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I S ubiquitous. Various human and animal sera are routinely used as a 5
source of protein agents for treatnment of various di seases and disorders;
for exanple, to provide desired bionolecules effective as therapeutic
agents and for the recovery of antigens that are useful in preparation of
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production of nunWHELE FREAFANEGUWITH BROADSARATRUM RULSEMIJGRT at ed
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living  or gapiapR ¢4l uledg RUTRRS 4 AUHPIR ¥ A G &1 Pacteria,  they
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10 production of numerous pharmaceutical/therapeutic agents

and related compositions, such as recombinant DNA. and/or

recombinant protein (from genetically engineered cell

lines), virus vectors, amino acids, peptones, insulin and

monoclonal antibodies; the products of such bioreactors
15 require further processing. ‘

Because these compositions are derived from living
organisms, including humans, animals, plants and bacteria,
they can be contaminated with one or more viruses, bacteria
or other pathogens or with chemical toxins generally as

20 result of some processing step. Persons having severely
compromised immune systems, such as those with Acquired
Immune Deficiency Syndrome (AIDS), are at particular risk
for infection from exposure to contaminating pathogens or
to chemical toxins in biologically derived compositions.

25 In addition to posing a risk of infection to an individual
or an animal receiving such a biologically derived
composition, the effectiveness of the composition itself
may be compromised by the presence of viral, bacterial and
other pathogenic or chemically toxic contaminants.

30 Recombinant DNA and proteins, monoclonal antibodies,

viral vectors and related compositions are also examples of
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viral vectors and related conpositions are al so exanples of -1 WO 01/59085
PCT/ USOL1/ 04113 biologically derived conpositions used in both research and
manuf act wo ngsgpsdcesses that may be contam nated by viruBewFUSOZIBY i a

and/ or ot her pathogens. Therefore, in devel opi ng pharmaceuti cal

manuf acturi ng processes, steps 5 are usually included to renove or

i nactivat e vibigdeyimad 1yotdearivest logeres idri drexiused hiat o gt résearereandi n
such bi ol og I ygggr

decont ami nat ?nn%g’hgr}écgt%rexjr ﬁ%dfl ng bi oeltgogl cgl e%l\slce corr%gas€ (llon are
presently avdirases, hagtediing qmjgrcanlthezo padihagens chebhexeforehods, heat

met hods, i rrgdhaliopin d%%@&l%ﬁb'n%df%@tdﬁﬁ{ge%ro désn %gébsknom

nmet hods of renoving Qr. inactivating viruses, bacterja and/ or

pat hogens ScoATEnusdally INIusad £ yeaoNe, &F dd}%lt‘fq*b?ls"hlf‘ésﬁéséﬁﬂbed
for 15 exanplb&hern pdthagdrial & H&ikln% Mﬁé?ﬁ dieatgrednt! in, subhS.

on 1 S LI WO el S, i Bhgdo g 150
Pat ent No. Ssi&&@rM&m(aZe.m cat sa;ler)lla.lzdrig $1i Raterinta B B6feBilbed Kenpf , et
al.). 20 Theaenpabaitivmleatid bE UtitALl A Ihfal TS i nd hogt £a) | Y

derived conpositions to I nactrvate Vi erta m nant s

t herei n, 19ut metbiodge henisal getodseadeagnametimdsalizgpdiatborit her

directly degraefiodsh@ne0RoHBIRAiMOtIRReTR.0r L0 Sensitize it for 25
degradation by another chem cal agent or heat or radiation.  In contrast,

the use of |ight RSFtRdNHedilckngwn Seihedseals MEROHAY ¥ einagbhvatingen

found to be va@ntste@ql ebralcxteeﬁfae%wd\y@xar&h@frf I;fate{agetrgs td&%axﬁm&m
conpositions 726, 949, 866, 2%2 and

5o 512 M PipiPo A HY® asEiSed oot itatng A dastnikedn Fohor of

mhite blmsd ezhhplei,t in U. S. Patent No. 4,540,573 (Neurath, et al.),
U.S. Patent No. 4,946,648 (Dichtelmiiller, et al.), U.S.
Patent No. 5,418,130 (Platz, et al.), U.S. Patent No.
5,527,704 (Wolf, Jr., et al.), U.S. Patent No. 5,663,043
(Zepp, et al.) and U.S. Patent 5,866,316 (Kempf, et al.).
20 These patents describe combination treatments of
biologically derived compositions to inactivate viral
and/or bacterial contaminants therein, but include the use
of at least one chemical agent to either directly degrade
the contaminating organism or to sensitize it for
25 degradation by another chemical agent or heat or radiation.
~In contrast, the use of light having particular
characteristics has more recently been found to be
particularly effective and efficient to treat such
compositions. For example, U.S. Patents Nos. 4,726,949,
30 4,866,282 and 4952,812, Miripol, et al. describe the
irradiation of a thin layer of white blood cells with
continuous ultraviolet radiation predominately of a
wavelength of 280 nm to 320 nm, for about 0.25 to 15
minutes, in order to cause the white blood cells to
35 substantially lose their capability to set off an immune

reaction in an alloimmunized patient.
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continuous ultraviolet radiation predomnately of a wavel ength of 280 nm
to 320 nm for about 0.25 to 15 mnutes, in order to cause the white bl ood
cells towdorsdoss antially, |ose their capability to set ofP€T/@sot/oamsne
reaction in an alloi nmuni zed patient. -2 WO 01/59085 PCT/ US01/ 04113

Broad- spectrum pul sed |ight (BSPL) provides an approach for deactivation of
m croor gani sms andré@d%gpecushmgphnghdimignsiqgspamoptoduaabiaa pul ses of

i ncoherent, o] opat i R oad- spect rum BSPL n_also be 5
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BSPL cont ai SO I nc es a spectrunt 1n
part|CMe§ ]ES%%tM%eﬁChbévﬁ 4?91ﬁﬁdanaa§§engemeos ﬁﬁ\bTﬁéoéﬁééﬂﬁﬁnﬁbﬁt BSPL

is simlar tged F@so@&séﬂahtwé 8b §@ﬁdé§vghemahbbeuBmolbtglba1?9 8eR iLeTes

nore i ntense, and,includes mavelengths bet ween 200 300, nm which are
normal |y f|$§%Peﬁsb?lﬁﬁ%r€8FtﬁrgmaFﬂB pREPES., BBeP - Pglﬁﬁﬁlpgdlﬂﬂhf51§hért
durati on pulmesbérf éelahyyelyThegbpaemeﬁm 6onpsPedcbatatife bvngeghtxposure

ti d | f I See, f U. S, _Pat ent
Nos. 5. 034, 290 (EERR s6c1085PE BEGacky 1 18k sBBeLrh, “SRTBaBsaesaas T ncl
et al.) lQuubéxWQGHSQBOQCJa?R B ahd)abgotBEPDOpnovi dBBebspkogiruoml off f ect s
whi ch are digd e{‘é s{ﬁlQYé?OEopEﬁéEdoWshtgh%tFQE §43MpLGe1 P! nggﬂtoﬁ By

bacteria, suc | usni ger, are to be nore rebis
radi ati on t hih h?e9%a@PPIESm§§om@§e intensdi eandsinglB8PE, UVhowever,

Asper gi Il usny9¢s) SRGL B! BeEHBER! 2YE. aRA Y0¥ HH' {AGEH, ae hBrRaTh than were
three different bacillus spores: Bacillus _stearothernmpphilus, gCI||US

subtilis and BHe§Fedsbyutheearthl shakmosphatent i BRRL Ly APRALAENAN nj ur es
DNA by mBshagnsr® dibdtion pulses of relatively high power, compared to

the longer exposure times and lower power of non-pulsed UV
light. See for example U.S. Patent Nos. 5,034,235 (Dunn et
al.), 5,489,442 (Dunn et al.), 5,768,853 (Bushnell et al.)
and 5,786,598 (Clark et al.).

20 BSPL provides biological effects which are different
from non-pulsed UV light. For example, pigmented bacteria,
such as Aspergillus niger, are known to be more resistant to UV

radiation than are bacillus spores. In studies using BSPL,

however, Aspergillus niger was more sensitive, on dry surfaces,
25 to BSPL than were three different bacillus spores: Bacillus

stearothermophilus, Bacillus subtilis and Ba_cilluslpumilus. Further,
conventional UV treatment injures DNA by mechanisms that
may be reversed under certain experimental conditions
classified as either "dark enzymatic repair" or "light

30 enzymatic repair" (Block, S., Disinfection, Sterilization
and Preservation, 4™ ed., Williams and Wilkins, U.S.A.
(1991)). This photoreactivation by either dark or light
enzymes does not occur when BSPL is used to treat

microorganisms such as, Bacillus subtilis, Bacillus pumilus, Aspergillus niger,

35 Clostridium sporogenes, Candida albicans, Staphylococcus aureus, Escherichia coli,
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may be reversed under certain experinental conditions classified as either
"dark enzymatic repair" or "light 30 enzymatic repair" (Block, S.,

D si nfectwony/s®s®rilization and Preservation, 4th ed., VWecT/ivaomso4arsd
WIlkins, US A (1991)). This photoreactivation by either dark or Iight
enzynmes does not occur when BSPL is used to treat mcroorgani sns such as,
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whi ch posg sgREBcRabE5y Qéﬁér95fe%@eﬁg§§r§§PLwh%r%%@”%@ﬁL e NRBlRA P
| anps using an inert _gas,_e.g. xenhon. BSPL has been found to be

partlcuIarIygéﬂ?ﬁéF?@ebYnlamﬁﬁcPF&§E|ﬁa Inextegadni € Jar &GN of gr eat est

concern when mang§pcthHas nae@ﬁdfuahagtbl Béogawllbmdwyvatﬂ&aqud t | ons.
Viruses are fre ent#xparou ed bas '

Vi ruses, and}B? EXB gvf USERe Eﬁﬁﬁpeﬁﬁ 8%2%&cg§rﬁ %?%ﬁilﬁ§Qﬁfrn

envel oped orwhen- manuﬁhopedlnﬁuanﬂens1ngdbvpdoghcauﬂus@@ranexgeneraIIy

cat egor i 260 LBhRoR1£BhLY, 9frukpusasontulhel ! Gy

evol utionary characteristics For'e virases |n fﬁe erpes
Vi rus fan1Iytbe%rpeenomedaé)eaneDNén9§IBﬁédvmmnsﬁﬁnuﬁaﬂ/Qﬁuﬁanﬂﬁmng|ﬁ9the

Adenovi 1 dacenb oghi¥sea e BRRrERYELaBEICTBA KLinseon RMEIPSOMAY el oped

and non- envel virus lies are, 20 .réspectively, the
FIaV|V|r|daeenﬁﬂippe@mhlEHthéFudé§dlYéﬂPB%/Féﬁéﬁeﬁlﬁﬁ§ 823 4LYs C virus

and Bovi ne El:aﬁéesalzaarﬂﬁioaadfhhm?l 5eroayuge§aeuft&mdmdwmféy igHdneles
Pol i ovi rus, Rhi noyirus g g gatlt |rus V'ru%% t are st
virul ent1%0 R&REALN A¥PLRELICR FYeﬁ ﬁﬁPS eristics or example,

viruses in the herpes virus family (Herpesv1r1dae) are
enveloped DNA viruses, and viruses in the Adenoviridae
family are non-enveloped DNA viruses. Examples of
enveloped and non-enveloped RNA virus families are,

20 fespectively, the Flaviviridae family (which includes
Yellow Fever virus, Hepatitis C virus and Bovine Diarrhea
virus) and the Picornaviridae family (which includes
Poliovirus, Rhinovirus and Hepatitis A virus). Viruses
that are most virulent to humans include, for example,

25 Parvovirus, Simian Vacuolating Virus (Sv40), Human
Immunodeficiency Virus (HIV), Hepatitis Viruses and Bovine
Viral Diarrhea Virus (BVDV). BSPL is effective against all
of the above.

BSPL has been used to decontaminate and/or sterilize

30 various target objects, such as food products, packaqes,
water and other fluid, semifluid and solid objects. Such
is primarily accomplished by placing the target object
into, or passing target object through, a BSPL
sterilization chamber, and exposing the object to an

35 appropriate number of flashes of BSPL at an appropriate
energy level, as described in detail in the above four
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25 Parvovirus, Siman Vacuol ating Virus (Sv40), Human | mrunodefi ci ency
Virus (HV), Hepatitis Viruses and Bovine Viral D arrhea Virus (BVDV).
BSPL i s afdersdos® against all of the above. BSPL has beerCD®sa /(4013
decontam nate and/or sterilize 30 various target objects, such as food
pfoducts, packages, water and other fluid, sem fluid and solid objects.
Such is prpaeenky aadomplsi.siPatelny poacsngobheltaRdenngbjetctal .ijnt o, It
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applications are a scusse et ai publi'cation "Pure
Bri ght en5St Whillez BSP&nhagsbegn dpmopstrgfes ter bpypspliMde 1Mechnol ogi es of

San gieg?, @téae%q%t;%%%aﬂo%i hQCESBEgH_ﬁtS.sﬂg‘?n iieeaiapshg@to_ed tlo bg useq;I ul
in eactivating, various m croorgani sns, .i so _undesirahly degrade
certain bi oHBAg &F@?lgfdﬁﬁfépﬁéF,rtFéHdPFPﬁﬁqgﬁBiFFegg BP&%ﬁﬁ%%ﬂ ly active
and thus greanderingditbieng lielss bilblegikallgatichdveaanidc thars kjralatdiycal |y 10
derived therapeut.ic and pharmaceutical . bt It { s Pat ent
ApplicationrggPFéPgNéFs %@ﬁ?ﬁg?§1§F%%Fﬂe§n§§%335§3%§98g%%$ Sﬁ%@' o the
assi gne2oof derfivedagpleirepeudic end phasmesenyichlwkrokosd tiwnst-por at ed
herein by referepgetdesthitRes ngelmdglpg}‘libg@thvggﬂgllﬁov.i ruses, bacteria
n y

and/ or ot her pathogens contained I ogi cal erived conpositions,

whi ch net ho@9/3R8 , 0a8f efililed dydiendt 3999ni asgighegatRodbiss asssiseally

viruses, angnwhai appTakala o IPhered iisk1B50¢eS SifNgnd chalise i cFrgoriasd tions. -
However, in_sone instances, the treat réts m%ghgg% %(%rrprom se the

ef fecti veneBETEAN K¥ FAETSHCEdubESTEA inactivating

15 viruses, bacteria and/or other pathogens contained in
biologically derived compositions, which methods are
effective against a variety of pathogens, especially
viruses, and which may be employed in processing a variety
of compositions. However, in some instances, the treatment

20 may compromise the effectiveness of the final product, and
in cases where such compromising would occur, methods for
guarding against such or at least substantially lessening
such adverse effect upon the biomolecules of interest are

needed.

