Title: PROTECTI NG MOLECULES I N BI OLOd CALLY DERI VED CCNPCSITICNS VWH LE
TREATI NG WTH  BROAD- SPECTRUM PULSED LI GHT  Abstract: Methods UG
protection of a bionolecule of interest in a biologically derlveé 2004
conposition to be subjected to illu- mnation with at | east one

hi gh-intensity, short duration pul se of incoherent polychromatic light in a
broad spectrum (BSPL). Such conpositions are supplenented with al bumn
and then illumnated so that, in the resultant treated conpositions,

bi onol ecul es of interest remain biologically active as a result of the
protection provided al bum-n, while the BSPL has exerted its desired
effect upon FRE {@gg ISR, 2 RICCICREY e conpo ke

t oxi n content may kS L8F IF&PE& cells,
e.g. tunorous cells .or genetically engineered eukaryotic cells, may have

been killed, or a photo- aCt'ﬁﬁEﬁEh%UﬂbPH@ @H%p& t?@en rendered active.

The blologlcally derived conposition can product from a genetically
engi neer ed ceIIIﬁnﬁaQﬁetqﬁaw4?%Pgb?aiiy ﬁﬁ?lﬁﬁdaCPFB@§P§AOGF dm an isolate

from human ecidntilicafésearch and in the manufacture of
pharmaceutical/therapeutic substances is ubiquitous.

Various human and animal sera are routinely used as a

5 source of protein agents for treatment of various diseases
and disorders; for example, to provide desired biomoclecules
effective as therapeutic agents and for the recovery of
antigens that are useful in preparation of vaccines.
Tissue culture methods are now commonly employed in the

10 production of numerous pharmaceutical /therapeutic agents
and related compositions, such as recombinant.bNA.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,
tﬁey 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 dérived composifions.

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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4 AUG 2004 PROTECTI NG MOLECULES I N Bl OLOd CALLY DERI VED COVPCSI TIONS WHI LE
TREATI NG W TH.  BROAD- SPECTRUM PULSED LI GHT BACKGROUND. OF THE | NVENAW@ggkhe
use of biologically derived conpositions in scientific research and in the
manuf acture of pharnmaceutical/therapeutic substances is ubiquitous.
Various human and aninmal sera are routinely used as a source of protein
agents for treatnent of various diseases and disorders; for exanple, to
provi de dem|h&pl9@h@aéénlégréveéc@@mmp%xtx¢mﬁaw%@d|tnageﬁhsnaagaxmhtaad

recovery of anhigeeeut ag ﬁ£8c8§§é§|tﬂe{’t Hﬁf?aﬁé‘téé’ﬂté’ﬁuiﬁ%%d”‘i%? nTI SSU€

cul ture nethods are now conhpnly enployed 1n the 10 production umer ous
phar maceut i c¥¥iurespebarteriangnd/ %@?@%t%%@%rt i Sherefqate qsin

reconmbi nant [AWveTephPhg PREPRRLEAEI R HMUEAEERFI BNBEbERSL LNE HEFE ed
cell lines), virus vectors, anino acids, peptopes, [hsulin an nonocl onal

anti bodi e$  (aRe HERLLE bm%ﬂéﬁdbmr’é%lmﬁ s°1151‘|‘%’t'|ﬁ?~‘f’étf’u?’t11¥é’tseﬁ'r RBLsi ng.

Because the8®mm0§athogsnararde6xyﬁ§ ﬁﬁﬁnmigmﬂgbe%gaaesﬂfs ,m nehali Ng -
humans, amln% Iant bact cont ani nat mnth one or

faifatrgrd shelh
more vi ruses, PSR %’r?‘é 1Y, gt hee pﬁ?‘h%%’n %‘?sv\nt URRERPEa S
general ly as @E):crmtsalhinatingnarps'oe:s:smmgtlepolé@isammyhdmgre:bver ely

comr o sed IS, BYBLRIar 8UEPeB8nE TSR 1 b UL REd Lol AR REL by eNCY

Syndronme (Al are par £tTOR Fromike sure
cont anmi naM n@mmer@h%lcab vathodsy hepdt risetlmotbic'-m bgr@dlllqtldun ved

