration fractions are shown in Figure 5.

VLP Content: Throughout purification, coomassie stained SDS-PAGE gels are used to

10 identify fractions containing VLPs. During purification, a fraction is assumed to contain
VLPs if a band is observed that migrates with a similar molecular weight as a VLP reference
material run on the same gel. Only those fractions where the VLP band has an intensity

equivalent to or greater than the intensity of VLP standard are pooled.

15  Protein Concentration: In-process protein concentration (ultra filtration step) is determined

by chromogenic assay based on bicinchonic acid reaction with protein. Test reagents are

obtained from Pierce.

The specifications of the Norwalk virus VLPs purified chromatographically by the method
20  described above are shown in Table 1. The chromatographically purified Norwalk virus

VLPs were also compared to the VLPs puri-ﬁed by the ultracentrifugation method using

transmission electron microscopy (TEM) and CD spectra. The results are shown in Figures

6-13.

25

30
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a. Mol ecul ar wei ght by SDS-PAGE protein band between 49 and 62 KDa
b. 49 to 62 kDa protein detected by Western bl ot Conplies Conplies
Protein Concentration 0.5 ng/nmL to 1.5 ng/nL 1.40 ng/nL Purity

G eater than 90% si ze excl usi on chronmat ography >99% Host Cel |

DNA

<100 pg/nL <100 pg/ mL Bacul ovirus DNA <100 pg/nL >31 & <62 pg/nL Host

Cell Protein
Table 1
Test Specification Result
Identify Confirmed for
a. Molecular weight by SDS-PAGE protein Complies
band between 49 and 62 KDa
b. 49 to 62 kDa protein detected by Western Complies
‘blot
Protein Concentration | 0.5 mg/mL to 1.5 mg/mL 1.40 mg/mL
Purity Greater than 90% size exclusion >99%
chromatography
Host Cell DNA <100 pg/mL <100 pg/mL
Baculovirus DNA <100 pg/mL >31 & <62 pg/mL
Host Cell Protein Not more than 5% <0.3%
Endotoxin Less than 640 EU/mL >320 & < 640
EU/mL
pH <70 54

10

15

Example 2. Purification of Norovirus Genogroup II Viruses

General Description of Method .

The Houston purification process also utilizes orthogonal mechanisms resulting in a

scalable process that produces highly purified VLPs. In constrast to the Norwalk purification

process that utilizes HA, HIC and Anion Exchange, we find that a 2 column process works

well for genogroup 1.4 Houston virus VLPs.

To purify Houston VLPs, conditioned media containing VLPs is clarified by either

filtration or centrifugation and loaded on to a cation exchange SP FF resin equilibrated with

20 mM citrate phosphate buffer, pH 4.0. Following a wash with 20% elution buffer (20mM

citrate phosphate, 1M sodium chloride), the VLPs are eluted using step gradient and 100%

elution buffer.

The fractions from the cation exchange column which contain Houston VLPs are

pooled and the ionic strength adjusted through the addition of 15% (w/v) ammonium sulfate.

This pooled material is then loaded onto a column containing methyl HIC resin with

phosphate buffer at pH 6.8 containing 2.4 M ammonium sulfate (buffer A). After ioading, a
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Not nore than 5% <0. 3% Endot oxi n Less than 640 EU rnL >320 & < 640
EUNM pH <7.0 5.4 Exanple 2. Purification of Norovirus Genogroup LE
Vi ruses 5Ceneral Description of Mthod The Houston purification
process also utilizes orthogonal nechanisns resulting in a scal able
process that produces highly purified VLPs. In constrast to the
Norwal k purification process that utilizes HA, H C and Anion
Exchange, we find that a 2 colum process works well for genogroup
11. 4 Houston .virus VLPs. 10To purify Houston VLPs, conditioned nedia
cont ai ni ng MR adient elutier #juead thylutsithBEPS frgrn fhatHIGmesdr. lo éhetfirptistegatd”on

and | oaded, P e
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2 col urm CHTERIHITGS Rt RyFsa coPaBA <FdhRbebhars Hif rrdEree’s. o

cont ai ni nchibridle M gBONI uM sul fate (buffer A). After |oading, a

Based on small-scale production runs, the process results in 5 to 15 mg of purified
VLPs from 200 and 500 mL spinner flasks and results ina VLP punty of greater than 90%
10 by SDS-PAGE. I ‘
Table 2 summarizes this purification process for the genogroup II Norovirus, Houston
virus. Figures 14 and 15 provide the results from the cation exchange step, whereas Figures
16 and 17 provide the results from the methyl HIC chromatography step. Figures 18 and 19
provide an SDS-PAGE and HPLC-SEC of the purified Houston virus protein.
Table 2
Culture MOI=1
Conditions | 3 x 10° cells/mL
Add NaCl to 150 mM on
Day 7

Harvest the supernatant

Purification | 1¥step: Cation exchange Equilibration Buffer: 20 mM citrate phosphate
Protocol SP FF resin ph 4.0 ‘

Elution Buffer: 20 mM citrate phosphate, 1 M
| sodium chloride pH 4.0
Step Gradient: 1% step — wash with 20% elution
buffer; 2™ step — elution with 100% elution
buffer
2" step: Methyl HIC resin | Equilibration Buffer: 100 mM sodium

— start material contains phosphate, 2.4 M ammonium sulfate pH 6.8

15% ammonium sulfate Elution Buffer: 100mM sodium phosphate pH
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Final Yields | 20-30 mg purified
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protein/L

In addition to the process outlined in Table 2, we have been able to selectively
precipitate Houston VLPs by decreasing the ionic strength of the conditioned media through
the addition of deionized water. This offers a significant advantage because of the quick
reduction in volume afforded by precipitation processes. Once precipitated, the VLPs can be |
separated using either centrifugation or filtration. Precipitated VLPs are then reéuspended in
an appropriate buffer and purified further using the chromatographic methods described
above. We envision developing a scalable purification method using at least two and maybe
all three of these chromatography techniques. The objective of this purification development
would be to obtain a purification scheme that would provide functional VLPs that are
identical in quality to the VLPs normally produced via ultracentrifugation and could be
produced at large scale for commercial manufacture of the Houston VLPs.