25 SUMMARY OF THE iNVENTION
The present invention addresses the above and other
needs by providing methods for protectihg piomolecules of
interest when treating biologically derived compositions
containing biomolecules of interest with high-intensity,

30 short-duration pulses of incoherent, polychromatic light in
a broad-spectrum (BSPL) for purposes of decontamination or
otherwise. It has been found that, by adding albumin
thereto before subjecting such a supplemented composition
to BSPL, substantial degradation of the biomolecule of

35 interest is avoided. By albumin is meant serum albumin and
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I n cases where such conprom sing would occur, nethods for guardi ng agai nst
such or at |east substantially |essening such adverse effect upon the
bi omol ecwes1/s4083 nt erest are needed. 25 SUMVARY OF THE | NYENS61@M1iBhe
present invention addresses the above and other needs by providi ng nethods
for protecting bionolecules of interest when treating biologically derived

conposi t i ONGtHAN Al T G900 Bl RSi O A Pd ef @sdt Yorhd Iy dbqu I &£1eht Yin 30
short-duration pul ses of incoherent gg%%chr mat i Ilght in _a

br oad- spect RFAYSSEANT rAhex potecute Iht SRTTRLF HHORPY BRI wi ISPt has
beenI f ound Ei:&vidaa afiel ngh el besh I\ta:ﬁhbem@dbfhled gdsmp%@iemm@gc@uwi ®ing
suppl enent ed .conposi tion 0, BSPL ubst anti a ation of the

bi ool ecul e B¥° '?cfﬂlleﬁ‘ses? i%%%?%éﬁ.%&él %%W%gigl%arr‘l v%ér%cr’ﬁ al bumi n
and -5 WD GWOH085, PERRSKHNdeEidd foederf spathegenioter nather choxie

functionally S Fep{ ln protecting other nolecules fromdegradati on by
BSPL. Al so cbrovﬂﬁgl afgxihe resul tant nodified conpositions containing

bi onol ecul es of GREtaER MeEheds cofpbrterest Egduce orby akakerst eren

rendered fregpf Hiad RGNt 06 £ OhREAct D¥é CpaEREGEN) NAidRNas Gr ¥ fiiis et hods
of interest reduce, by at |east one |o0g, fhe gfntent of an active
pathogen, sRAFLRT A NIRYROICH ¥ IR, %@?%be%n i PEORQFQR N/ Frher

Plr ot 0zoa,o ﬁrtd)ti_}ef yliﬁbstelgm't nifnpae}semo@ﬂc@:lt(mr Féf)_gi(_t@dlqoxgpdséife_ﬂox@ompmgl | ytion
along wit i oml ecule of.interest or ki L Vi ng. r ic ce
engi%eerediﬁﬁ (éﬁh&?@?i%%ﬁ%?nogfl?%?ﬁ?%%toﬁrkfﬁ%nfl§%ﬁsl§8$%5¥°%b§ iarry
a bi onol eculeeXfs ierigiesereduch pnedhodsampyoteh@r¢$eimddragta¢buh¢morp a
bi ol ogi cal | y, Jpy A&ty Vtegnagg[%é%g QrpfOREPLONIG 8r PALOGHED: O Ghdgr toxin

and at | east one biol ogi tlve_gﬁonn ecu Interest to create a
suppl enent ednetthgtsinayrconpbhiset adging albumin to a biologically

15 derived composition containing a pathogen or other toxin
and at least one biologically active biomolecule of
interest to create a supplemented composition, subjecting
the supplemented composition to Broad Spectrum Pulsed Light
(BSPL) to degrade such pathogen or other toxin, with the

20 content of albumin in the supplemented composition being
such that the content of active pathogen or other toxin is
reduced by at least a factor of 10 without reducing the
biological activity of the biomolecule to an unacceptable
level, and recovering the biomolecule in a biologically

25 active state. Preferably, the biomolecule retains at least
about 50% of its bioactivity, and more preferably a much
higher percentage. ' _

These methods may be advantageously.applied to
biologically derived compositions such as fermentation

30 broths from bioreactors containing genetically engineered
mammalian cell lines, other cell culture material, gene
therapy products (such as virus vectors), human and/or
animal blood-derived isolates, biological pharmaceutics,
such as heparin, peptones, insulin and transferrin, without

35 destroying the therapeutic, pharmaceutical, antigenic,
nutritional or other desirable traits of the biomolecule of
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t he suppl enented conposition to Broad Spectrum Pul sed Light (BSPL) to
degrade such pathogen or other toxin, with the 20 content of albumn in
t he. suppvenwstoesl conposition being such that the contenpPCDUS@AL4i 8
pat hogen or other toxin is reduced by at |east a factor of 10 w t hout
reduci ng the biological activity of the bionolecule to an unacceptable
| evel , and jifterestnd thepa'reﬁraheaul eslfff £a chienlto@ilGain i 355 aAdde® sbate.

Pr ef bly, the b I %_Q b ,
and more b EPGr SHRGCRLREN SRi GREF BEPEEAPRge POTBSE RAMARS mphgLete

advant ageouatydapppidd, tmonbc@bngncahtybdduesedndom@han|hmamdnmﬂuxes
fer ment ati ope S9nPLALEE " pLHLBRE! $ACLAESIATLAMANG ORREH AR | ¥ endi neer ed

manmal i an ce I nes cul gene erapy products
(such asSV|¢Q!}P9§Gt®PB) daunak éﬁaﬁoproaﬁmalesw@mh/efwn shetes,

bi ol ogi cal pPheEAREQULLES 1n55€9e§5w3§3§r'Ehepﬁﬂbﬁ@Q%cdﬂE§“6ﬂ1fﬂEErest
transferrin, wthout 35 dest, r oy |nggt et her apeuti c,. phar maceuti cal ,

anti geni c, aﬁﬁtPPFlbﬁEPVSFsbpﬁgra eredp| £°Fr §XaTPdE it 59 ol EReY e of -6
WO 01/ 59085w86T14UR811 64443 ekﬁﬁ.BlieStheh.B ﬂééhlr&lﬂﬂl&r b it ioh ey, aéﬁwn nis

dded t th t t tei h d I d
o1 ds. monBSFORG! SEneKBOGNES SRdSBFRePrBRORaPEETaD tiinad HRE o coont
in the bDoImghsaIhﬁvdatageduélyonpbsibﬁoﬂpgdcaddw Hmnawadnnnme51E$smntia
for thei | t
o o SATRVED 98, VP ST RS Shop e PR Sl e
exhibit t heresubtl p&bsuch baeadvspyctagmapuﬂégdl tllgmtexpr@sarrlmenb, :
br oad- spect Ui, ulcﬁedobwaaallge;ayét1aqve@ta BRI ast Be L Ao cahd Y

derived co 03|§|on requires few, If any, gltlonal proggi3|ng steps as a
result of s éﬁm816631§p§EFPMﬁ¥§ulsed | i ght treatnent one being the

optionajssepar at tfinoAé akpesth BioAoRathlek bhelnterest are protected
while BSPL effiéiently and reliably inactivates viruses,
such as, for example, HIV-1 or -2, hepatitis A, B or C,
HTLV-I or II or cytomegalovirus, which may be present in
biologically derived products. 1In a further aspect,

20 provided herein are similarly fast, efficient and reliable
methods for the inactivation of chemical toxins that may be -
present in certain previously treated compositions, the
addition of albumin followed by exposure to BSPL.

In another aspect, provided herein are methods of

25 activating a photo-activatable protein present in a
biologically derived composition together with a
biomolecule of interest by first adding albumin and then
illuminating the supplemented biologically derived
composition with at least one high-intensity, short

30 duration pulse of incoherent, polychromatic light in a
broad spectrum.

In a further aspect, methods are provided for
protecting at least one biomolecule of interest that needs
protection from exposure to BSPL while inactivating at

35 least one pathogen or other toxin present in a biologically

derived composition, by adding albumin and then exposing
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bi onol ecul e recovery. 15 In one aspect, bionolecules of interest are
protected while BSPL efficiently and reliably inactivates viruses, such
as, for ex@anpbwss H V-1 or -2, hepatitis A, B or C,  HILV-PCDUSOI04013
cytonegal ovirus, which nay be present in biologically derived products. In
a further aspect, 20 provided herein are simlarly fast, efficient and
reliable mehkodompas ittieon tachivyhi-iortenls ityeniical. t auons I hat® iy e
present in rtain_previQuslLy at.ed Yep |.ia ops, -t 100 .

al bum n fol ﬁz\f\%‘d’ b?/'ékpogfj?% i’zéﬁsﬁf‘? ]lc’n ar{(s)c%‘%ér aseﬁéec%, eg’%gl\ﬁ%ef'ﬁ;elrt n
are met hods isf meaSuaed wit ithe swiface adt ibhet Agnpgsidticam prefsent in a

bi ol ogi cal | lsved Gonposisty r QM i ec | Qker est
by first adéiu%grtal?églu ' rirggirfd liolhglr% tt%glqtl?tr??r?ast'i _%@He&s%r%)e’n%‘?leﬁés_a%

bi ol ogi c&l | yng¢eherent ,c pedyshriongtiia 1 ight dasta droadEreskamsi {({;eshort
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In a further aspect, nethods are provided for protecting at |east one

bi onol ecul e t&f 5 widdt &Fed-protection from exposure to BSPL while
i nactivating at 3Im lacasioadn aspaidtqgaheori miedri droproviidassed metlhod of

VO 01750085 FECHRGLOT MO A1 B3 NS g 5200t S i) A foRoh e
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whil e iologically . y
15 1living eukaryotic cells such as leukocytes, adding albumin
to said composition to create a supplemented composition,
subjecting said supplemented composition to Broad Spectrum
'Pulsed Light (BSPL) to degrade said pathogen or other
toxin, the content of said albumin in said supplemented
20 composition being such that said subjecting step reduces
the content of said active pathogen or other toxin by at
least a factor of 10 without degrading the biological
activity of said biomolecule to an unacceptable level, and
recovering said biomolecule in a biologically active state.
25 In another particular aspect, the invention prevides a
biologically derived composition containing a biomolecule
of interest which composition-has an active viral content
reduced by a factor of at least 10 from its original
contenf as a result of treatment with BSPL in the presence
30 of albumin while said biomolecule remains biologically
active.
In still another particular aspect, the invention
provides a method of using broad-spectrum pulsed light
(BSPL) to activate a protein present in a biologically
35 derived composition which also contains a biomolecule of

interest, said method comprising the steps of providing a
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10 reduci ng the pathogenic or otherw se toxic content of a biologically
derived conposition, which nethod conprises the steps, of providing a

bi ol ogi cavoy1/sb®83 ved conposition containing a pathogen opCDUR@&ro4i3xi n and
at | east one biologically active bionolecule, which may al so contain 15

| i vi ng. eukaryotic cells such as | eukocytes, adding albumn' to said

DD N e e cap oo Eﬁi‘f"p’iﬁff{ a] R 6. degr ad
suppl enent e Q si t.i on roa pect.rum, Pul sed. Li o, degr ade
Sa g pat hogBRENasaRIE. Brofein ang A ks torons, i REARFHLS that ois

suppl ement ebisdlogdraddiyt iaet ilvel, ngddlicly taldunsin ctlsereteettagesé£pe reduces
the content of said_actjve t or r ' I . r of
10w Chout  GoBPIgmer e bRl taEh, Caa ML i ne wEStodicafLy
unaccept &bl derdveld, camposiddoremind sdi d e Welse of BIWbgseeh |y
act1ve st al @nat>sbl AR PAI 1Bt ValePSFiendle diSinefy Prpvi des a

bi ol ogi cal | y derive onposi tion contalnin | ono] ecul e of Interest

whi ch™ conpodegrafings the Aidlegimalaactdmidit of sptddigmeleceier of at

least 10 from it InORied RMotheH PalrtdTiAdredided, ttleat ivéntidl BSPL in

t he presence 3Q .of albumn while said_ hionolecule re ns bjologically
active. |n BEPVAIgSoehde i%¢uPx® 9 & ?Wﬂiﬁéﬁiﬁ]wﬁﬁﬁ%ides a

met hod @b ugiedgcingadthepechtentpysadiighdr diRSFdal ctaxcin atesenprbhei n
present in a bi.aol,oqi.call ive Q sitio ' C i

bi onol ecul eaog loilﬁt%ép%gil& ?%rgvﬁgt ﬁ%ﬁ&%’r%’? ’ngq" %%ﬁ&%ﬁg%fgﬁﬁ?%?%g a
-8 WD 01/ 59688 BEEPSSOE @+byddimigoleodiicaldgi akellw etecovgd stenpes tohpni si ng
a phot o« ActyRlABiAPLOMRARE Ananfidely Ui U SRl feddlong

bi ol ogi cal | ﬁ_a 've, "adding al bumin thereto to create a suppl enented,
conposi t i onbigdggiidaldivnactiye hd amadiesyilanl e Bterrested N&%iﬂ%‘ﬁ“%‘t h

at | eashs0nN@oPehi® ompRditié to provide a supplemented composition,
and illuminating the supplemented composition with at least
one high-intensity, short duration pulse of incoherent
polychromatic light in a broad spectrum (BSPL), such that
the content of active virus or chemical toxin is reduced by
20 at least a factor of 10 while the biomolecule of interest

remains biologically active.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic view of the treatment zone of an
exemplary pulsed light processing apparatus that may be