conmposi ti ons 4% dds agdat & hé‘gtlfe[fé infection to an individual

biﬁ
or an ani nal recelvi ng sucﬂﬁ 0oQgl Ca er| ved COFI’pOSI ti on, t he

ef fecti veness of t%%ﬁ@o@?ﬂoﬁﬂ@%e‘h‘#ﬂlm -OF TORpYINTser Hynaallyatingce

of viral, bagighisds af‘ﬂac@éf‘% Qﬁ&ﬁ@ﬁ%‘&t?e@rp&@ﬁ&héﬁé' &oh%é‘nﬁrﬁa&”iﬁ&‘ nants.
30 Reconblnant DNA an g;otelns nonocl ona] "anti bodies, _viral vectors and

rel ated conpddiakiagkcally feE  ¥RdnpPBROGItions are described, for
15 example, 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 reécently 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 substantialiy_lose their capability to set off an immune
reaction in an alloimmunized patient.
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-1 4 AUG 2004 biologically derived conpositions used in both research and
manuf acturing processes that may be contam nated by viruses, bacteria
and/ or ot her pathogens. Therefore, in devel opi ng pharnmaceuti cal AUG 2004
manuf act uri ng processes, steps 5 are usually included to renove or

i nactivate viruses, and other pathogens or toxins that m ght be. present I n
such biologically derived conmpositions. Nunerous nethods of

decont ani nati ng orBEPRATFPEFHEIR| PRl Al ightefBSRY) cprpwidesoan are

presently ava ;ﬁ%@cb'f‘&f@éﬁ‘@t%@i&@'of 10 S §mgﬂs(’%ﬁ§at€§&h°ds heat

net hods, irradiation, me{hods and conbinations t 19 known
net hods of ré‘rﬁa\ngtghb?h HakengHEY nShar it inr el aeandf oineolerent,,

pat hogens co (ﬂﬁ-dnﬁ@tibl i Coh lyy ﬂe_{d SOMPeRi ti 1.2 d
for 15 exg P’gﬂ? Pat‘gmt 540, 573 ( Neur at hﬂggt g %s'l% %?éj

Patent No» 4 MRS ¢ tflamﬁtfi m?%rreaetraatgameret ®f ‘Plh‘t”éﬂ%eﬂéleﬁ ArRt30
(Platz, et alaxje ph&oseneitiNe. to &.-éiﬁeﬂ%e(ﬂ/‘ﬁﬁére%ml idhlly Hctive.

Patent No. 5 et al . Pat ent ,316_({ Kenpf, et
Sy 20 ESPh {8 HALEREe e akamintia s ETRRELSRR BF oR SGRE iy B
der| ved corrpmmthemsof ovaysict i The espeatatun afi/BSPhacseta bhs COVt adigh)t S
therein, but ) df%a ty, C ' agent_to,either
directly degra t he contam n(e]t'{ |% Elocfeqsnl q.'orgkgéo%g]g‘#@t {19 PREEAGH
degr adat A8n E‘Ftéﬁﬁﬁrhe%b@-ﬁerﬁ?:%lnmgﬂélﬁ Ute 260 nmadi dm@nsped::ttrumtdﬁast
the use of | ipghply, Rayidm DB i1/ tHat ‘Hiars%ﬁfi?r?ﬂ LS has rege_n:thoyﬁﬁeen
e

found to be eartlcularl ef fective and ent to trea
conposi ti onsitF tiyes meneintense, andeimandes W866 282 and

4952,812, M WEWLerﬁ:itl'?é petass hﬁ)d g 'ardoa‘i‘inﬁtdlﬁbl?faﬁetﬁbxgm g’
whlte blood ?eé rﬁﬂtqu t|nu ul travi-gl et radiation mndtely of a
wavel ength o t rs Ao esSriexs 4 o BSPL mﬁltﬂmllﬁﬁ dnder to

cause thgswhsherit! awtatsidrs liulses 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 uéing BSPL,
however, Aspergillusniger was more sensitive, on dry surface.s '