The preliminary data presented' above demonstrate that chromatographic methods will be
useful for purification of Houston virus VLPs. The VLPs were shown to bind to several

resins and could also be eluted with the appropriate buffers. The next step in development

" will be to determine the combination and order in which these chromatographies will be used

to produce a purer product. Also, additional-experiments will be done to determine the

modifications required to these chromatography techniques to obtain the maximum yield of
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Step Gradient: la step -wash with 20% el ution buffer; 2nd step -
elution with 100% el uti on buffer 2nd step: Methyl H Cresin - start
mat eri al contains 15% amoni um sul fate Equilibration Buffer: 100 mM
sodi um phosphate, 2.4 M anmonium sul fate pH 6.8 Elution Buffer: 100nM
sodi um phosphat e pH 6.8 Sanmpl e | oaded with the addition of
ammoni um sul fate to 15% (w' v). Step Gradient: la step -wash with
40% el ution buffer; 2nd step - elution with 70% el ution buffer; 3th
step - wash with 100% el ution buffer. 3rd step: Dialysis to buffer
El uti on pe¥kPobihaifimedzed methodwtilhthen Muset motvatagggrsegbiprodidtion Z@Dpueifigatioon
buf fer di a%o%gto{a%@s\;&sw citrate phosphate buffer, 150 nM sodi um
chloride p . 0.

Examﬁle 3. Purification of G.II VLPs by Ammonium Sulfate Precipitéﬁon
5 A partially purified preparation of Houston VLPs was divided into 1 mL aliquots.
Ammonium sulfate was added to each aliquot to achieve a final concentration of 10% to 35%
(w/v). The samples were placed in a rotator and mixed end over end at 4 °C overnight. The
samples were visually inspected for signs of precipitation. An aliquot of 20 uL was removed
and labeled “Amm suspension”. The ammonium sulfate suspension was centrifuged at
10 14,000 x g for 10 min, room temperature. The resulting supernatant was pulled and labeled
“Amm Supt”. The precipitated pellét was dissolved in a citrate buffer, pH 7.0, placed in a
rotator and mixed end over end at 4 °C for 2 h. The samples were centrifuged at 14,000 x g
for 10 min. The resulting supernatant was pulled and labeled “Citrate supt™. Figure 20 '
depicts a silver stained SDS-PAGE gel of samples taken at different points through the
15  purification pfocess. The two bands in the “Citrate supt” lane reflect the purified Houston
VLPs.
The ammonium sulfate precipitation step significantly improved the purity of the
VLPs as shown in Figure 21. The percentage of host cell protein (HCP) to VLP protein was
‘reduced by approximately half as a result of the ammonium sulfate precipitation.
20 ‘
Example 4. Purification of Norovirus Genogroup I1 VL.Ps by Precipitation Followed by
Quaternary Amine (Q) Chromatography

Houston VLP Purification Process

A 1 liter suspension culture of SF9 cells was grown up to a density of 1.7 x 10
25  cells/mL and infected at a MOI (multiplicity of infection) of 0.5 pfu/cell with recombinant
Baculovirus stock encoding for the Houston VP1 sequénce. The infection was allowed to
proceed to a viability of less than 20% (Figure 22, lane 2). The Houston VLPs were
harvested, purified, and concentrated in the following manner. The pH of the culture was
lowered to 5.5 using HCI (lane 3) to precipitate the VLPs. Then the culture at pH 5.5 was
30  centrifuged at 1,000 x~g for 5 minutes at room temperature. The supernatant (lan¢ 4) was

decanted and discarded. Next, the remaining pellet was resuspended in 20mM Tris, 50mM
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Final Yields 20-30 ng purified protein/L In-addition to the process
outlined in Table 2, we have been able to selectively precipitate
Houston VLPs by decreasing the ionic strength of the conditioned
medi a through the addition of deionized water. This offers a
significant advantage because of the quick 5reduction in volune
afforded by precipitation processes. Once precipitated, the VLPs can
be separated using either centrifugation or filtration. Precipitated
VLPs are then resuspended in an apgﬁoprlate buffer and purified

further usN#g. t0veM ENTgmat g P dpiei 0- be trodpended pelichwe thesoipatrifuged at 1,000
envi si on | a t wo
and naybedggﬁkgﬁﬁggbﬁ{ﬁ%%%%glgﬁ?g%%%gg%gp gkﬁg%?§$3§§%RQEQ&nL§ g%?ive
of this pudi flheptetipietide peices nesnltedlio amuiﬁ“ldarbanmlovqmmammuatyma nllu{stlr@@d byon
schene th r. functi

Guntity tong HEHe Pl heR of NI Vil Db BLEVEC R Elnd e
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Houst on VLPs. imn dat apr nt.ed rat t
chr omat ogr aphi Egﬁr%‘? RB 4L VH- %i‘y%ousi?se‘ﬁ‘t}jlee ?rwwas ?tﬂgl cagl onW(%1 “Ho (ﬁé

vi rus VLPsontal hQIM_rBSmmlﬁee Tho owibilé phaot buetfel o/asmtﬂma]ns ﬁﬂr@ﬁandshaeﬂntumoul d

evel oproritor v i dRadRENAETRTh R At B (Do b e AT A%
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yi el d of  capture chromatography step (compare lane 8§ to lane 2).

Laurens VLP Purification Process

The VLP harvest process outlined above for the Houston VLPs was applied to a SF9 culture
15  infected with recombinant Baculovirus stock encoding for the VP1 sequence from the GI1.4

Laurens virus, resulting in a Laurens VLP extract (F igure 23, lane 11). The resuspended

pellet was diluted 1:2 with water and loaded onto a Q100 membrane. The mobile phase

~ buffer was 20mM Tris pH 6.8 and the elution buffer was 20mM Tris, 1M NaCl pH 6.8.

Lanes 2 through 10 of Figure 23 illustrate the fractions collected over a step gradient elution
20  from the Q100 membrane. The VLPs cluted in the 40% elution buffer fractions (lanes 5‘-8).

As observed with Houston, the Laurens VLPs could be purified and concentrated using pH

-adjustment and capture chromatography.