25 used to expose biologically derived compositions to BSPL in
accordance with the present invention for purposes of
decontamination or photo-activation of proteins, which
apparatus employs thin, closely spaced plates within which
the composition flows as it is treated; '

30 FIG. 2 is a schematic view of another exemplary pulsed
light processing apparatus useful herein, which apparatus
is useful to treat biologically derived compositions
flowing longitudinally through a jacket surrounding an

elongated, incoherent pulsed light source that provides



that said protein is activated wi thout substantially degrading the

bi ol ogi cal activity of said bionolecule. In yet another particul ar aspect,
t he i nvew®ons9ops ovi des a net hod of protecting a bi onol eceCEUSHI/d4¢1310
reduci ng the content of virus or chemcal toxin present in a biologically
derived conposition, which nmethod conprises the steps of providing a :

bi 01 001 cal | 1 AL RONRPSIH AN AR IS o P 108 B6195RFBRALILOXI N and

at |east one bl ologic act]ve bionol ecul’e of interest, adding al bum n
15 to said co¥gisikn dhe PrRadnsRe S Uppl¥Hent ed conposition, and

Ih! ! i nating the lﬁ}@phgnﬁ\té%d}ml 'id}\mréwc?]f\ s?l&iiEaﬁllhotﬁéE exemplary
igh-intensity, short duration pul se of incoherent ol ychtonat i. c t in

a broad specﬂ'hﬁﬁ‘% Borht %‘i&ﬁ?%sﬁ‘d}g RHRATR %ht“%b?r% i%egwfggl‘ﬁﬁaé eni cal

toxin i s gedmeivdy dhpdsiteiant ias faniged ofo 10lowi ie &hdibeotbbacul e of

I nt t ' | ol oqgi cal | | ve. E N.NGS
HG s o BRI o o (e Dol htthiie® HianttLuENel
li ght proceseittyimpparel Liptiil maf bectxir usand t bs ekpeatedi withi babhy
derived compgaidy t%%a&aﬁwrﬂﬁ% wh# NobPPcREERSR ci DAGAL 3R for

pur poses of "~ decont nat1on or photo-activation of” proteins, whic
appar at us eripllneadtspectsel y spaced plates within which the conposition
flows as it is treated; 30 FIG 2 is a schematic view of another exenplary

pul sed 1ight processing apparatus ef yl rel Lch I S
useful tiP treat bPBFBﬁFgBI Bgsﬂ&?@ﬁﬁ%cSﬁpBgﬁt ?BEE E%@WI%%%I nally .
through a jacket The reteskintg atveret Dorg gimsl i des ohetkodspfibsegrbtgbtingur ce
that provides -9 WQ 01/59085 PCT/.US01/04113 | ghs i pt epsi r{sduration
pul ses of po%%ﬁ?’\é&?qlcca iﬂhﬁeqﬁl%%eogf%ﬁo-%gée%?%%gn ggnéhgf}&ggg ?”?qge
schemati ¢ viexpaoduse itd BSRIL hiey efdapted yto efficiently inactivate
pathogens or other toxins present in biologically derived

15 compositions and/or to activate photo-activatable proteins.
It has been found that, by adding a protective amount of
albumin to such compositions, high-intensity, short
duration pulses of incoherent polychromatic light in a
broad spectrum can be used to inactivate viruses, bacteria,

20 other pathogens and/or chemical toxins that might be
present in a biologically derived composition, to kill
certain eukaryotic living cells, and/or to activate photo-
activatable proteins generally without destroying desirable
biological properties.of biomolecules of interest, such as

25 for example, proteins, polysaccharides, antibodies, nucleic
acid lipids and/or‘peptones in the composition. For
example, compositions derived from genetically engineered
cell lines, compositions derived through tissue culture
processes and related products, e.g. living tissue from

30 transgenic animals, would be potential candidates for such
treatment.

By albumin, for purposes of this patent application,
is meant serum albumin and other functionally similar
proteins which are effective in protecting other molecules

35 from degradation by BSPL. Mammalian serum albumin having |
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pul sed |ight processing apparatus, wherein a biologically 5 derived
conposition is caused to flowin a direction parallel to one or nore

el ongat edavdonosdoes ent | i ght sources, within an elliptical pepUb@oor3, and is
treated with high- intensity, short-duration pul ses of polychromatic |ight
in a broad-spectrum 10 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The presentaboute s Orampimny i akekd nesd dindised aindrathent iegnivdleent deaginal
integrity aof,.bi amol ec of jnt.ere | . 1.0 |.s effected
to effici er?tllgfn}lr?asc't is\L/ﬂa e @ patﬂ%rb’enaéﬁ%%{%ra%% érgst?lpfrleqslgﬁét:&rldrﬁ

bi ol ogi cal [alwrinedrs porposablymnpieyed .- tBowvine serumpiklumin i vat abl e

proteins. (dsaias bepn-dawnt t{\f%ihl_wlédéﬁmcé ¥ W&RIH i PUD bRl ch

al bumi n to 'such conpositions, Intensity, short duration pulses of
i ncoher ént iolgomwanigt iwsed gin inwifer Woraplaady istedlc tstwd i, Bnduadddna
I nactivate winhu ' %) r s ahdl 8k e'%q{]{( I s
t hat m ght "ﬁleth %Z“Saerg?acl}%lgﬁ%i% ongc}%eglrfls& eri vcg'd corrp\g‘g]ilﬂ&oér:& & aﬁ(jr)?
certain eulaidest ito Ipnoviide et | soneanriat tan aeff ietiweghatkputact i vat abl e
protens Jeiflgpan émimﬂeéﬁd WG IS IfGAE 1D HOU G 1HAREEd | es Of
bi onol ecul es of T nterest,” such as, 25 for exanple, proteins, .
pol ysacchardaRpes ko h e VeRic| ¥t cis RYPF It st /2 heptBmN in the
CONPOosisty ORorc¥nt AN GHEL, bEOWEDS | AHONS Slaid ok fAvsugeetigaltey engi neer ed
cell lines, co os%ilonﬁderlved thrtou t%}s)sue cul ture as?ﬁroc:eises and
rel ated prdFFHEred g, The | FPTIRSIRCS rimsb TS HHERAI© PR woul d be
potential caludjuitie protestitdn whitks nectieBingl therides fwed pur poses of this
pat ent appl. cat,i.Qn,, . 1S ant..serum al bum d.o h‘ﬁ( tio .Simlar
Dot el o wHas e eiqE T RS R et PR el oot I R Rags Y
degr adat i orpehydeBSRiminddmiey | bestSnansanples thenee), exOnpiRigHID8sh
PCT/USQ%IOQEE%ing being set forth in the specific examples that
follow. The added albumin may be separated from the
biomolecule of interest, if desired, following treatment
with BSPL or separation may be omitted depending upon the
ultimate application. Methods for such optional separation
20 ‘of albumin are well known in the art, and examples would
include filtration and liquid chromotography.
In particular, a biologically derived composition
supplemented with albumin is placed into and/or flowed
through a broad-spectrum pulsed light treatment apparatus.
25 Within a treatment zone of such apparatus, the composition
is illuminated by at least one, preferably two and most
preferably three short duration pulses. Pulse duration
will be less than about 100 ms and is really an artifact of
the lamp used and not critical; commonly, the duration may
30 be about 0.3 ms. The pulses should be of high-intensity,
e.g., 0.01 J/cm® to 50 J/cm?, preferably 0.05 J/cm® to 2.0
J/cm?, more preferably 0.25 J/cm’ to 1.5 J/cm’, and most
preferably 0.5 J/cm’ to 1.0 J/cm’, measured at the surface
of the composition. The BSPL is incoherent polychromatic
35 1light in a broad spectrum, e.g., 170 nm to 2600 nm; i.e.,
1.8 x10*® Hz to 1.2 x 10 Hz. Overall, it is anticipated
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about 580 am no acid residues and ot her equival ent serum al bum ns, such as
fish, anmphibian and reptilian serum al bum ns are preferably enpl oyed.

Bovi ne savani/sdoBunin  (BSA) is a readily avail abl e sour cepof/userom3al bumi n
which 5 is commonly used in in vitro biological studies, and along wth
human al bumn is nore preferred. Albumn is generally added to provi de a

concentrat|@naefcsﬁhweaaab%&h%ds%'ab'@ Yr@'lfms‘%fch i ﬁz al b 'm n
e u

th I t S presentl

10" concont rEPFBAL BBl ROER dNQiHRIBARY Oand thE0 SOMG Y Of A datdngeme
appropri at eot eueherequxrlead whmhﬁhﬁthée bmdequggg L]@r Qie&cﬁvemkldamd&sla&fur}ew ng
the d d, at hogens .wi t ca I C ea y e
det(:aer(rarflnreg bs %’cég ﬁ"gr BF, 18961 & 10f? ‘%/fegt(ﬂ rHiel ng
set forth ipreﬁerepéyl ﬁscrexlan:pldebyt hatre fthlainow. IHwEs a(cid@I. ,ald)madtdmy be
separated fopmphe, Bfoavgﬁetebeaefmatsg&at pridte %ﬁ'ﬂe%%énésm 4

t r eat ment paration nma dependi ng upon e
ul ti mate ap@hitattba. Su9§ﬂﬁﬂﬁ§tﬁéraébéﬂlOpngﬂﬂcﬁﬁﬂﬁhenhkﬂmQKPQﬁlQﬂ&ﬁunn
are well kngpnihperbgtart, and exanples would include filtration and

i quid chronotogyaphy. In particul ar bi ol Qgi cal |y derived conp05|t|on
suppl enent ed mﬁ?ﬁagfﬁﬂﬁiﬁpggrBFHEeHaVn § SR8, gW G%b these

br oad- spectBSPLpil terihaghibnt meahoast, aappaahums Ozlﬁswbtﬁasmubt;wahwt zone
of such a u .conp um,nat.e ast one

pr ef er abl 5%@5%’31:%%3‘8%@?’8 Ebavrﬁﬁr’-BB PRISEY eﬂﬁﬁ ses. Pul se
duration vp¢lybhrbmatichanghbomh a0broadasgeict ruaalarye @esantidealit fofr t he

| anp used qg%lﬁﬁ% Crifx'ﬁﬁla g‘nggltg tt heﬁlﬂr%t“‘hf%g‘f Br?éo bec§61 out. 023 ns.
The pul ses be™ of P 3/ &5 J/cﬁ"é

pref erabl y Paeny/ cn@5§opét9ntjl chPs Hatenpr ehdr Faltent. 2 .J/5¢190 0, @ 11..5
J/cn2, p9d E@hon pﬁéfﬁﬁébhgfgrét\l/scﬂgeﬁoté Br%q&% PRV Alrdr1e surface

of the co 05|t| n i's i ncoherent ychromati c
np eg llght treatment are that ghe treatment chamber is

preferably light-tight; flashlamp(s) are positioned within
the apparatus such that the light being emitted therefrom
is optimally directed at the target; reflective material

20 is preferably employed to further maximize the pulsed light
directed towards the target; and transmissive materials
(i.e., quartz, sapphire or similar material) are employed
where material is reduired between the flashlamps and
target (such as supporting structures for holding or

25 transporting target material within the chamber).

Of particular importance in designing or selecting
apparatus for BSPL treatment is the configuration of the
treatment zone of the apparatus, that is, the area within
the apparatus where the target material is to be

30 illuminated with the pulsed light. Because the pulsed
light should illuminate the entire volume of the target
material, the treatment zone will generally be designed to
maximize the pulsed light that will reach to the target.
For example, where more than one flashlamp is employed

35 simultaneously to illuminate the target material, the
treatment zone will preferably be designed so that the
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35 light in a broad spectrum e.g., 170 nmto 2600 nm i.e., 1.8 x1015 Hz
to 1.2 x 1014 Hz. Overall, it is anticipated -11 WO 01/59085

PCT/ USOLMd 21i08% hat comerci al nmet hods may enpl oy 1-5 sheetT/UpulEes. As a
result of such illum nation, the content of active pathogen or other toxin
wi t hi n the biologically derived conposition is reduced by at |east one |og
(i e, a faﬁmjeﬁ)flslcab@mﬂ &qpiefstabt yfrom reaciceflldghramp ahdns? ktbgs

e., t f 100 tivated,
Whi e’ the. RTTHRE AT o FoRot LS { B0 Pl ShPLBRACERED B0 o2
Various appmzgers. mekn berdermp| byeenswrerthat ceulsedel ightpsbluming#esat i on
met hods. fﬁﬁ%ﬁ%%?é QSPdtﬁQC@§£B%fkha€@£Hhint§9§h&¥uré§°éﬁp§6&@ﬁ'Q%

pul sed in po hr omat | I n_a broad gectrum are deScri bed,
for  exdnplSIPRIFE Hehe ZBargpt e‘ﬁ%terlﬂﬁh within thessrgatpgpt eene are ent

' 853 pat ent ref_@:.ga ef%rxﬁ‘%‘&i 5’?1@&%3%&1 SE1999, %élat 18aSenubButo 118he
appar at us use rovi de. broa ect pul se eat t are that
oppar AL e o bl 1geferifns 10Enitere Rrefrhehi fplog ot
posi ti oned apdt N50% hendppastt prefecdbinaat t heast gabobti ag%em tted
therefrom jis o tlITB.l‘|,é/ gyﬁ&ﬁd at the target; reflective material 20 is

preferably te’?ﬁf? %%lsfo fart maxi m ze the pulsed light directed towards
t he tar:gkt and I‘Ifansht skowe ansehemptic (view ofjuartreasmpgphi gensr ofi & | ar

material ) Qﬁf@degxemgféf%”@%ﬁéfi%usSféFqHséeﬂanEéﬁeﬂn he flashl anps

and target as su ructures for holding or 25 transporting
target mat ebi%tloq\frt:hlhl’t er tvadbeeyposkt bens i ¥ithr BSRBor t Rc&PLF desi gni ng

or selecti %ewp@é@taﬁpéﬁat%ﬂt%e@smnhté ;hEeesni;haur aboort &f nin)e
treatnment zZone of the ap ar at us, IS, the,area ppar at us
where the tERHRXPRPERi afPPUL S ‘B’é) 36@?%%?%1'%%?“% ﬁéopul dial Hiht .

Because; hepds 686ned generally parallel to one another and spaced
very closely together (i.e., less than about 5 mm apart,
e.g. about 1 mm) to provide a passageway or conduit 100
through which the composition to be treated may pass. On
opposite sides of the plates 110, 112 are two flashlamp

20 systems 102, 104, each including a reflector 106 partially
surrounding a flashlamp 108. Such flashlamp systems are
commercially available, for example, from PurePulse
Technologies of San Diego, California as PUREBRIGHT Model
No. PBS-1.

25 The flashlamps 108 are preferably elongated, and a
flow of an albumin-supplemented biologically derived
composition (illustrated by the arrow 114 in FIG. 1) is
preferably caused to occur in a direction parallel to the
elongated flashlamps. The plates 110, 112 are preferably

30 fixed to each other along their two opposing edges that are
parallel to the flashlamps so that a composition passing
therebetween is contained in the passageway created
therebetween; a suitably transmissive gel, such as for
example, agarose, may be employed to seal the edges. 1In

35 1lieu of parallel plates, a generally rectangular

transmissive conduit (e.g., quartz or sapphire) may be
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i ght should illum nate the entire volunme of the target material, the

treatment zone will generally be designed to maximze the pul sed lIight that
will reashovosdobe target. For exanple, where nore than oreTAUB@ashlBp is
enpl oyed 35 sinultaneously to illumnate the target material, the

treatnment zone will preferably be designed so that the -12 WD 01/59085

PCT/ USOL/ 044431 0aa0%b itsadapidrtededicunpls iftion aattbudrasdiieanp and so that

flashl anps are pieferably positioned to surround.th t et.. In order to
ensure t hat 1pansEFatieghtnaatnantaade « hdMdk§ QY 3:fwo[ %g"tsé’r]gaé‘lp mat eri al ,

structures gy’fgl\:@xﬁi 1to? 5 mgpﬁ?fet itinedtaragaid reddetitdlons 1t Eystidnes tmagativeent

zone are preferably formed of material that is at e 0 9

preferably &f“pﬁé’X iatfSlht SXGORP hfor 3”& SRS AT 4 Hdeoagflsa& ggeoﬁu%}é%%e nost

pr ﬁf erabby ay pedstedalicight8EwurcETsn 91 \ed theBIRIse, 100 G ights Rkt ted

schematic vieew o ]pq;ﬁ{y] : ref g afparatus for
?ﬁg Eg%bﬁggéia éﬁ&ﬁﬁg%‘ilslléadiféﬁiéa“ﬁaué¥d@

use in treatf. ) | . conpositions with BSPL. In this
preferred appelegisalily derivegd aompasddsiamhaaf ddoRassefmthrighex@Hl e,

about 2 MM LIL3RYY SH)\V & Pssabhayl 1D @A &nldrd¥isiirirad pengg al |y

paral l el to one another and spaced, very closely tqgether (i.e.., |less than

about 5 mm Ygxuases angl/ o akher MHCHIY i S a?rpég?ﬂdﬁ/v%}’rbqa]c‘b uit 100

E Er oulghtl‘dm ﬁyg&l@?{gmf iaﬁftliwhrﬁje\cj, rpgg:ttﬂﬂ-amatyi Eetssh 1eOprafpioss thest des of
e plates : are two shl.a st 02, e pding a

reflector 188Yp&R& iPRISF M eur PSR ef%ﬁligfhlby‘nﬁs%émé&éhe %%%n%fg' ’

syst ens ar e 11@omfertdienlgassagEwanb| 00 farossx mgethenr o rempesition

Technol ogi e%qul?gg:r}eqte&p,-sgfééﬁé%{dﬂﬁ@é Aﬁﬁﬁ?ﬁgﬂj@ﬁb@er&% PBS-1. 25

The fl ashl aifps aFe prer y elongat e 1 ow of an
al buni n- supflasridritted o |epasite aferthe@entirety of the composition to

15 the pulsed light, even when the composition is relatively

non-transparent and/or undiluted. If it were desired to
Aposition flashlamps, for example, only above the passageway
100, then only the upper plate 110 need be transmissive and
the lower plate might be opaque.

20 FIG. 2 shows a schematic view of another exemplary
apparatus 50 that may be employed to illuminate such
compositions containing a biomolecule of interest
supplemented with albumin. The apparatus 50 comprises a
reflective, cylindrical enclosure defining a treatment

25 chamber 202 through which the composition flows surrounding
a pulsed light source 204. The pulsed light source is a
high powered xenon flashlamp provided with a suitable power
source (not shown) in accordance with conventional practice
for flashlamp operation.

30 A liquid circulation pump 208 controls the flow rate
of the composition through the treatment chamber 202 in
relation to the pulse repetition rate of the pulsed light
source 204 so that, during the time the composition resides
within the treatment chamber 202, all of the product that

35 passes therethrough is exposed to a predetermined number of

high-intensity, short-duration pulses of incoherent
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conposition (illustrated by the arrow 114 in FIG 1) is preferably caused
to occur in a direction parallel to the elongated flashlanps. The pl ates
110, 112 veoer/moes erably 30 fixed to each other al ong thei PCTWSOIGEPIBSI NQ
edges that are parallel to the flashlanps so that a conposition passing

t herebetween is contained in the passageway created therebetween; a

sui tably trpbaigchsomatgel ligheh ias af broa@xapeict ragar O&exy r@é’n&@alﬁ ) oyed

to seal the dgezbungSQukbﬁ%mgktear%gggppﬁ! éi,béaﬁhgggajl%i;ecig ul ar

transm ssi vENEoR rtz o

PCT/ US01/ 04ptBpednphupudght ther gshepber alte acdigosinadton atrahmit t hred

il lustratedytg ggg?ﬁgk zone. Wiile only two flashlanp systens 102, 104 are
illustrated, a onal systens may be e oned for exanple, the
passagew&y 100 nﬁ?eb§r§éﬁ9§uﬁ§6étgeby chRIbEN 29 nayrke Arrangsd e case,

the I'ight egittgdpef capht-heef Faohl 2HB wibams 1ikht sslirestash teyards the
bi ol ogically derived conposition as it passes throuq: (or resides in) the

passageway PéévePHeFEBycPWBEFR&&PPn§heFFFGs§§Qﬂu99ﬂ R ke obt i sns
or toxins cesugceedod( t baeai nagnaéoacaabwatl T@rphotampcd | e abl e proteins

t hat b t. Ad t t 110 12 f
thg paggge%ﬁggggl Ssg&?% a? ﬁg%iet hé°¥oﬁ$‘8§ r%g ejﬁg#%dets? ea'f%% 11: sgr ead
into a_upinlﬁapErsonheee294 faomhltae|ngmeppmﬂmqm(ﬁeiﬁqaunﬂatedy of the
conposi {i 0nphgsiagt BELBYLECENE! glhrreY5acHREN t%ﬁgfﬂ&%ﬂ@ ey rsa atively

non- transpa ent a Iu te wer e des

fl ashl anps, cisEudakapl betyﬁrzyl tbevdight payssgerRPf arsd thmmaﬁﬂ:gx the
upper plates géﬁeeeegfbgeg&§g3n155|ve and the lower plate m ght be opaque.
20 FIG 2 s%oms ‘a schematic view of another exenplary apparatus 50 that
may be enpl oyed TBei ARamehsrecfuthe EsrpéTENtofhaTRRGI Hy ¥V I onol ecul e

of intenestdepending upon many factors including but not limited to
the specific absorption characteristics of the composition:
to be treated, the physical and operating characteristics
of the iight source 204, i.e., flashlamps, and the degree
of product mixing between pulses, i.e., flashes, of light.
20 The treatment chamber 202 may include a reflector assembly
as its outer wall or as an external reflector, in order to
reflect illumination traversing the composition back toward
the composition flow path. When an external reflector is
used, the reflector assembly may include a quartz (or other
25 transmissive material) cylinder (or tube) inside which the
composition is circulated and outside of which the external
reflector is positioned.
Some biologically derived fluids, either natural or
following dilution, may be relatively transparent to light,
30 including significant portions of the UV spectrum, so that
there will be relatively little attenuation through
absorption in such compositions, as a result of which the
flux density decreases largely only as a function of
distance from the light source. Other compositions may
35 exhibit significant absorption, and flux density will

additionally decrease as a function of such composition's
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suppl emented wth al bum n. The apparatus 50 conprises a reflective,
cylindrical enclosure defining a treatnent 25 chanber 202 through which the
conposi t ivemof/fwes surrounding a pul sed |ight source 204. phespul4ssd | i ght
source is a high powered xenon flashlanp provided with a suitabl e power
source (not shown) in accordance with conventional practice for flashlanp
operation. absArptdird ciHoselvasr,ort ramsm i2@8 widyt odl thHehednppyeitien D& t he

conposition r i t t yen r, 202 j relation-to.the pulse
repetition P%?e%o%?’@tlh%%ﬁﬂy g%drﬁ%l éh%%%rggﬁrlgé %’(#f%slgn} ﬁgﬁ ,re&ulrefcn%a'?% tinme

t he conposi shonldedisgawe widegua tiehd Llugdmadritone Kwiomghzat, . alIn giny he
product tha ass : K i Jy.ed 1 ned, n er of
hi gh-1i ntensitetvé?itgho%rz'?-% ulr atd?tgﬁngmgllsﬂ‘esﬁg?(?%?%ﬂg&g'n% 5|b|:’L4 %ﬁ)"{l?l %%’0%581@

PCT/ US01P049:3 ISy chPENBYER #FgheWi &S albt 08H- 3BevEr AmRSVvd/¢mgeneral |y,

t he al bum nasgepladiRNiced iplois@n oFeithe tinqamshatildn Re-exmaee) t g ough
t he chanber at a falfgv% rat.e 0'5‘,%%0:# 1-4 "“ﬁ%@%@%ﬁ}ﬂf@mowet '
treatnent cRERGEX B E& 10ed, b@gu@&ou&s & 9M%m t he pul sed
| i ght sourcal2@4niadivelgyver inhedddtposi,t mdxinker e.g.f tunmaAdmctf hewf he
i ght .sour . . hi d,. .for I . enpl qying, a
qug'rtz jack% O%gié (ﬁ%%ﬁ}zr{goyyll?’%ggr Ltg’\régur,? 1t ﬁf%g‘r%pifgﬁl%g(?ﬁ%% %-fgw?h t he
conposi &Ponisesupiecdecedo thesides iveds numbelre ofu@ulsegsachst .£1a00l i ng wat er
may be cir ‘iHS%h%Citgﬁtt‘éF%%htﬂé‘%e' gt d%%‘i%%% 44 o&hﬁe‘%? gpzf jacket, if
e rof a |1 1 epe

desired. Th I amet t he treatnment chanber “wi vary 1 ndi ng upon

many fact or Patheggd dgastd vasdon gkt faotein phodeeaictiiyadiisstpt i on
characteristics @hitike thMFgishilamhp ©04ba st neahedq ke HMasiGAlofNthe
operating charagt e S Gy 203° iﬁl e 398a58t22%s0 oF Fra.2Y) RS §nd
t he degree pp ° ’ .
15 shows that one or more flashlamps 256 may alternatively (or
in addition) be located externally of a treatment chamber
252. A preferred design is shown in which the albumin-
supplemented composition being treated is conducted through
a treatment chamber 252 employing a transmissive treatment
20 conduit (e.g., a quartz tube) 252. The treatment chamber
252 is positioned along one focus of an elliptical
reflector 254, and a flashlamp 256 is positioned along thek
other focus thereof. The flashlamp 256 may optimally be
jacketed in a quartz tube to water cool it. Because the
25 1light pulses are focused by the elliptical reflector 254
toward the center of the treatment chamber 252,
compensation is provided for the light absorption of the
composition being treated, so that the entire volume of the
composition flowing therethrough is subjected to uniform
30 1light treatment. In a variation (not shown) of the
embodiment shown, multiple elliptical reflectors, each
having a flashlamp at one focus and the treatment chamber
252 at the other focus, may be utilized if desired.
While various apparatus useful in practicing the
35 methods of the present invention have been described, it

will be appreciated by those of skill in this art that
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of product m xi ng between pulses, i.e., flashes, of light. 20 The treatnent
chanber 202 may include a reflector assenbly as its outer wall or as an
ext ernal webl/smsdr, in order to reflect illum nation trareT/ssoig4ise
conposi tion back toward the conposition flow path. Wen an externa
reflector is wused, the reflector assenbly may include a quartz (or other
25 transm ssiard oust @tihay) appdrmdars ( arnd liid)ng nsonlei wdt bné hef €parposi ti on

is circul at d t si.de of ' e externa flector is sitioned.
Sone bi ol ogleég’é"l%{%f d%e%rclszjvlgbda (flaf:%sr,%:ekli%]hel? na it]tr%aﬁnéotfelv?g’( ?%W ?f&gg‘?Y i on,
may be rel affioreitheseamppasds tand ights, B iemlaldiyngecengemplated portions

of the W speglliym so that there will be relatively little attenuation

t hrough _absorption in _such conpositions, as a result of which the flux
density &ecreasedn SUFd \trsatment ARRAATWH JISPLi k3 oken remploned ¢t

source. O hgn 1e@iRRYd iaHE tHdrely dddt ta 3181 dd Lt 1 pOgOF Pré@n, and fl ux
density will addi,ti.onally decrease as a fuqctlgn of, such conposition's

-15 WD 01/ 5568885 F43 1 ce 3 feED ASFE1Ye PRIRUSRIQY of the
conposi ti onchemieall dendirerfat texdnple paimr iaid foobactesia efbecdtance
shoul d assur. equ ' ' | on [ . vent , desired
nininunlflu%% §§S§t§%&gkg{%ﬁgg%%§.0}§H3$H%hgﬂg j#@%ﬁ %ﬁg%%%n %é??% as 0.1
or aboufl00. 2omprdises dddamingt iy tte Rilposn-cfuppleenénted nat i on

treatnment) i f-&r i [ T, ti@ﬁﬁ'§%??
Al ternative yoc%pbﬁr?%%gg% %qécﬁ‘}grﬁﬁm n ,6%1%%?%%# g‘%}%?@w s%ou d Scur to
i nsure that a@ Lngensidy 19ff @bheignpt rakawdd 0P 3 I Lamj edref erabiliye agesi red

number of puleget ABbY WX o9 ANt hoke pebirayaniipe adesided deRuee oQks! evel
of pat hogen |n§ct|v5t|on or protein ph activation. Wile the flashlanp

t -
204 is | ocatd@™ nt @PAalP§toPr ﬁ&raPFXaﬁgeﬁFaéﬁa Rt @2 5 W /e JPpeFeilis 50
of FIG 18, Eh@ edergy intensity is measured at the surface of the

composition being illuminated.