.Example 5. pH-Dependent Changes in Norovirus GI and GII VLP Structure
25 To further optimize VLP purification procedures, the stability of VLPs from
Norovirus GI and GII strains were exposed to pH ranges from around pH 2 to around pH 10.
Intact VLPs are of approximately 10 MDa mass. Intact VLPs exposed to certain pH
conditions and analyzed by size exclusion high performance liquid chromatography (SE-
HPLC) show a transition to a stable intermediate fragment with a mass of around 220 kDa
30 elative to globular protein size standards. Fully denaturing conditions cause further

disassembly of the intermediate fragment to the monomer of around 60 kDa. To further
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VLPs. The finalized nethod will then be used in the |arge scale
production and purification of Houston virus VLPs. Exanple 3.
Purification of G Il VLPs by Amonium Sul fate Precipitati on 5A
partially purified preparation of Houston VLPs was divided into 1 nL
al i quots. Ammoni um sul fate was added to each aliquot to achieve a
final concentration of 10%to 35% (wWv). The sanples were placed in a
rotator and m xed end over end at 4 C overnight. The sanples were
visual ly inspected for signs of precipitation. An aliquot of 20 uld
was r enovedkpindthe abetngd in which S dup MLPs widd samadrintags, §igipFlaf olutions

suspensi on, %%111 geé}{h&' ]{[(H%gls & VAPL 4y ROQvkuai % g‘ga&cﬂusterdq ﬁ?%ncljentallrs{m

t enper at ur e &€ resulting supernatant was pul
Supt ". Thefrpnebiup? tatbedt [Hairioeto analysisivis SEVHEE.G. Mdliteintlhathe SdfiPler, pH

7.0, pI ace%ldrgn@‘}ffeg%v éllm%ﬂqiﬁ? éﬁg geﬁ?or?l aeg;Siend at 4 Cfor 2 h. The

sanpl es were cen mn. The resulting
super nat ant WaéNqnmntued}I &hds baioeddede@omdMIm resrgmg fronFply) A (Big@e 2dépto plls

a silver s t at. different ints
e T T e L
SUF]E t I anemmﬁfdist@a*tse Vhes. P’WJPS é)_t}ﬁﬁk_dl‘tprtSCﬁr(FiguRSMC) produce'ﬁlﬂab@lﬂ?mmpﬂzt:at
sul fate pr ation step significan rove ri e
VLPs ns orooh ik gar biepps it bbRattsr e Eridher T fice)
to VLP profegiltd shésthaedsroeehs B \amp&@lxalmtaei fyorhgHf2 tasg, aaldrd@mkmblefto thbe
anmmoni rm sulfate precipitation ﬁmdaﬁe 4. Purification of

o]

Nor ovi tlis Ehtogieanst t"l’g‘?ﬂf‘iﬁéﬁbﬁw n Fol |l oned by Quaternary
Arine (Q Chr OW&QMMM&F&%M Edﬁaitﬂ‘ohsc@hglﬁglfr?ﬁl@@mmgu& ﬂsAl)ltctﬁH

suspensi on_cul ture of SF9 S was grown up a densH%&%

107 25cel | &7 MigHRdSBHredcetings aléomce(pﬁﬂwf ihowclﬂtrg}movhlﬂ faxa?ff 6>r
0.5 pfu/c P;Bﬂ{ 10Higurs 2RONRHiBARhBaBkAMEd peaksSh @l 38 AEO TG, t’Bé&E résbl@s show
Houst on VPl sequence. The infection was allowed to proceed to a

vi abi | ity et Naegrus GRhVbEosmmndifad oy the rgpgs of pH 2R 8. 5%{&15415&??6@#%0 ther e

har Vesi§d1stﬁﬂ@infehﬁ%at@ﬁggrﬁéﬁ%&%éna;ﬁ?@'shﬁﬂ igre foll owing manner. The pH
of the culture was lowered to 5.5 using HCl (lane 3) to precipitate

the VLPs. Then Thadingdigps efrteesq expgrmsntsaligaggone to select conditions that result in mtact
VLPs or fragments thereof by adjusting the pH of the solution containing the VLPs. Such

conditions may facilitate the purification process.

20  Example 6. Precipitation of VLP Proteins using Polyethylene Glycol (PEG)

In a manner similar to that observed for the precipitation of VLPs by the addition of
salt (Example 3), similar results may be produced by using other additives, such as
polyethylene glycol, to cause the selective precipitation and solubilization of VLPs.

" To determine the optimal concentration of polyethylene glycol (PEG) mass and
25  concentration, PEG with molecular masses ranging from 200 to 20,000 is added to solutions
containing VLPs in amounts that result in final PEG concentrations of 0 to 50% PEG in 5%
increments. Following each 5% PEG addition, the VLP containing solutions are centrifuged
at 10,000g, and samples of the supernatants are obtained. The supernatant samples are
subjected to SDS-PAGE, ELISA, and/or HPLC analyses to evaluate the purity and total
30  concentration of the VLPs.
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30 centrifuged at 1,000 rg for 5 mnutes at roomtenperature. The
supernatant (lane 4) was decanted and di scarded. Next, the remaining
pell et was resuspended in 20nM Tris, 50mM NaCl, 10mM EDTA, at pH 8
(lane 5). The resuspended pellet was then centrifuged at 1,000 x g
for 5 mnutes. The supernatant was decanted and | abel ed "Houston VLP
extract" (lane 6). The precipitation process resulted in a
significant inprovement in purity as illustrated by the single band
in lane 6 as conmpared to the nultiple bands observed in the starting
material 5in | dheVEP§ milhgitiellpbg foun H”he$@@P§WﬂnéﬁH&ﬁﬁ%%@mcﬁﬁé“@buston
VLP extra I &Q@Q

menbr ane. q%ﬁggﬁbg%ﬁgjgﬁg%g%%%%%gfg?gféggﬂq E?ls t@ﬁ%%néd%ﬁ&@ When

el uti on bufelle angabsePGanhTpélists ateMoledttd ytdeganting Netsmerma@@m pellgis

col um wa r,

fol | oned Erfl é&) e lﬁib%geﬁ%g%/}%@yh?%@ﬂgwé)ﬁ q’%géegwgg%%)ﬁéa?nﬂlde g VI
SDS- PAGE gehtegtap thetreststienddd nglisteis 22alsdierity EIHEA or BELBo Ustebln ow@sh efitlee