The light pulses are preferably of very short
duration, and pulse duration may be fairly widely varied as
it is essentially an artifact of the flashlamp being used.

20 Pulse durations not greater than about 100 milliseconds
(ms) are preferred; durations of not greater than about 10
ns, e.g. about 10 ns to about 10 ms, are more preferred,
with pulse durations of about 0.3 ms being commonly used.
In addition to the pulsed light being of high-intensity and

25 short duration, it should be characterized as incoherent,
polychromatic light in a broad spéctrum. Preferably, the
light includes wavelengths from about 170 nm to about 2600
nm (i.e., frequencies of about 1.8x10“.Hz to about 1.2x10
Hz).

30 The time between pulses may be very short, e.g., less
than about 100 ms, so that a multi-pulse treatment of an
albumin-supplemented composition can be completed in less
than a minute. If the treatment is of a flowing product
being pumped or otherwise circulated (as opposed to a batch

35 treatment), it may be desirable to provide a plurality of

flashlamps spaced along the flow path to permit a faster
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15 shows that one or nore flashlanps 256 nmay alternatively (or in addition)
be | ocated externally of a treatnent chanber 252. A preferred design is
shown i nwibokeoshe al bum n- suppl enented conposition bei npct/Us@t®@di3 s
conducted through a treatnent chanber 252 enploying a transm ssive
treatment 20 conduit (e.g., a quartz tube) 252. The treatnent chanber 252
i s positionegatkeond @newd.oc$uchf shorel tirehiteent rnefeciori Particubar

flashl anp 256, s_pasitli d,al ther fo eof . S
256 my opt | RRPEY B tFARtet S e ot CRgEA Aoyt HETHEME ¥ e lhgotnars
the 25 |ight cpokeat efe acddyeepaphogiemselin picdegias)}lactder28a4d toward t he

center of theohbeahPadhChaieh £32atncMRERFHID T d il HGHL ot NC

| i ght absorptioh conposition being treated, so that the entire
vol ume of 5t heompdg§&siti on fl owi ng therethrough is subjected to uniform 30

Mt pl e ol |t Lol B e Y T aohann o1 oo fopus and
nui tiple elljptical, reflectors, each hayi,ng a flashl anp at one_focus an
the treat nenplelltaﬁﬁé:ra(ilﬁ%fle&twleﬁe C&Wé’rsl%dé’g& %fcffém{ﬁ)?rﬁezéﬂl?? WR&ired.

Wi | e variﬁume&nbasahu&eumefmhd entizet volune lef Ionpidiodsonf shdel@resent

i nvention have.,been cri bed. .t il ' 1 skill in
this art t hatﬁl}lf‘gnﬁ%%al/asc@ IBC?/S\L,J%B’_F/S%%)}%% : ﬁ%ﬁ%ﬁ%e&%ﬁ%}& us,

i ncl udi ngocophilseti dighsf. t Mhusabdve ayedcr ierkinsarikminationt Eromtivel y
be enpl oyed rkaeh&hesggréurg%%%%eaw IeheS comffp AR ooy opbated, berein.

5 In such treatnent “apparatus, BSPL is often enpioyed to illum nate and

t her eby t r eash@uidobggicomtiaingsy bvemategigdsithadn ks sWdikeienelXont ent of

active pat hogeRnehisehed ¢ Hs®t;Nmds@ pPeFdabI | Ufa ttdidi £1s bagt B84ge by
at least a factor of ten. Preferably, th reat pjpent net hod 1? cgn?rlsgs
i 11 umi nat i ngaPREtaBRGNTFANFIISSHs &§, such broad-spectrum pulsed ligh

15 are employed. Examples of suitable materials include, for
example, polyolefins, such as polyethylene and
polypropylene, nylon, quartz and sapphire; the “598 patent
discusses various additional polymers suitable for use in
contracting pulsed light treatment apparatus.

20 Different materials may be preferred for forming the
containing material depending upon the particular
configuration of the pulsed light treatment apparatus in
use. For example, where the treatment apparatus employs
closely spaced thin plates through which the biologically

25 derived composition passes, such plates are preferably
formed of a relatively hard, transmissive material, such as
quartz or sapphire. 1In contrast, where the treatment zone
is an intravenous tube, a pliable polymer material will be
preferred. '

30 In addition to considering which pulsed light
treatment apparatus to use and within which material to
contain a biologically derived composition to be treated,
certain characteristics of the composition itself should be
considered. For example, the transmissivity of the

35 biologically derived composition may be a factor to
consider in insuring complete illumination thereof with the

...18_



bi ol ogi cally derived conposition with pulsed light having an intensity of

at | east about 0.01 J/cnR, preferably at |east about 0.05 J/cnR, nore

pr ef er ablwo at/sdoemst about 0.25 J/cnR, and nost preferabl pcaUSéaESE3 about

0.5 J/cn2, wherein 15 the energy intensity is nmeasured at the surface of

the conposition being illumnated. The light pul ses are preferably of very

short dur - sHEbtiis g M@dlpi% heoderdr y awelel yevaried as it is
ashl a

essenti al | an artlf f the fl bei n sed. 20.Pul se durations not :
greater th lgd'ré) l’l"r%%%o?l%‘%p“(ﬁﬁmérr% %b T red?uGtfati ons of not
greater thajraamtﬂssliwlm,t@.lgroabmped&m pmlﬁrbullql@tms;tale nor e
preferred, i.th l,se d W2

addi tion t(?etvécr?e p%jstg'ba [ ll‘*ér%g?lng{ o‘?gﬁﬁlf?pllﬁ re?uﬁs %/gg%]gengggll%??§ggtr:¥tlon
it shoulsd bﬂaeﬁmmceremsdr@stha\tMMte bblyminabbencisi aahieved. br oad
spectrum Fn’foezfe%@éw tl’%@etréﬁ&piséffﬂﬂge&f V@Vlgic?f@%f'éaﬁ?”aéPﬂUédlm nmto

about 2600 nm (1 reguencl es out 1 to a Qut 1.2x1014
Hz). 30 Th@qmnﬁf.sﬁ'et%eq!ﬁlblﬂ%’é%rﬁrhwb‘%ev%‘?lﬁ%‘f'ﬁﬁtbyesbmplFegé UERSR - about

100 nms, SO Aditopy éldplthﬁﬂoﬁreé&mmu@é &8 wel buas ntéumaiqaagt €dr

t b t ed | t f
O out no FReEARSY Gor R ERpERe bR or LTl (Pl Fuehl, pREnCREBLIERR,' S ©
batch 3 t reskerigwnit nmay be desirable to prOV|de a plurality of

pasniams SPaceh 1 Ohile fhP"bRAMNL 01064 ind ERSERE bi&fo??cgy 59085

PCT/ USOL/ 04113 r reatne I'n particul ar
shar p contr&cnlvrtmemﬁt@fblemkhemnleeQﬁod@t©¢e$bd%h$ngthﬁesu§9 aanted

active pal NOGRISS L1 &Y 1§9é8%%¥t9§r1:89§8%£0@9§fié?@ﬁt whbGR ik ¢at ment s
often requitea hours to 5 co n order nost efficiently and
reliably t rasided to the composition to be treated so that the

15 concentration of albumin therein is at a protective level
so that the biomolecule of interest preferably retains at
least about 50% of its bioactivity, more preferably retains
at least about 70% thereof, still more preferably at least
about 80% thereof and most preferably at least about 90%

20 thereof. Very generally, the addition of greater amounts
of albumin, so that there are higher concentrations of
albumin in the supplemented composition being treated, will
result in greater retention of biological activity; on the
other hand, too high concentrations of albumin may prevent

25 the desired level of inactivation of pathogens or other
toxins from being achieved or may require higher energy
and/or more pulses of BSPL to achieve the desired
inactivaﬁion levels or the desired level of activation of
photo-activatable proteins. These trade-offs will be

30 apparent from the laboratory data that appear hereafter.

If desired, samples of a biologically derived
composition to be treated may be supplemented with the
desired amount of albumin and then diluted or treated
without dilution. Three exemplary methods of introducing

35 the biologically derived composition into a treatment zone

for the pulsed light treatment are presented in Figures 1 2
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bi ol ogi cally derived conpositions in accordance with the nethods herein,
the entire volunme of conposition should be illumnated as fully as

possi bl e oy ot/h@8dr oad- spectrum 10 pul sed |ight. Thus, to peDUMI40BKI NQ
illumnation from reaching the surface of the conposition being treated,
it should be contained by material that is sufficiently transm ssive to

BSPL; nost prefera , Jhaterd.al.s at .l t % 1 SSlVve to such
br oad- spect EU% g‘m gé Iﬁggﬁg#?lfrné gﬁ&%%yéﬁyaenﬁe‘%{%}?%fﬁﬁg materi al s
i ncl ude, fostiexdmgl amaypdieyoissfd.ns Foddeiviang poteatinsnencoptipnal

pol ypr opy! eetspa%k%«ﬂ S h g@pfﬂé erddiaed98 patent discusses

various additfonal polyners suitablé for use in contracting pul sed | i ght

treatnent appar afPecifg cpiemhaddments af AWPWRF el O SFFReAE tRAve desmg
t Eg pclonkgl Pbgﬁtﬂ?’w Luﬁl't}itj%tdid%? tepFrddie zoaarFﬁci c3) arIx|1 aedn gur at ihon of
ul sed i reat ment_apparatus, . i.n _use., For exanplge re the

t r eat ment aﬁﬂgﬁgf’eézlé’ﬁﬁl'ogg‘épcq%sg}tslﬁébé(f tﬁﬂ?‘iff‘é‘f%@ Jt'm‘\é\t%heMi ch the
]E)i ol ogi c?l I xralsltd@ﬂt?/%#mrqmainé drgatssas, chambext dbye spaneing efleralgly

ormed of a_r tively.hard,  transm.ssi terial, .
sapphire. TR SR S5 Silflalr (RIEGH OB Witk citdldasn
pliabl e pol preanmeldripdlicall |tusatnendf @ppadatdts 4 n RerferablY cthersiler i ng
whi ch pli'oseﬂt: hahkt farteg}e}ﬁe o BRPAHEAES tiHe UohnFewhi oM s Wi Bl i €sdal to

contain a biologically ved conposition to be freated, certain

char act er | sb¥cPudsechd idghtpodias ¢h smadd) engish A Ne stk ddhe For
gxamo!c e, tt h%{&rﬁe@w §>§1 WHe/ dﬁmﬁdﬁt&%rbii@l qg.ilﬁ.QHﬂaQ&lj ved corrpos} ti onhmaK
e a factor to consider in insuring conplete i nation thereof with the
-18 WD 01/ 59085 PETAASEY (FEPF"BHoad: n@&"r]tﬂﬁ’p‘iﬂuﬁe’ﬂ %?ﬁhY‘?gHomever, even
if a biol ogomplosy tden \ied dionjpsd tiirmio el dtainee Yedsic®ll quantities and
15 placed within one or more appropriately transmissive

containers within a treatment zone and illuminated with the
“pulsed light, with optional stirring depending upon the
composition. In the alternative depicted in Figure 1,
plate flow apparatus employs two closely spaced, thin

20 plates in the passageway between which the composition to
be treated is caused to flow. This alternative permits
treatment of a significant volume of composition at one
time by distributing the composition into a thin, wide
layer. Other suitable alternatives may also be used.

25 Following are some specific examples of inactivation
of specific pathogens by illumination with BSPL employing
various of the methods described herein, together with
examples which illustrate the protection of various enzymes
by albumin when exposed to representative BSPL treatment

30 and the effectiveness of BSPL to kill E. coli in the presence
of such protective concentrations of albumin. It has
previously been shown that BSPL is effective to inactivate
SV-40, HIV-1, CPV and BVD, as well as FE coli bacteria in
fetal bovine blood serum. Data for two}of these

35 experiments is provided for reference purposes and is

followed by examples which show that similar inactivation
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transm ssivity to broad-spectrum pulsed light, it is believed that there
wll usually be sufficient reflectivity 5 therein to ensure that adequate
i1l um natwoni/s®sachi eved. NMreover, the transm ssivity oPCHUBal4otpi cal |y
derived conposition can generally be adjusted by sinple dilution.
Appropriate dilution techniques as well as techniques for optional
reconcentr gd&ird ol %é‘%ﬁéﬁﬂcﬁ@rﬂf vd 1 e BSAL atencdftyetioksons. Wile

there may be song | esseni i cal cul e of
i nt er est weHPYHE supph régh?iie§ﬁﬂﬁ)%ﬁt ?Pl%&é&éﬁ%%ﬁ 9% BELEHBER

suf ficient f&tnﬂaéEdSEffehkmhéot¢rprmxsqtmrepmnsemtaknveenreuesosuhat t he
5 oot LAt o Sla hEU T AL IR L AL e Py AL SEIEYELO6YERY BBLEDaLy! e
bi onol ecul e o} 1 nTeF

era retarns at |east about 50% of it
bi oacti 8t ywhemrecmsédarmlgatmwmsmmtvée%xneme%% t R8Pbof , st | I
more preferably at |east about 80%thereof and nost preferably at | east

about 90% 20 t hereof. Vérémﬁgnerall t he addition of greater anmounts . of
al bumi n, sOEXAMPLE hb} cINA BREON Y rations of albunin in the

SUDD'enEﬂted Coﬂpﬂﬁité@ﬂlbe(ngccr@ﬁLeﬂ54zyméfe iesthlatedgwéehecPret ention
of biological activit

and, too h| o epir ahiheng of
al bumi n nay( 5?%9%%T2%g7}h H%sY?EHSIe§ anyeshed: Y %?lgﬁgogg h%g%ﬁs or
ot her toxi#refeon beesgibiti eyedpathimyef fects e(GPBher snepyy ofnd/ or nore
pul ses of BSPL to_ach h e act hyat I o] red
| evel ot%acti¥4?idh® #ngﬁétgngc%#{slg %b%lg pé%t%l inrg”a Xﬁéésieﬁltnrggg{ag]cl 19 gﬂ\?\n
be 30 apparr0o% toohﬁ%hEBSaboratory data that appear hereafter. |If deS|red,

sanpl es of "a bio 9?%0812%15d§£éV§QedC?HP0€i€f99169 8¢ theatsaﬂ\F mey be
suppl emented wit esired anmount of al bum n and then dily

ted or
treated wicootainingtFBH: TEReemed&np| 8F§a nEPRoFEOBER |ﬁPP05€&P§&“§?qﬁua
bi ol ogi cal | yedgLy¥ede¢08P0Si Ei@AMi Bhppleheptéaenithope1okor the pul sed

light treatnent are Eresen ed in Flg

15 heat-inactivated FBS,
penicillin, and 2.5 mg/ml fungizone. Cell cultures are
incubated at 36-38°C in a humidified atmosphere of 5-7% CO,.

A 0.2 mL volume of CPV in E-MEM with 5% heat

inactivated FBS is added to sterile polyethylene sample

20 containers. Twelve replicate sambles are made. Nine of
the samples are treated with BSPL, i.e., incoherent
polychromatlc light in a spectrum of about ;70_gm*gg\about

2600 nm, more than 50/ of ‘which has a wavelengrhﬁhelgw
W

mg?ml ggntam1c1n, 100 units/ml

about 600 nm. Of these, three samples are treated with a
25 single liggz pulse, three samples are treated with two
pulses, and three samples are treated with three pulses.
Each pulse has an intensity of about 1.0 J/cm’. Three
untreated samples serve as controls.
After exposure, a titration is performed by preparing
30 ten-fold dilutions from each viral sample in a 96-well
microculture plate seeded with A-72. CPV is allowed to
adsorb for 1 - 2 hours, then removed from the wells and
replaced with fresh culture medium. Supernatant samples
are transferred from the CPV titration plate to fresh
35 plates for testing by hemagglutination (HA). A titration
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-19 WO 01/59085 PCT/ USOL/ 04113 and 3, and in addition

w th optional

stirring may be used. Follow ng treatnent,

batch treat nent

opti onal

separ at i omoof/s@mBdbum n may be effected. Specific enbodi nenpeT/wkotodorsl ar f 1l ow

net hods have been
al ternatives,

5 described with respect to FIGS. 2 and 3.
the conposition is introduced into the

In both
treat nent zone of the

treatnent cHanREeMT Wlauaﬁtnghéhbmugad)algupermsmem heraetongebed All

passageway

Pref erabl y Yh%r?ﬁb%nslﬁrﬁtp

wthin, a

ylind

prabee 3h BHadkupRittfe, b

treat

"PREER

aratu

BB RBE BR e

i 11 um nat ediobgapsl 868 thghprebeance sfaCPEecandgbr dcptetexichty.t he

entirety of
bi ol ogi cal |

t he

feae

FFETRos I LLoneh

]

(07

th! 1M

Ion IS

ghgdy

g

In batch tr

eat ment, the

|V|ded into relatively smal |

guantities and 15 placed Wi thin one or nore appropriately transm ssive
contai negs *%Bfénla %f@ﬁ%ﬁ@ﬂ& genepdngikhl ggppated with the pulsed |ight,
W th optlon stirring depending upon the conposition In the alterpative
depicted i jtfélgl'{@aée ol phesésdv appreat ub2eppioys two| gl pagkpsspacdd,
thin 20 plates in the Jpassageway] bet ween whi ch the conppsition to be
treated is chused to flow This |alternative permits treatnent of a
significant | ume of [conpositidm ajge¢ [NBE by distr|Butiendothe
conpositionfinto a thijn, wide Ifayer. O he} SU|tabIe alternati ves may al so
be used. 25 Foll owi ng fare sone specific exhfBF¥LV8FStnattivation of
specific p gens by | § nat i ' BSPLenpl oyi ng rious of tlhe
nmet hods des|ct1 bed here %%f oget g$'¥%%{P (gﬁples whi ch |?Iustrate t He
protection fof various gnzynes al bum n WEBEVEXPBHSAd §UF¥ﬂV@§§ﬁtat|ve
BSPL trigt Q 30 and he,effectrye¥g§ ng PL to kill coli in ths
presenc 0 uch protective conceh ong of albumn. ]It has previfously
been shown fthat BSPL ik effectivle to inact|eurgivors#* survivors*

AVERAGE 1x10° 3.16x10° [No 1.26x10°

' survivors#*

*The detection limit of this test was <3.16x10".
Post-exposure titrations are compared to the
pre-exposure titration, in order to determine if viral

15 Example 1

infectivity was reduced by exposure to BSPL.
shows that 3 to 4 log reduction of CPV occurred using BSPL.
The highest available titre is used in this example.
Greater reduction of viruses is expected when higher
starting titres are used, more pulses are applied, or the

20 medium is diluted to a lower concentration of protein.

EXAMPLE 2: INACTIVATION OF E. COLI

A sample of 15% FBS was inoculated with E. coli (ATCC26)
at 32°C, to a final

200 ul of
4.25
log CFU) was then illuminated with 3 short-duration puises

and permitted to grow overnight,
concentration of 8.8x10' CFU/ml (4.9 log CFU/ml).
i.e.,

25 the contaminated sample (containing 17,600 CFU,
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SV-40, H V-1, CPV and BVD, as well as E.coli bacteria in fetal bovine

bl ood serum Data for two of these 35 experinents is provided for reference
pur poses vend/s®ss f ol | oned by exanpl es whi ch show t hat si nPCEUSOIMECE3 vat i on
-20 WO 01/59085 PCT/ USOL/ 04113 occurs in the presence of different
concentrations of albumn. The final exanples then illustrate that al bumn .
i s indeed ebffebtriovae-ts@emtmulrgew q9ar Jtjoné /glakhi)nin adccdrdaivey ESch

from substaptia of, biol.ogical activity n exposed, to
bat hogen- i nibe, aetReReddescy M ertig,d dera Wik ROy Cot the s 72
cells (ATCCcGRposithpnawaa nddunlnau'atad .t hSeRda) M‘mﬂmnloiheom thse is

har vest ed WagRof896,60.6100%:07 ity GFldss BHUMHa Y HARAEALE SHACE18LLEPE)

St ocks of us are rozen an sto In a ne mcon al Nl ng
10% to 15% PBSo Atppdasd agare Pled@sf.or Bhe RdtRs dfeltmensquabed at

cont ai ni ng §B¥c Zha eBdheeyuaed 2foanar @t houtitd maintenance of A-72 cells
I's E- MEM suppl enented with 5-10% 15 heat-inactivated FBS, 10 ng/ m

gentami cin, 100 A&dites/ 48 howaisciof] |1mcuem¢lzbl’5 My e ne nB. codie Mas
0.2 vol ugE=SEVRRUER aBl, BLalis.! o val <ot SR B o2 Bl e
sterile pol ¢€UhyHeme ,sanpl dog2CFE0Nnt éahmsr s!‘-.eS‘Ierie@rrS;maM etkabpl es are
ol ychr Ot FESRERRNY Mhale ULt IR Labot 850 WikboSUE5us. PIOSE™AE mor e
t han 50% of pwbiadhshastauwaid ghe. &Mﬁeﬁ%mﬂbwm 608y nreddEt 18RS En
treated w t RERGEipd COOLeREd 1 HAed 3&%%&1'“ LAY 218 eboBul ses.
Each pul se Bag.an intensity of about .0 J/cn2. Three untreated sanples
serve as controls.
EXAMPLE 3: INACTIVATION OF E. COLI IN THE PRESENCE OF BSA
15 Five compositions are made up containing,
respectively, 5, 25, 50, 75 and 100 milligrams of BSA per
milliliter of deionized water. Overnight culture of E Coli
grown up in TSB (Tryptic Soy Broth) is added to each of the
five compositions such that the resulting concentration of
20 E.coli in each is >6 log CFU/ml. Samples from each of these
supplemented compositions are then taken and treated with
BSPL using different numbers of flashes and/or different
pulse intensities varying from 0.25 J/cm®’ per flash to 1.5
J/cm® per flash. Each.time'three‘duplicate‘samples are
25 treated, and the results are averaged. Three controls are
run for each BSA concentration and the‘results also
averaged. Following plating as set forth in Example 2 and
incubation at 32°C, counts of CFU were taken after 48
hours. The results are set forth in Table A which follows:
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Af ter exposure,
dilutions fromeach vira

with A-72vo@Pw08s al l owed to

wel |l s and

adsorb

for 1 - 2

atitrationis perforned by preparing 30 ten-fold
sanple in a 96-wel |l

m crocul ture plate seeded

hour s,

t hepCcT/®RODIVEL3f rom t he

replaced with fresh culture nmedium Supernatant sanples are

transferred fromthe CPV titration plate to fresh 35 plates for testing by

hemaggl ut i
RPNI(mnthoU?gbgeno
plated in quadrupllcate

ot

nmoni tored for

up to

Al

8 QHA)T éaHnEBEt beNE. ealt MR8 FETA USOLL04448 of

I's perforned as a control.

titrations are
10 days for the presence of

CPE and/ or gytotoxtetrty—Resutts—areset—fortirim Tabte L.~ 5 Tabre 1}
Treatnment off CPV with BSPL.. Repli&8CeSyRYIVAs 1 pulse 2 pulses 3 pu| ses
#1 3.16x102 3.16x102  surpivors* #2 1x106g3a 1ﬁ§ggg No No survivorp
survivors* |10 #3 3.16x102 No No survivors* surV| rs* AVERAGE 1X106
3.16x102 No 1;26x102p1&sﬁugv vers* *The2detectiomdinmt of75 hislodst phas
s3.16x10 . (Pest=—exposture tT{TatTons pre LUde ed tOo tNE_ pr e-iYﬁU§UTS
titration, ilreether|t8-Beterhfmd if v|Fal 15 imfedtivitlSuds reduced by
exposure,to Q§P Exanphe 1 hgws that _3 to 4|lQg redugtian off .CRV
occurred”usilng"BSPI T e_hL;EesL—a¥a-LabLe H-e—-s—dsed—a—tiH pl e.
G eater reddadi®s of Vviepuses|as3expected-when hi-girer s{a~t+ ng|titres|are
used, nore guises—afe apptief, Or the[ 20 mediym s ditfited tofa I owel
concentratiqrP o prptei h. EXARPEE 2: | NACTI VATIONTOF E [ GO0 A|Saipl ef of
15% FBS was |&p§ula\ed wi th Excal iy, (ATCC26) _— _— _—
1.0 1 N.S.***% | ——- -—- -—- -—-
10 1.0 2 N.S.**% | ——o - - -—
1.5 3 - N.S.**% | N.S.*%x% | 4.7 5.2
1.5 5 -—- N.S.*%*x | N,S.**% | 3.0 4.4
1.5 7 - N.S.***x |N,S.***% | 0.6 3.6
*Joules per cm® per flash
15 **No Treatment
***No Survivors
The results show that there is 6.6 log kill with a
single flash of 0.5 J/cm’ intensity in the presence of 5
mg/ml of BSA, greater than 5 log kill with two flashes of
20 0.25 J/cm®, and a log reduction of nearly 4 with only a
V single flash at that intensity. When greater
concentrations of BSA are included, i.e. 25-50 mg/ml,
complete kill is achieved by 3 or more flashes of 1.5 J/cm®
intensity. At concentrations of about 75 to 100 mg/ml of
25 BSA, additional flashes are required, but log reductions of
at least 2.7 are readily achieved.
EXAMPLE 4: PROTECTION OF ACID PHOSPHATASE BY ALBUMIN
Lypholized acid phosphatase was purchased from Sigma
Chemical Co. (St. Louis, MO) and reconstituted in filtered
30 deionized water, aliquoted and stored at -20°C until
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and permtted to grow overnight, at 32C, to a final concentration of
8.8x104 CFUmM (4.9 log CFU M ). 200 E.tl of 25 the contam nated sanple
(cont ai nimg 015908600 CFU, i.e., 4.25 log CFU) was then il | pat/watiedisi th 3
short-duration pulses -22 WO 01/59085 PCT/US01/ 04113 of broad-spectrum
light (1.0 J/cnR/flash) in accordance with the nmethods described herein so
that the enheeaes.of Ablpeoxq&ﬁmaiyt izcsnums (illriwfiﬂw&mhalsermads)didmti ons
(lox) of the__sanple we 48 élit 05M4¥1 hat e buf Ler nd plated 5
onto standaPBZ¥fSr wBFaPE? ?‘Iﬁ'e EERREFE ey ayteatPaﬁ 3 counted at
24 and 48 hdiletiAft ét 4dtloeithelr ifiddleatedorie i isaediwatrey Eerccﬁ imoasl
observed on aRYyg g&ﬁEQ% s@ven a sensitivity level of 20 CFU (i.e., 1.3 log
CFU), this Pest gnonstrated that 10 treatment of E.coli-innocul ated FBS,
with jusd 3-pul sErestmentoydss gaguries ouFhoy dsiliumingting ®ach sanpke
reduction iyjtRagkeql ﬁ'av%@t %tcen@fitiiéso fChl) 5 glr.ch?, 04, 6FY/Emd- &r | 995
CFU.) EXAWPLE 3, 1 NACTI V. IN THE RESENCE OF BSA 15 Five
conp05|t|ong/ﬁpelWEEefh%sEontéPﬂPﬁﬁs w?E@pEE?P$§@yV1§h ¥B, t805 PHISRS 100
mlligrans gk B$4neer ATl lel)dpeh:ﬁline@xftsdeﬁe(i'@ ZRe frringed . irDwaripoidatoelldnd e of
E. Coli grogpl ug in EB :)Iéptlc Soy Broth) is added to each of the five
conposi tion SuERSEY Sltlng concentration of 20 E. coli in each is
>6 |og €U nl . SZhel estfivityeadh thfe teheyme swasplasrsstest lmjinmasilté ciisgyTea e

t hen taken PL iqn f ‘.{%gga hes and/ or
di fferent nggé5?29§%5|l%%§15§ﬂ ﬁ%ﬁ' g%##(##ﬁ?ﬂﬁ Ias to 1.5

J/cn2 per fpagnedgareh #Liodat-hr @@Wh@a@@@é&ﬂk@far@lezilﬁaéﬁcb@nmmt he

results areg giﬁs&aged,aswo%a%@t rt%l $he @ntridh e SHUEJSA HRpcentration
and the results also averaged. Fol |l ow ng@pl ating as set, forth in Exanple 2

and i ncubaeXBregsedoes @persestageyafetha gantrgk actigity. The
15 results with and without BSA are set forth in Table B which

follows:
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hour s.