Concent ki bl GBS L AT AR B R B ©

outl i ned dbiimwetiherPRCheadsand PBG cMidestratas caphnhat@d ig snleate$5&e¢umﬂur e 15
infected w t%{(recosg%l nan{.£1 E gu oVi.nB tﬁt ock ” nc% g}ro(ﬁ rtecrg)veVPl
sequence 58 IWﬁéi e TS A ﬁ%m€t¥ué i an Eaureﬁg VLP

extract (Figure 23, lane 11). The resuspended pellet was diluted 1:2
with water and | oaded onto a QLOO nmenbrane. The nobil e phase buffer:
was 20nmM Tris pH 6.8 and the elution buffer was 20mM Tris, 1M Nad pH
6.8. Lanes 2 through 10 of Figure 23 illustrate the fractions

coll ected over a step gradient elution 20 fromthe QLO00 nenbrane. The
VLPs eluted in the 40%elution buffer fractions (lanes 5-8). As
observed with Houston, the Laurens VLPs could be purified and
-concentrated using pH adjustnment and capture chromatography. Exanple
5. PH Dependent Changes in Norovirus G and G| VIA Structure 25To
further optim ze VLP purification procedures, the stability of VLPs
fromNorovirus Gand G| strains were exposed to pH ranges from
around pH 2 to around pH 10. Intact VLPs are of approxinmately
10 MDa mass. Intact VLPs exposed to certain pH conditions and

anal yzed by size exclusion high performance |iquid chromatography
(SEHPLC) show a transition to a stable internediate fragnent with a
mass of around 220 IcDa 30 -relative to globular protein size
standards. Fully denaturing conditions cause further disassenbly of
the internediate fragnent to the nononer of around 60 kDa. To further
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explore the pH range in which the Norovirus VLPs would renain intact,
the pH of solutions containing either Norovirus G VLPs or Norovirus
A1l VLPs was adjusted increnentally fromabout 2 to about 10 prior to
analysis with SE-HPLC. Additionally, the SE-HPLC col um buffer was
adjusted to the sanme pH for anal ysis. Norovirus G VLPs exposed
to pH conditions ranging frompH 2 (Figure 24A) to pH 8 (Figure 24B)
exhi bit a single absorbance peak at about 17 mm representing.intact,
nonodi sperse VLPs. VLPs exposed to pH 8.5 (Figure 24C) produce an
absor bancewﬁeﬁmﬂat about 33 min, which represents the | ower order
stable internedi ate VLP fragrrents These results show t hat Norovirus
G VLPs remain A @6l of ﬁ&l@lﬂé’balcqﬁmgvuﬁsnlﬂ(eqﬂaﬁfé% EVIDbs§ udify éllﬂﬁltlgﬁt@ﬁt abl e
i nternedi ate fragnment between pH 8 and Norovirus G|
exposed to pH CHFEIEISERBICPEITEISNg from pH 2 (Figure 25A) to pH 9.5
(Figure 25B) produce single absorbance peaks at about 17 nm while
VLPs exposgd t ornRlthelifdd FEIaM € virefeln B BirBinhtoSia ﬁg& Brotdds AilbRN&SrARAlRe
around 34 nin. Thus, these results show tha rovirus G| VLPs
remain i ntact cYEmaggEph g8t pH 2 to 9.5, and disassenble to the
15stabl e i ntermedi ate fragnent between pH 9.5 and 10. The
findings of these r@m@abmems,vaiefe@y\th@a&oﬁ@to%e 18€ bro6@B Biokthegsalt hat
result in intact VLPs or fragnents thereof y adj ustl ng the pH of t he
-sol ution contai t he .VILPs t|o cilitate t

puri fi catin pr@%é%@ féc%w%gf%n ﬁP‘g*t‘igﬁP R R

usi ng Pol yet hylmedn@iad 16 elobllEEabe conditions dfdlifferdi P IcalSirhdndtal popbitias.
observed for the precipitation of VLPs by the addition of salt

(Exanpl e 3 Iar S r.oduce

a1 Tves. >such et SEHAYT S ety ebrRoRg S Eapt MEiEs Sy pahase
precipitation a:hﬁldlﬁ@islatblsleieZtaﬂto(IﬁtameMsPS To determ ne the opti nal
concentration of polyethylene glycol (PEG) mass and 25concentrati on,
PEG wi t h I ecula ra f 0 i

sol utions cont ;tllhrcu ng g%gaa]imn&g”r}rlg%ﬁ tglg?%{ Qtoérgﬁ}fl mQ{éQ Sgnﬁg%é%phase
concentr at i ons cofdifforts @re50RERE®S pass thiugn¥LBsTENt S. FoI | om ng each 5%
PEG addition, the VLP containing solutions are centrifuged at

10, 000g, and s I .

super nat ant- sanrastisfer i £4RHAPKE At BlGs adllfonite e
anal yses to eva;lonlditl@statcesebundtweamcbontamaiantsﬁ)t‘dhﬁgwparamqnsn of the
VLPs. The VLPs will initially be found in the supernatant. As
the PEG Cog‘ce”tfh%frﬂe%d'oﬁ‘&ﬁﬁ@é Ssherdi e yﬁrﬁﬁa@%&ﬁﬁ@ﬂﬁa@ﬂhg%& IH&)IIQ Ias%' ”S

will precipitate to varying degrees. ets are serve
pel l ets are coldopditieny atpseleted rotiapgthiongh sqmtﬁ@rlmsanNLP’DN@aﬁéMSet i s
-resuspended in buffer and the purity of the VLPs anal yzed by

SDS- PAGE. Jhe tl@lte%leth\éhpf élaﬁ:rpf‘tv@ﬂ;elﬂ fle E%ﬁeﬂc@%f’ﬁ?ﬁﬂgﬁfép REloh@lograbic.
eval uated by ELI SA or A table or graph of the relative purity

of the supemat @reases li)éqslgé?d‘@éﬁ@hlée VEEs mexing aresct cpasHsatianat i on i s
prepared. The optimal PEG mass and PEG concentration conbination is

sel ect ed based 104 ntdifRdCOGInt 9, AR A MLPY re plritiddo BiaRESEN Mo Top, W t h
acceptable yield ?yr product recovery.
purt