The results are set forth in Table A which foll ows:

PCT/ USO1/ 04113 Table A: Treatnent of E.co/i

6.2 6.3 50.2512.9 ---

0.5 2 N S ***

-23 WD 01/ 59085

suspended in BSA sol utions
LOG SURVWAL1/BBSS ng/ M J* Flashes 5 25 50 75 100 OCntl.
0.25 2 1.

NedT/US@EL/0A18. 1 6. 2
. 0.510.1

3 ---
1.0 1 N S. ***

10 1.0 2 N. Sable B:- -Acid Phosphatdsed and SeSm*Albusin** 4.7 5.2 1.5 5

cm per flash 15
Is 6.6 log kill

NS *** NS *** 3.04.4 1.57 ---

N. S *** NS *** 0.6 3.6

S
hsh of 0.5 J/cn2 intensit
5 qu ki IReGRYSrY wo flas:]es of 20 0.

*Joul es per
show t hat there
In the presence

of 5 ng/m of B$A, 25
J/icn2, and a | og|reducti %@ opl e frn Spew! ¢ flash at that
intensity. Wen |on§sg BSA A dind Yy yd gd, i.e. 25-50
ng/ M, conplete : he 1.5 J/cnt
intensity. At co cemtlat DO nngO%of 25 BSA, additi onal
fl ashes are requifTed, 0g T eajrctrions, of T |eas% are readily
achi eved. EXAMPLE_4°: SPRCTECT ON_OF ACl (P PHOSPHATASE4BY ALBUI\/I N Lypholized
aci d phosphat ase|wag, purichasgd from Sigga Chem cagggo. (Jt. Louis, M) and
reconstituted inpHtered—30—detrprtzed—watert—aguoeted—and stored at -20C
unt i | 0.5 3 60% 86%
0.5 4 54% 82%
0.5 5 45% 78%
1.0 1 62% 92%
10 1.0 2 37% 83%
1.0 3 23% 70%
1.0 4 13% 65%
1.0 5 7% 57%
1.5 -1 51% 85%
15 1.5 2 21% 74%
1.5 3 11% 62%
1.5 4 6% 53%
1.5 5 4% 45%
*Joules per cm‘ per flash
20 Examination of the results shows that the presence of
a concentration of BSA as low as 5 mg/ml provides extensive
protection for the biological activity of acid phosphatase
when exposed to pathogen-destroying BSPL as can be seen
from these results. Whereas this enzyme would suffer a
25 very large loss in its enzymatic activity from subjection

to the amounts of BSPL used, very substantial protection is
provided by this small concentration of BSA, consistently
without regard to the intensity between 0.5 J/cm® to 1.5

J/cm’® and for amounts varying from 1 to 5 flashes. It is
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-24 WO 01/59085 PCT/ US01/ 04113 needed. Approximately 25 UL (internationa
units) of enzynme was used in each experinent, by appropriately diluting
it into avohesoosi | tered deioni zed water or 5 ng/nl  BSA spCDUS@INE1135
Treatment was carried out by. illum nating each sanple w th BSPL having

I ntensities of 0.5 J/cn2, 1.0 J/cnR or 1.5 J/cnR per flash. Sanples were

treated W t8xpactedaStadksene Qhclughbn Al héyhel Foncent®at iResf,0d®Ri i n
triplicate ﬂ d thg resu&ts aveég%ed. 10 Thﬁ activi%§ %. t he enzyne was
assayed usi g pgém Pgﬂgu B §§ﬁg FcSVAPKAPF B?rA8F8 o lIg'rnbsphatase Kit
(Sigma procedure #104). Recovered activity of the treated enzyne sanples
was conpare egyunt I rcent age of

t he controlgéégF%?tﬁf ngggg%égggggg @%?ﬁﬁgﬁgx%ﬁﬁﬁggﬁTaégaggg set forth in
Table B which .follows: - 9085 PCT/ USO1/ 04113 Table B:. Acid

Phosphat ase and Serum Al bum n_Recover Wthout Wth BSA J* Flashes BSA
(5my/ n )5 Ontl. BYPbedizedupdkslingophosphatageswasgpyyrgbased $rems00, 86%

0.5 4 54% 8g8YemA- bhemie¥n /8¥. kst .1163%&692M0j0ahd0récdn¥tdtutel An3 23% 70%
1.0 4 13@66?Z%onstitution buffer containing 10 mm Tris, 50 mm NacCl,
1.5 mm CHAPS, pH 7.4. This enzyme solution was.aliquoted
- and stored at -20°C until needed. Approximately 83.5 U/L
10 of enzyme was used in each experiment, by appropriately
diluting it into either filtered deionized water or & mg/ml
BSA solutions.
Treatment was carried out by'illuminating each sample
with BSPL having intensities of 1.0 J/cm? or 1.5 J/Cm’ per
15 flash. Samples were treated with up to 5 pulses of light.
All éxperiments were performed in triplicate, and the
results averaged. The activity of the enzyme was assayed
using the Sigma Diagnostics Alkaline, Acid and Prostatic
Acid Phosphatase kit (Sigma procedure #104). Recovered
20 activity of the treated enzyme samples was compared to the
‘untreated control, and expressed as a percentage of the.
control activity. The results with and without BSA are set
forth in Table C which follows:
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1.0 5 7%57% 1.5 1 51%85% 15 1.5 2 21% 74% 1.5 3 11%62% 1.5 4 6% 53%
1.5 5 4% 45% *Joul es per cmper flash 20 Exam nation of the results shows
that thewoessnee of a concentration of BSA as | ow as 5 pgr/kopuols des
extensive protection for the biological activity of acid phosphatase when
exposed to pat hogen-destroying BSPL as can be seen fromthese results.
Wher eas thipapaezyre WK isid fFfosprit ass Yandrgerdmsslbumins enzymati c
activity fromsubjection to the anounts of BSPL used, very substanti al
protection is provided by this small concentration of BSA, consistently

wi thout regard {o the thtensity petween 0.5 J/cnR to 1.5] J/cn2 and for
anounts varying|from1l to 5 flashes. It is -26 WD 01/59085 PCT/ US0O1/ 04113
expected that the inclupgion of higher canﬁ#ﬂY%ﬁYons e. c. 10 mg/ M, woul d
provide even fufther prptection. ’E>‘ﬁl\ﬁ€ E g: R(ﬁr ALKALI NE
PHOSPHATASE BY |SERUM ALBUM N 5 lLlyp bri2é [ ne osphat ase was

pur chased from |Si*gma ChélachlesCp. (SBSALOU|>,dﬁmgknkbreconstituted I n
reconstitution uffer ntai nrng (10 rrs, 50 gﬂgﬁgu , | 1.5 mm CHAPS, pH
7.4. This enzyng Bﬂntl on_wds. a. lli qudt®®F an -[20C until needed.
Approxi mately 8.5 WL [0 ofy enzyne \/\gggused |n epgdy expqgri nent, by

appropriately gituiinpgHt—into—gither—Ht+tefet—deron=zed water or 5 ng/m
BSA sol Btions. Jreatoenf was$ carifi ed d4# by | 1 unPB&t i ng leach sanple with
BSPL having intgnsitiesfor 1.0 J/C J7rCn? r 13 flash. Sanples
were treated w fh fpotol5 pdises|of I%ﬁ 9%

1.5 3 94%

1.5 5 12% 84%

*Joules per cm’ per flash

10 Examination of the results shows that the presence of

| a concentration of BSA of only 5 mg/ml provides extensive
protection for the biological activity of alkaline
phosphatase when exposed to pathogen-destroying BSPL as can
be seen from the results. Whereas this enzyme would suffer

15 a 51gn1f1cant loss in its enzymatic activity from
subjection to BSPL, e.g. 1.5 J/cm’, very substantial
protection is provided by this concentration of BSA,
essentially making practical an intensity of 1.5 J/cm® for 5
flashes. It is expected that the inclusion of higher

20 concentrations, e.g. 10 mg/ml would provide even further

protection.

EXAMPLE 6: PROTECTION OF LACTATE DEHYDROGENASE (LDH) BY
SERUM ALBUMIN

Lactate dehydrogenase (LDH) was purchased from Sigma
25 cChemical Co., St. Louis, MO), stored as is at 4°C, and
aliquots removed as needed. Approximately 900 U/L of
enzyme was used in each experiment, by appropriately
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Al'l experinents were perforned in triplicate, and the results averaged. The
activity of the enzyne was assayed using the Sigma D agnostics Al kaline,
Acid and vRporsmss ¢ Aci d Phosphat ase kit (Signa procedur ePé¢l/08)1/04Rscover ed
20 activity of the treated enzyne sanples was conpared to the untreated
control, and expressed as a percentage of the control activity. The
results wtldidmt iwigt hHduti fBSA edirthexetf i lfterdd ide ikabl @edC whteh 65| omgy/mi27
WO 01/59085 3 Table C Al kaline Phosphatase and Serum Al bum n
Recovery P SO TP e BSA (5ng/m) Catl. 0 100% 100% 1.0
3 86% 100% 5 1. @r@atmnm¢8%ﬁ31qarrnad%a%ﬁ%szIixpmxnetume @agh5sampd 4%

*Joul es per wci'%‘hp%rsﬂﬂ 2 iHYy @@Trﬁ@ds‘l’%y‘)foft *1? g %ﬁfﬁrﬁﬁ SOPVE14LRT the
presence of concentration of_ BSA of zéniﬁ? provi des extensive

protecti &n \G@F“R]ﬁ‘@ medeo Jireates: iy Wibftc’alfk SREphighte wWhdh exposed

to pat hogened@eirigwents Reltle Ferd@rmdie iveat figliedthe, rasdl the Ybeneas this

Cub) acton AYeBeSEd-c. o SN A e AOMA 5 rotied; taing the”

provi ded bystzlqm @maxgmdstaicsorlam‘talﬁ%Detqsﬁm’geraiéq kit (gigmacti cal an

i i fon 5 f f
i gher 20 cBECSAOHEH dedth” RN ed gt 3 PHPRE TAC Kb afeq ehiFhe" ©
BT ot 6Ct 1160, SEXIRISE WSS RRDEEERAON O HeAGTATE 29e4 [ROKENAEE w@)H) BY

expressed as a percentage of the control activity. The
results with and without BSA are set forth in Table D which
follows:

Table D: Lactate Dehydrogenase and Serum Albumin

- Recovery
Without With BSA
15 J* Flashes BSA (5mg/ml)
Ccntl. 0 100% 100%
0.5 1 27% 100%
0.5 2 13% 100%
0.5 3 4% 92%
20 0.5 4 0% 84%
0.5 5 2% 74%

*Joules per cm’ per flash

Examination of the experimental results shows that LDH
is an example of an enzyme that is highly susceptible to
25 1loss of bioactivity when subjected to BSPL at as low an
intensity as even 0.5 J/cm’. However, inclusion of a
concentration as low as 5 mg/ml BSA in the composition
being illuminated provides complete protection of the
enzyme for two flashes, recovery of more than 90% after-
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SERUM ALBUM N Lact at e dehydrogenase (LDH) was purchased from Sigma 25
Chem cal Co., St. Louis, M), stored as is at 4C, and aliquots renoved as
needed. Appoozdosately 900 UL of enzynme was used in eachrerpsoi/oaerst, by
appropriately -28 WD 01/59085 PCT/USOL/ 04113 diluting it into either
filtered deionized water or 5 ng/m BSA solutions. Treatnent was carried

out by ill ltl_glrlé%t G PR FFEer dﬁn@i@_m\ﬂ paftdrnoly Hiaghés)/ cn?
per fl ash.

I'es were treate 5
exper i ment §‘\ﬂerr@°|5é’refr(¥r Pd ERLY, F?vg fuq"han&“ﬁ?wq?l sullotaétl’%g' A%chi The
activity Ofthfeh% Ry Fusay e ashawn tl‘im@egmanpj@gwo‘s\ﬁ%éat'a%t ate
Dehydr o ena Kit C r te i he
ydrog e(slir%\@spr\?\a TEG/AUE IﬁQ@deﬁe PR B ey éﬂzfﬁeé

treated en S conpare ot untreated, contro and :
expr essad zts;aa: parec grardgewfantly sengitoiveda whis PAEieekd¥ts with and

W t hout BSA T3l dqWwhich follows: Table D Lactate
Dehydrogenz?sae o%%ée%ﬂ%)}lm Recovery Wt hout %vlzaﬁ_ SA 15 J* Fl ashes

BSA (5ng/m) CWhiley titm%rmcm%l@ sher e, diRLoe 95980% 0.5 3 4%
92% 20 0. 5&&471%(3 %&ﬁ%&é%pé&mﬂ@%ﬂwamm dhasappXx acahaohen of
nment

t he experi results shows L"c IS .a g&a{g)% _1[;' epgaypeagkhat is
hi ghly susddmnenfe trﬁ“ﬁ'?‘b%sm?i# %’r%aa 19RA ﬁf“g\h‘gn su fe‘g e%gn égﬁ at as
| ow an1g thereto, by those of skill in the art, without departing
' from the scope of the invention as set forth in the
following claims. The disclosures of all references and -

U.S. patents are expressly incorporated herein by

reference.
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intensity as even 0.5 J/cnR2. However, inclusion of a concentration as |ow
as 5 ng/mM BSA in the conposition being illum nated provides conpl ete
protecti owoof/sdoB® enzynme for two flashes, recovery of noreTUR@M490% aft er
-29 WD 01/59085 PCT/ USOL/ 04113 three flashes, recovery of nore than 80%
after four flashes and recovery of nearly 75% of the biological activity
of the enzynme after five flashes. ThiCLAXMBple illustrates the excellent
protection provided by albumin to enzynes 5 that are particularly sensitive
to this particular pathogen-destroying nethod. Wile the invention herein
di scl osed has bedn dés@ﬁgb@é B REQ&ECHANGpAc AR SreTE A and

appl i cationg,pLPshe9ha AEGRRAHEiBRdWhigat reaucindy Wiid aid tsgesdic ber made 10
t hereto, by tﬁose.of skil,I' in the art, t.hqut .departi .fé m t he scope of
the inventi 8khaEwige FOXif FANERBL P& PolitRg OGSy fﬂ%]d‘ll séc)l osures of all
references agflpobibiofgt #htishamethodr esmpy iisesoier atexphev®i n by
reference. -30 WO 01/59085 .RCT/ USQ1/ I : : rotecting
a bionolecule from sBE?FéﬁﬂPgladgé?ﬁé§§§g%q®ﬁﬂgiﬁkﬁﬁ;ﬁ§? t ée%g?hogenic
or ot herw gentainingont pathofea birolothieratioxiderdndedt ckradsieB®n, which
Tethod cONPLi 383040615y eRRLqkePkbhbiagua i ol ogical |y derived conposition
cont ai ni ng pa ﬁogen r other toxin ang at’ | east one, biolqgically active

bi onol ecul e, addi ng ardding edbyaia &OMEEdi% ICOPRAF I RR £ CEEHLF ctrent ed
conmposi tiongy, glije'ﬁ.ghitaa Edmposiplonent ed conposition to Broad Spectrum
Pul sed Li ght SPL) tgu%%%%%%%&“@&%dp%5@%¥gké%fed composition to Broad
Spectrum Pulsed Light (BSPL) to degrade said pathogen or
other toxin, _
the content of said albumin in said supplemented
composition being such that said subjecting step reduces
the content of said active pathogen or other toxin by at
least a factor of 10 without degrading the biological
activity of said biomolecule to an unacceptable level, and
recovering said biomolecule in a biologically

active state.

2. The method according to claim 1, wherein said
albumin is added to provide a concentration of at least

about 5 mg/ml in said supplemented composition.

3. The method according to claim 1 further
comprising separating said albumin from said biomolecule of

interest as a part of said recovery step.

4. The method according to claim 1, wherein said
biologically derived composition comprises at least one
pathogen selected from the group consisting of viruses,

bacteria, Protozoa, fungi, prions, pyrogens and toxins.
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other toxin, the content of said albumn in said supplenented conposition
bei ng such that'said subjecting step reduces the content of said active
pat hogen voo ons4eeFs toxin by at |east a factor of 10 w t horcT/@sagr@adiang t he
bi ol ogical activity of said bionpolecule to an unacceptable |evel, and
recovering said bionmolecule in a biologically active state. 2. The net hod
according to clam 1, Théaietihod adctord ingrito i slatuel, twhereindeaad

concentration of at as I C osition.
5 The. ot ot Sreefiad B Gor SRR s fion Cohe P08 AL

al bum n frormsss obénlmméécﬁ@ncﬂhe|9ﬂt@ms¢°la%l%1tmﬁit°gfhﬁaﬁﬂ recovery step.
4. The met hﬁﬂm?r?&c?éfjiélﬂeﬂ% %ff&@l HIPRLE] NaBRisl, Béphegteal hy derived

conposition conprises at one pat hogen sel ect ed fr m t he

consi sting mﬁpaﬁ¥t$%33 Qﬁﬁﬂ%&?%ﬁ ®r AP (RGY ~1hr i OF °mﬁ9P&§¥ﬁ§%§nd

t oxins. 3§1ﬂ¥&§1$§ﬁﬁﬁihf¥ﬂéLﬁiﬂﬁ@4ﬂdﬁ béblﬂbevnﬁéh061arrhedlngrus cl ai m
1, wherein sald biplogically, derived conposition conprises at |east one
virus sel ec?@d Q?Qﬁﬁ?f@PENQ%&F%%hSIStIng of human irmmunodeficiency virus

(HV)-1, HV-2, hepatltls A, hepatitis B, hepatitis C, HILV-I, HTLV-11,
cyt oiregal ovi r us, 61 5 uoh RiSRSLLA 0% #f&%%fgomggé’i{?fow Eahedidirgea virus

and cani ne parvo¥trus’ ositron containing a
b|onDIeculebnémoheeubstOﬂhlnhen©abd%ht¢bnC%%BO%hthP|DES a0 aFtdoft ent

reduced by ? ;gftgéneén@tré§@ééd1nyéoﬁhé€§r &t | gt ndkbasententtram dteesul t
of treatnent accordi ng claim5, while said bionplecule.ennins

blologlcalI9rlatnalec°vteﬂheaﬁ9@hﬁﬁsﬁéﬁo?ﬁl treatmenti AFECTHEgeit? sai d

claim 5, while said biomolecule remains biologically

active.

7. The method according to claim 1, wherein said
biolbgically derived composition comprises living tissue,
fermentation broth from a bioreactor, cell culture material

or isolates from transgenic or other animals.

8. The method according to claim 1, wherein said
biomolecule of interest is selected from the group,
consisting of Factor VIII, Factor IX, antithrombin,
transferrin, immunoglobulin, monoclonal antibodies, viral
vectors, heparin, collagen, insulin, enzymes and antigen
useful for vaccine manufacture.

9. The method according to claim 1, wherein said
subjecting step comprises illuminating the biologically
derived composition with at least one high-intensity, short
duration pﬁlse of incoherent polychromatic light in a broad
spectrum wherein the light intensity is at least 0.01 J/cm?,
the pulse duration is less than 100 ms and the light

wavelengths are between 170 nm to 2600 nm.
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bi ol ogi cal ly derived conposition conprises living tissue, fernentation
broth froma bioreactor, cell culture material or isolates fromtransgenic
or ot her v@bonsdoss 8. The nethod according to claim1l, wheP€eT/NSGiAI4d13

bi onol ecul e of interest is selected fromthe group, consisting of Factor
VI, Factor IX, antithronbin, transferrin, imunoglobulin, nonoclonal

ant i bodi es, V|raI10ectBhs mhbpadlncceydnageno Fchadmi A, thynég saddant i gen

useful for vagg &étﬂﬁ&UEé&bU&Smp91sIBelmEhﬂQﬁae§ﬁgréhagb&elebabauiy wher ei n
said subjecting step conptises illumnating t | ogi.cally, derived

conposi ti on 9e¥ived F@@B?Sbﬁé°ﬁlBHtFnP§n§P?§t §H8rPlgﬁuFQFFBﬁlﬁMhséhBFt

i ncoher ent p@uif&hi@ﬁ%hmsésght iAcanbiead pspgehiufmvier @ighthanl aght
intensity is ataéeast 01 J/cn2, the pulse duration is |less than 100 ns

and the 1ighProad EBPEREFNE: are between 170 nmto 2600 nm -32 WD 01/ 59085
PCT/ USO1/ 04113 10. The met hod according to claim1, wherein said

subj ecting step c9¥p{|ﬁeﬁetkggnb@ahggggtQg?gaogﬁgheﬁh ypagggavsq

conposition with at’l eas h-"I"'nt eénsi 'on pu PSes of
i ncoherent p6B§ER) ohat activghe BnpaotEﬂOaBrgﬁéatr@ﬁlalPlOAogéFﬁééYof usi ng

br oad- spectraafguéaeéohbsgitleﬁsehhchoaégbl&eheaaneratsaameaaéaﬂb b a
bi ol ogi cal Iy, "derived conpositjon which also contains a bionolecul e of

interest, saiftpatesbd §6hﬁrW§Fh8dtﬁ@mEFéﬁénaftBPo§F8Pﬁg°§ bi ol ogi cal |y
derived conposition CQﬂBVi&hﬂg a Bhauaga@huugtabk@vaGOEQmpoaadlah | east
one bionolecule that 1s goglc | ve; d I n alb%nhn t hereto to
create a suppPBREMFERT EoﬁbB PTREN; lv FIB ﬁfpngn h&8%hil§R8gi C8f1 y
derived conppsbhbbaculet bhat heabhombglpanig atbtB8B; such that said protein
'S adding albumin thereto to create a supplemented
composition; and

illuminating the biologically derived composition
with at least one pulse of BSPL such that said protein is
activated without substantially degrading the biological

activity of said biomolecule.

12. A biologically derived composition containing a
" protein that has been photo-activated as a result of
treatment according to claim 11 while the biomolecule

contained therein remains biologically active.

13. A method of protecting a biomolecule while
reducing the content of virus or chemical toxin or killing
living cells in a biologicaliy derived composition, which
method comprises the steps of:

providing a biologically derived composition
comprising a virus or chemical toxin and/or living cells
and at least one biologically active biomolecule of
interest;

adding albumin to said composition to provide a

supplemented composition; and
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activated wi thout substantially degrading the biological activity of said
bi onol ecul e. 12. A biologically derived conposition containing a protein
t hat has vweensqidt o- acti vated as a result of treatnent aecoudimgitio cl ai m
11 while the bionolecule contained therein remains biologically active.
13.. A nethod of protecting a bionolecule while reducing the content of
virus or chemical toxiidlaniygaling the surplanented, eompesbhien| Withetfved

conposi ti on eWatC idbneMpilkdd iGHENL X85, tdHor efradioRreyigéngra biol ogical ly
derived conposi tion COQ§:|§%9 a virus or chem.cal toxin and/or_living
cells and aPcPrdsrenin@PYShgematiis Lighty & mhid iR FPeFLrin 4PESL) /

addi ng al busueht @hadi dheoartientofi Gqiion deirus sapptleemidall torpasisi on;
and -33 WO 01/.59085,PCT/USQL/ Q4113 _ illumnating t dy....
conpositi onr\ﬁdtuﬁegts qyez?stt §%§Q:hiag%ﬁcrﬁ°ernscf{$1,d S%E)r%@cc}ﬁ?gl?%g?%%?s%l&ng

i ncoher ent peljshrereatkiid ledghtwhiiea tiveo dui apslecuie (BSPLRteresthremainshe

content of 6 iWalus QctGhReimical toxin is reduced by at |least a factor
of 10 or su%ﬁ%&hgg g&i %fbing cells are killed, while the bionol ecul e of

interest remains biologically active. 14. The nethod according to claim

13, ,}Aherei ndal burign !ﬁeatilmb deaQ{)dBHdiﬁhga %r&ﬁudﬂa%jpm%%@éﬁﬁ;?ﬂmu%hdm
suppl enent eq conpos, ti on bet.ween about J about , : : e
met hod accordi RGeS éPaMﬁ9ﬂ§gamﬁn%ﬂqF%§%égﬁﬁ°nfghi € elﬁi?%ggis i ncl uded
whi ch is seksappdénentad hempgisdtd onsitdary afout i Img HhV-2nd hapettt 56 A,
hepatitis B, ,hepatitis C- HTLV-1, HTLV-11, cytonegal ovirus, SV40, bovine
vi ral diarrﬁgé I'rus and cani ne parvovirus and wherein said

15. The method according to claim 13, wherein said at
least one virus is included which is selected from the
group consisting of HIV-1, HIV-2, hepatitis A, hepatitis B,

- hepatitis C, HTLV~I, HTLV-II, cytomegalovirus, SV40, bovine
- viral diarrhea virus and canine parvovirus and wherein said
biomolecule of interest is an expression pfoduét of a

genetically engineered mammalian cell line.

16. The method according to claim 15, wherein said
illuminating is carried out under conditions such that the
inactivation of the virus results in at least a two log

reduction in active viral content.

17. The method according to claim 13,-wherein'said
illuminating step comprises illuminating the supplemented
biologically derived composition with at least two high-
intensity, short duration pulses of incoherent

polychromatic light in a broad spectrum.
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bi onol ecul e of interest is an expression product of a genetically

engi neered mammalian cell line. 16. The nmethod according to claim15,
wherei n @0 di/590B3 um nating is carried out under conditi onBCHUSOH/d4nE8t t he
inactivation of the virus results in at least a two log reduction in
active viral content. 17. The nmethod according to claim 13, wherein said
illum nating steps comueé spsthdd laddctd gy tHe SLPpher®ptwHerbial edeecal |y
derived conpositjon Fﬁth af. least. two hiPh-tigtfnsitg short duration

pul ses of i ?Wﬂi%ﬁﬂ SIAL HEREETE 17 FEITREed bt o2l SRBCPFERP -34 wO

01/ 59085 PEiondaEt g 13f ibdsulire, netdmsif exocin dimepanin} acalldgenherein the

bi ool ecul &,,pfn d LI £S! SpOGhEL! Popl PARL NonGhQUPLRRNSAALIBBARL ST B3 1 1)
(o} gen, pe epti des,

transferrin, ‘heparin, 0 acl ds, ptones, p _
nonocl onal emaymesli es and enzynmes. _ 19. The nethod according to claim13
wherein the biologically derived conposition conprises a product of a
genetically engineered manmalian cell |ine which contains a ,protein that

constitutes sai dtdi oftedifthed FFRJXLLRT B CHpbm nk?t hoWNGECIPAERE to claim
19, wher ei o6l ki@l DL der Sved desinp &s Pt Do deompeDsesnar pirodacef offeaween
about 1 nmg/m ggd in_the Sitli mherejn

o b o danf AT a9y Pete ' Rais SRR ETET iifq%i%f"%% CSPPEEING By
fol | owi ng garakein | thatnatomst itntesihea id nb senelécwhel efuinterestcover ed and
optionally separated fromsaid al bum n. -35
20. The method according to claim 19, wherein said
albumin is added to provide a concentration of between
about 1 mg/ml and about 50 mg/ml in the supplemented
composition, wherein said biomolecule retains at least
about 80% of its biological activity following said
illuminating, and wherein said biomolecule is recovered and

optionally separated from said albumin.
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