11.  The method of claim 9, wherein the VLPs are purified to greater than about 90%.

12.  The method of claim 9, wherein the VLPs are purified to greater than about 95%
purity.
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We claim 1. A nethod of purifying Calicivirus virus-Ilike particles
(VLPs) using a nultistep chromatographic process. 2. The nethod of
claim1, wherein the chronmatographic process utilizes nore than one
chromat ographic material. 3. The nethod of claim1, wherein the
chromat ogr aphi ¢ process is orthogonal 4. The nethod of claim 3,
wherein the orthogonal process utilizes chromatographic materials and
nobi | e phase conditions of different physical or chem cal properties.
5. The method of claim4, wherein the chromat ographic materials and
mobi | e phake cdmaimeihedst dpim S stheisinglie teguinst af the wristep ghrompfegigghinod of
clai m 4, whereif,the @e@fgﬁé@t%Qgﬁtﬁ)@me%sﬁﬁﬁl%%r%o%itﬁﬁ@fVEPé.' e phase
conditions are selected to pass through VLPs. 7. The nethod of claim
4, wherein the chronatographic materials and nobil e phase conditions

are sel ect ¥d t dhe&wetiod obgaimahivhaisingthe spauanpe gﬁtém%iﬁegﬁ@svm%@%% hod

of claim 4, wherRkqd i £8ichH ©TRLBIEARMiCnRY &S AR 1ABAIRBL LcPRBRDY
conditions are selected to pass through contamnants in VLP
preparations. 9gegulrtay Aganpietionphagnagerticr! gipfiredrag sibstaecesequence of the
mul ti step chromat ographi c process is designed to produce VLPs neeting

preset speg fi gatiRRd oflaimlewABERAL RhtaflidiiMethl oFRRE RUIMNA oS
are purified to greater than about 70% purity. 11. The nethod of

claim?9, whereil§#stBel¥ps are purified to greater than about 90% 12
The met hod of claim9, wherein the VLPs are purified to greater than

about 95% ur i tihe mehdd of 18nEY, RaskcRfthLdodiaiBint 188 bERJY ENSrREH YSNER iOf
the nultistep chromatographic process is designed to control the
resul ting conpd®FiirBA”of VLPs. 14. The method of claim 9, wherein the
sequence of the nultistep chromatographic process is designed to
reduce cont7am Mmasincthed ef Saitr®, Wéveinshe asindeste aareRp alrb@atoyraphic
regulatory agencl 88 il Skighifth TaRe U bS Bneletin NS Setts eSS suitable for

‘pharmaceutical testing in humans.

—

18. The method of claim 2, wherein a solution containing VLPs is contacted with the

chromatographic material.

19.  The method of claim 18, wherein the solution is centrifuged without a sucrose

gradient.

20.  The method'of claim 2, wherein a cell lysate containing VLPs is contacted with the

chromatographic material.
21.  The method of claim 20, wherein the cell lysate is filtered.
22.  The method of claim 21, wherein the cell lysate is further purified by precipitation.

23, The method of claim 20, wherein the cell lysate is centrifuged without a sucrose

gradient.

24.  The method of claim 2, wherein a clarified solution containing VLPs is contacted

with the chromatographic material.
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15. The met hod of claim 14, wherein the contam nant |evel of host

cell DNA content is less than 1% 16. The met hod of claim 14, wherein
the contam nant | evel of host cell protein content is |ess than 5%
17. The method of claim9, wherein the sequence of the nultistep
chromat ographi ¢ process is designed to make VLPs consistent with GW
regul ations and suitable for pharmaceutical testing in humans. 18.
The nmethod of claim2, wherein a solution containing VLPs is
contacted with the chromatographic material. 19. The nethod of claim
18, wher eiy. t h@hsokiind ofrliin % eherinfalGeticonfaities soluios fiepode gr adi ent .
20. The net hod LI ' W] VLPs is
cont act ed mﬁthcg-gﬁ%E%g%éggégggﬁ%gaﬂ%@g%#ge?ag%$M%%g&%%$ﬁ%%ﬂbf claim
20, wherein the cell lysate is filtered. 22. The nethod of c]aim 21,
wher ei n t 8. cellhe mpthad ef dlamiigy whesein pher VER eatayngoroligiopistiaeduset usi's.  The
met hod of cl.ai M. 20k Mefflicihes cell lysate is centrifuged wthout a
sucrose gradi ent 54. The method of claim2, wherein a clarified

sol ution containing VLPs is contacted with the chromatographic

mat eri al . 2725. Tipmethed podeipr26c Wagreinshe st (YL paipns@apRired

sol ution from gne..£htHgat ographic step is contacted with another
chromat ographic material. 26. The nethod of claim?25, wherein the VLP
containingzsolution IS Prqduced usi ng recombi nant net hodol ogi es. 27.
The met hod8of dhamethoor ciiey3; Wherpia the PsPsand WA PT¢#188 dF R dyged in insect
produced in bagigrial cells. 28. The method of claim26, wherein the
VLPs and VLP proteins are produced in insect cells. 29. The net hod of
claim 26, wherein the VLPs and VLP proteins produced in yeast

cel I s, 30.57he THEBRBEE 88t b i oY Eh TP NEPYEHENS A Dot B Erins

are produced igeganmal i an cells. .

30.  The method of claim 26, wherein the VLPs and VLP proteins are produced in

mammalian cells.

31.  The method of claim 2 wherein the chromatographic material comprises
chromatographic resin in solution, chromatographic resin in a column or

chromatographic functionality incorporated into a membrane or onto a surface.

32, The method of claim 31, wherein the chromatographic material is designed for the

purification of proteins or nucleic acids.

33.  The method of claim 31, wherein the chromatographic material is selected from the
group consisting of ion-exchange, affinity, hydrophobic interaction, mixed mode,

reversed phase, size exclusion, and adsorption materials.

34.  The method of claim 33, wherein the chromatographic material comprises an

adsorption material.

35. The method of claim 34, wherein the adsorption material is a resin, membrane, or

surface.
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31. The nethod of claim2 wherein the chromatographic materi al
conprises chromatographic resin in solution, chromatographic resin in
a colum or chromatographic functionality incorporated into a
menbrane or onto a surface. 32. The nmethod of claim 31, wherein the
chromat ographic material is designed for purification of proteins or
nucl eic acids. 33. The nethod of claim 31, wherein the

chromat ographic material is selected fromthe group consisting of

i on- exchange, afflnltg hydrophoblc interaction, m xed node, reversed
phase, si z¥ exdbegiehad obdamds BRFEndhe Gherreatoesgnhic maferiat pRmpRSEH R G
cl ai m 33, mher%h&mgggu%gggg@gggraph|c material conprises an
adsorption material. 35. The nethod of cIa|n134 wherein the
adsorption material is res n, menbr ane, surface, . 36. The nethod

of claim3%; wiésaethod ﬁ%clelﬁt%wﬂbe@eétﬂﬁhe%gé%ﬁh&mﬁe%t«ﬁ%@@%i ci um

phosphat e based material. 37. The nethod of claim 36, wherein the

chr omat ogrzphi TheB@bi af clhisr I3y Fh&¥iapiad dhtRnatctBaphicli@atérdl basbriRés £4ligh M
33, wherein the chronatographlc mat erial conprises an ion exchanger.

39. The met hod *%%284eki m 38, wherein the ion exchanger is a cation
exchanger. 40. The nethod of claim 39, wherein the cation exchanger
conpri ses ®ul f ghemefhod spélaibessaRterciarinaxly bthengdeik b \¢htiodnZzeéehanger.
chromat ographic materials. 41. The nethod of cl ai m 38, mherein the
i on exchanger i an met hod of

wher e n i onfeBERABEMeERp P REgY tBreT Ger R Pgttes SR bhckphate
chr omat ogr aphi endeédriesrxiyate. dedditizelndromiidpgghzfimadraism 42, wherein the
positively charged chromatographic material -is quaternary amne (Q

or diet hyllﬁm n%é haeﬁlgdg%n?% wﬁeremrtlheehtodgxcg%&gr is n %gx%Pan\gher e. n the

chromat ographi c nateri a rirses a ro it er ac
material. 45. The nethod of cIa|n144 ‘mheretn the hydrophoblc
i nteracti o matlée 'rnathOéoﬁttimtns‘blsvqu:reln@he imp exshingactoingniats pgsibvgds clsededct ed

fromthe group, thyl, ethyl, t-butyl and phenyl. 46.
The net hod of . ?89&% %b %@?ﬁ t he hydrophoblc i nteraction

chromat ographic material is a nmethyl H C resin.
43.  The method of claim 42, wherein the positively charged chromatographic material is

quaternary amine (Q) or diethylaminoethane (DEAE).

44,  The method of claim 33, wherein the chromatographic material comprises a

hydrophobic interaction material.

45.  The method of claim 44, wherein the hydrophobic interaction material comprises one
or more functional groups selected from the group consisting of methyl, ethyl, t-butyl

and phenyl.

46.  The method of claim 45, wherein the hydrophobic interaction chromatographic

material is a methyl HIC resin.

47. The method of claim 33, wherein the reversed phase material comprises C2, C4, C8
or C18 functionality.

- 48.  The method of claim 33, wherein the ehromatographic material comprises an affinity

chromatographic material.
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47. The nethod of claim 33, wherein the reversed phase materi al
conprises C2, C4, C8 or Cl18 functionality. 48. The method of claim
33, wherein the chromatographic material conprises an affinity
chromat ographic nmaterial. 49. The nmethod of claim48, wherein the
affinity chromatographic nmaterial conprises antibodies, dry resins,
and netals. 50. The nethod of claim49, wherein the dry resinis

ci bachrom bl ue or polym 51. The nethod of claim 33, wherein the
chromat ographi c_nmaterial conprises a size exclusion material. 52. The
met hod of  ai ribsmethphef diim 1Shwhepipdheafiniyahimangahicgraisrial coprses, or
nmenbrane. 53. TheJakt hedrehs, Gh@hfaR2, Wherein the resin or nmenbrane
conpri ses pores of the sane or different sizes. 54. The nethod of
claim 18, wherein the pH. of the solution containing VLPs is adjusted
to cause t¥e rdbemmethgf obslag Pswihieein ﬂE‘“oq?W EHAR PG ablEe Preﬂoz’nb‘éési ng

t hrough the chromat ographic material. 55. The nethod of claim 54,
wher ei n t hst. pHThs nthotd 5 @aind 33, WWB&Sintthadhromat Shaphiceateril batprits £diad m
54, whereinthe pH.is adjusted to greater than or equal to 7. 57. The
met hod of cl ai KEWIORATFE N the pH of the VLP containing solution is
adjusted with a buffer. 58. The nethod of claim57, wherein the

buf fer conjm i sahe pleaspbadieim Sawhexivltiad stze excibdiat Ratesal ¢ adesin ocimbmbitasg.
tris or bis tris. 59. The nmethod of claimb58, wherein the buffer

concentration i-S in.the.r.an of about 10 to 1000 nM._.60. Th hod
oo oo s ke nftebREARRR, RheB R edB of Bertbidls EMpf ookl Sr AE LR
VLPs is adj ust eddifferecnesige. t he retention of VLPs with contam nating

mat eri al s passing through the chromatographic naterial. 61. The

met hod of g ai L: L.oni ' i: '
and cat i on%' f Ir ?Pnggﬁgl\g@éf ﬁél%sli%%hérgflﬂ:t%e Spcl-i Bﬁﬂcggoﬁlutloﬁ cgﬁjdalﬂﬁ%%PQYs a%ﬂfsf%@s
to cause the retention of VLPs with contaminating materials passing through the

chromatographic material.
55.  The method of claim 54, wherein the pH is adjusted to less than 7.
56.  The method of claim 54, wherein the pH is adjusted to greater than or equal to 7.

57.  The method of claim 54, wherein the pH of the VLP containing solution is adjusted
with a buffer.

58.  The method of claim 57, wherein the buffer comprises phosphafe, carboxylate,

sulfate, acetate, citrate, tris or bis tris.

59.  The method of claim 58, wherein the buffer concentration is in the range of about 10

to 1000 mM.

60.  The method of claim 18, wherein the ionic strength of the solution containing VLPs is
adjusted to cause the retention of VLPs with contaminating materials passing through

the chromatographic material.

61.  The method of elaim 60, wherein the ionic strength is adjusted by anions and cations

from the Hofmeister series.
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62. The nmethod of claim6l, wherein the ionic strength is adjusted by
the addition of ammonium sulfate. 63. The nethod of claim62, wherein
‘the ammoni um sul fate concentration is greater than about 100 nmM 64.
The net hod of claim 62, wherein the ammoni um sul fate concentration is
greater than about 1 nolar. 65. The nethod of claim®62, wherein the
ammoni um sul fate concentration is greater than about 2 nolar. 66. The
met hod of claim 65, wherein the anmoni um sul fate concentration is
about 2.4 nolar. 67. The nethod of claim61l, wherein the ionic
strength is adjusted by the addition of a phosphate salt. 68. The

met hod of claim 67, wherein the phosphate salt is sodi um phosphate.

69. The nefhod 1t nfetidt BF 88m hehabn thdienis eekingh ip ROsddiicdy@he addition of
concentration is in the range of about 10 to 500 in.M 70. The nethod
of claim69, wWHERIMEYH280di um phosphate concentration is about 100
mM 71. The nethod of claim2, wherein the pH of the chromat ographic

materi al 6. adjTushRethoBbf &kind 62, WhEcARY dngaddign silFate@dbdntrbicatié Sidatid théh a
buffer to cause the retention of VLPs. 72. The nethod of claim 71,
wherein the pHap@ﬂéﬁﬁﬁ@@ed to less than 7. 73. The nethod of claim
71, wherein the pHis adjusted to greater than or equal to 7. 74. The

~nmethod of @ ai mMhé hetholer kit d2N@h&rinfties angBeAdih SE ftdddasdtratid, is greater than
car boxyl at e, S%Lfate, acetate, citrate, tris or bis tris. 75. The
met hod” of cl ai P2 L ein the ionic strength of the chromat ographic
material is adjusted to cause retention of the VLPs. 76. The nethod
of claim 76, WIgE eicthotl bEclhiand2c whéreRNigE dintheniaa sul ftcednbptritivd iagdated than
of salt. 77. Th thod of claim 76, wherein the salt conprises
cations and anﬁgﬂggﬁ?gﬁ1the Hor mei st er seri es.

66. The method of claim 65, wherein the ammonium sulfate concentration is about 2.4

molar.

67.  The method of claim 61, wherein the ionic strength is adjusted by the addition of a
phosphate salt.

68.  The method of claim 67, wherein the phosphate salt is sodium phosphate;

69. The method of claim 68, wherein the sodium phosphate concentration is in the range

of about 10 to 500 mM.

70.  The method of claim 69, wherein the sodium phosphate concentration is about 100
mM.

71. The method of claim 2, wherein the pH of the chromatographic material is adjusted
prior to VLP application by equilibration with a buffer to cause the retention of VLPs.

72.  The method of claim 71, wherein the pH is adjusted to less than 7.
73.  The method of claim 71, wherein the pH is adjusted to greater than or equal to 7.

74, The method of claim 71, wherein the buffer comprises phosphate, carboxylate,

sulfate, acetate, citrate, tris or bis tris.
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78. The nethod of claim 77, wherein the ionic strength is adjusted by
the addition of ammonium sulfate. 79. The nethod of claim 78, wherein
‘the concentration of ammonium sulfate is greater than about 1 nol ar.
80. The nethod of claim 78, wherein the concentration of anmoni um
sulfate is greater than about 2 nolar. 81. The nethod of claim 80,
wherein the concentration of ammonium sul fate is about 2.4 nolar. 82.
The nmethod of claim77, wherein the ionic strength is adjusted by the
addition of a phosphate salt. 83. The nethod of claim 82, wherein the
phosphat e %al t Ths me8wd ghtlpnbs prrgted: thgipnicfiangthoe fibeichaematpgipphigmaterial is
wherein the sodiyophasphatiecanegrtyaki on is in the range of about
10 to 500 MM 85. The nethod of claim 84, wherein the sodium
phosphat e concentratiagn is about 100 inM The method of clajm 18,
wher ei n t h®- or dafmethog pfelaim to wheisiorthg fopig seenethne 2 dybardditiog of salt
solution is adjusted to cause retention of VLPs. 87. The nethod of
claim 18, wher eing nichRdpFciaim 1) @nhseinthd QR ceAPtisak Bitidgs MdRsiohsfradjiest ed
to cause retention of contaminating materials with the VLPs passing
through the chri$PResl§i%pRic material . 88. The method of claim 87,
wherein the pHis adjusted to less than 7. 89. The nethod of claim
87, wher ei 78.t herhphettd adpibisd B wherefirtadotic stréiath 9 bdjeqeity thoadditicd®f The
met hod of claim 87, wherein the pH of the VLP containing solution is
adj usted with SRR S, The net hod of cl ai m 90, wherein the
buffer conprises phosphate, carboxylate, sulfate, acetate, citrate,
tris or hi®.lriThe nf#hodbhelaieTd)odeein thd adnter@itiondfameionivnhel bigfif geater
concentration ié irg ttlle range of about 10 to 1000 inmM 93. The net hod
of claim 18, wHEPEPRU HE P oni ¢ strength of the sol ution containing
VLPs is adjusted to cause retention of contam nating materials with
the VLPs pé&ssi rifhemietiodglicline’ & wherat thgeapdnitrationedfemnginium sulfate is greater

than about 2 molar.

81. The method of claim 80, wherein the concentration of ammonium sulfate is about 2.4

molar.

82.  The method of claim 77, wherein the ionic strength is adjusted by the addition of a
phosphate salt.

83.  The method of claim 82, wherein the phosphate salt is sodium phosphate.

84.  The method of claim 83, wherein the sodium phosphate concentration is in the range
of about 10 to 500 mM.

85.  The method of claim 84, wherein the sodium phosphate concentration is about 100

‘86, The method of claim 18, wherein the organic solvent concentration of the VLP

'containing solution is adjusted to cause retention of VLPs.
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94. The nethod of claim 93, wherein the ionic strength i-s adjusted by
the addition of salt. 95. The nethod of claim94, wherein the salt
conprises cations and anions fromthe Hof neister series. 96. The

met hod of claim95, wherein the salt is a phosphate salt. 97. The
met hod of claim 96, wherein the phosphate salt is sodi um phosphate.
98. The nethod of claim 97, wherein the sodi um phosphate
concentration is in the range of about 10 to 500 MM 99. The net hod
of claim98, wherein the sodi um phosphate concentration is_about 100
MM 100. 8Fhe rbe metodef deimi I whereipesrnd] of thywolysion g¢ntaipigg VLPs is adjusted
chr omat ogr aphi gk j LI i - j

sol ution conta?%?%%ﬁ%%%gmﬁgcggil %%%g??%%k“%ﬁﬁﬁgv%g%#%¥h%gm%gggg
retention of colrrmaiogaphingatesitleri als. 101. The nethod of clai m 100,
wherein the pHis adjusted to less than 7. 102. The method of claim

100, wher gjgn t hf, B@hb@o%&ihﬁ%’/’?@h&&nﬂ{eﬁﬁi r@'édjhgl@tf‘to%ss aaHal to?. 103.
The nmethod of claim 100, wherein the buffer conprises phosphate,

carboxylate, or sulfate. 104. The nethod of claim 18, wherein the
i oni ¢ st r gt h T8¢ methad efdlgmed otyhapnithe nibis edivgpd fogreats thep abieqypliter- t o
contact with the solution containing VLPs by equilibration with a
buffer to wausahé t@BE bRt 87¢ARdraifitikaIH SFIhé MLR Ebrddibing dHion I&ijuseddhod
of claim 104, the ionic strength is adjusted by the addition of salt.
106. The net hodHe e m 105, wherein the salt conprises cations and
ani ons fromthe Hof neister series. 107. The nethod of clai m 106,
wher ei n t ha. salThe ngthad phOsSipITat ®h&aihthe bLO8r coffpeisahbptatofcatbrylae, 107,
wherein the phosphate salt is sodjum phosphate. 109. The net hod of
cl ai m 108, mheﬁi%ﬁ*?ﬁﬁn%Bﬁﬁﬁn?ﬁﬁb DH&t e concentration is greater than
about 10 ,

92. The method of claim 91, wherein the buffer concentration is in the range of about 10

to 1000 mM.

93.  The method of claim 18, wherein the ionic strength of the solution containing VLPs is
adjusted to cause retention of contaminating materials with the VLPs passing through

the chromatographic material.
94.  The method of claim 93, wherein the ionic strength is adjusted by the addition of salt.

95.  The method of claim 94, wherein the salt comprises cations and anions from the

Hofmeister series.
96.  The method of claim 95, wherein the salt is a phosphate salt.
97.  The method of claim 96, wherein the phosphate salt is sodium phosphate.

98.  The method of claim 97, wherein the sodium phosphate concentration is in the range

of about 10-to 500 mM.

99.  The method of claim 98, wherein the sodium phosphate concentration is about 100
mM. '
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110. The nethod of claim 18, wherein the organic sol vent
concentration of the VLP containing solution is adjusted to cause
retention of contam nating materials. 111. The nmethod of claiml,
wherein Calicivirus virus-like particles (VLPs) conprises Norovirus
and Sapovirus VLPs. 112. The nethod of 111, wherein the Norovirus
VLPs are derived from Genogroup I, Cenogroup Il, or Genogroup IV
Noroviruses. 113. A pharmaceutical agent prepared by the nethod in

claiml. 114. The pharnmaceuti cal agent of claim 113, wherein_the
phar maceut i%al Thgewrthoil af gaipplde WheeinthoepH qifbe chaematperapiic Bptgiighisadisted
wherei n the vagghng chistad Wl Ko fubiSn YAEELAE VAL, cMibBMBh Whth Q8hffer to
reagent prepared by a nmethod of purifying CGalicivirus-like particles
(VLPs) usi ng a causk t4tetiep otdon@menading agtsiiels.pr ocess, wherein the

anal ytical reagent is purified to a desired purification level. 117.

?1? agnostjog. assaetbod K daitOmor 888 tleer RAgLMEd B adss eagent of claim

102. The method of claim 100, wherein the pH is adjusted to greater than or equal to 7.

103. The method of claim 100, wherein the buffer comprises phosphate, carboxylate, or

sulfate.

104. The method of claim 18, wherein the ionic strength of the chromatographic material
is adjusted prior to contact with the solution containing VLPs by equilibration with a

buffer to cause retention ‘of contaminating materials.
105. The method of claim 104, the ionic strength is adjusted by the addition of salt.

-106.  The method of claim 105, wherein the salt comprises cations and anions from the

Hofmeister series.
107. The method of claim 106, wherein the salt is a phosphate salt.
108. The method of claim 107, wherein the phosphate salt is sodium phosphate.

109.  The method of claim 108, wherein the sodium phosphate concentration is greater than

about 10 mM.,

110. The method of claim 18, wherein the organic solvent concentration of the VLLP

containing solution is adjusted to cause retention of contaminating materials.

111.  The method of claim 1, wherein Calicivirus virus-like particles (VLPs) comprises

Norovirus and Sapovirus VLPs.

112. The method of 111, wherein the Norovirus VLPs are derived from Genogroup I,

Genogroup II, or Genogroup IV Noroviruses.
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113.

114.

115.

116.

117.

A pharmaceutical agent prepared by the method in claim 1.

The pharmaceutical agent of claim 113, wherein the pharmaceutical agent is a

vaccine.

The vaccine of claim 114, wherein the vaccine is a Norovirus vaccine.

An analytical reagent prepared by a method of purifying Calicivirus-like particles
(VLPs) using a multistep chromatographic process, wherein the analytical reagent is

purified to a desired purification level.

A diagnostic assay or kit comprising the analytical reagent of claim 116.
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