25 to BSPL than were three different bacillus spores: Bacillus

stearothermophilus, Bacillus subtilis and Baqillus‘pumilus. 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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35 substantially. lose their capability to set off an i Mmune reaction in
an all oi muni zed patient. -2 4 AU G 2004 Broad-spectrum pul sed Iight (BSPL)
provi des an approach for deactivation of mcroorgani snms and toxi Qg 2086i ng
hi gh-intensity, short-duration pul ses of incoherent, polychromatic |ight
In a broad-spectrum BSPL can al so be 5 used to achi eve desired
rearrangenent of bionol ecules that are photosensitive to render- them nore
bi ol ogi cal | ySalptormella chad@pesuisardi Pseademeondsrasragisesai-nudhs; morsendes edf UV

l[ight in a nunber L Ways. .JThe rum.Qf B ' UV LiLght but

bl 90 i nol nacs¥egengbaE iR, thIC BTG BRlad e SN Poeel BLAD srad' /o
nm and about U¥6Q3ghi ashdoepetheumeains FeRl denefating thethwo differenght
at sea | evel 44 ou o , tai ' ' u

Savel engthe BABHEER'IRY Light 39, HSRAIF YRS Metng Mg EY A5
earth' s aBnowpAchepoBgPEORe &pfkeiyd hazargisshwhexrasit BSRLpiEseomponly

relatively hj , GO d |5 osalre ty and | owner
power of nonggafgggegvb§I?HﬁPs g%gnﬁggeggénp e ;E{S%% én¥g§827.5,03.4,235
(Dunn et - al.), SBAES has Peehnteund tp be ReF BAIlERL¥neEfestize in and

g_, f7]§6, 59t8 (]gi.ﬁélétﬂraﬁﬁlnb- XISE/BTE_BL»:P&@? A% lBﬂ:.é%gié‘ﬁ'g@ééegEE w?h&_@:ar_e ]
ifferen rom non- S i . _For exanpl e, ment e cteria, suc
05 Aopergi |1 HEANGBANGEREERKSHE B ARt LAl Fo SRE VSR at on' t han
are baci fbusceppositibnsst Vdrasessiang ESfldqueriolye waroupsdebgskunpioger was
nore sensiti .on_dr urfaces, t ‘i han were three differ.ent

baci | T spot BeiPogehBmes’ EBaar DR oA o2 BeRyt | SRALEET REFOTEIRY o
Baci | | us punthesph¥sichgr charertertisdrial dfV heief nemvelopedeerDhanky
nmechani-sns th be d . f-ai [ t ndit,j ons
classified agggf%ﬁg¥d"da%§¥§%§§ﬁa#ﬁ?$k§§§él %%fﬁ$$%h¥P o?éﬁ%?ﬁg?'c repair”
(Bl ock, S., Cetegbrizedninteeni Frrdtdiyof atirusescyvehiwhicht they. share

ggLLigpsfsgﬁf¥¥£5iﬂSevbh§tfona£}9%ﬂh&aéﬁgfiéﬁEEQIeafﬁﬁ¥?tk89 BYaGhfaRer
viruses in the herpes virus family (Herpesviridae) are
enveloped DNA viruses, and viruses in the Adenoviridae
family are non-envelcped DNA viruses. Examples of
_enveloped and non-envéloped 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, packéges,
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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enzynmes does not occur when BSPL is used to treat m croorgani snms such as,
Bacillus subiilis, Bacillus pum|lus, Aspergillus niger, 3 5 Clostridium
spor ogenes, Candi da al bi cans, Staphyl ococcus aureus, Escherlchla.%dWﬁ 2008 4
AUG 2004 Sal nonel | a chol eraesui s and Pseudononas aerugi nosa. The presence
of wavelengths in the visible range differentiates BSPL from WV light as

does the neans for generating the two different |ights. UV Ilight is
usual |y genePateBt&spig HeScuPptertpl¥o-s55whPen2bbstDunne &&f @l hazakts;

wher eas BSPLaphpl§eaERBhY agtenanabedibifub38®@SikSaé€afl ifAckhealas, €. 0.
xenon. BSPL hag}bee found to be Bgrglcularly effective in inactivating

viruses whi cRUBLECBFigR opuﬁPegFé tootiedit izptdemayatenlr i Wy Bnd Gever
bi ol ogi cal | yoflephyerulfec raphsblbgies bfr9§ﬁSDﬁé@oir@ﬂUQﬂth argyppd based

upon theLr RNA v e d/or a rding to the

physi cal %héﬁﬁ&?ﬁrngpchBFDgAeﬁgdgﬂ98F g %rtﬂ e %ﬁ?ngpéﬂ‘ Furt her,

i ndi vi dual véeastivatingemardbhy mdaregnganbdmsntbtamégnaﬂﬁcof viruses with
whi ch t hey shar t i I Qnary characteristigs. _Thus, for

exanpl e, Vi il §S}§a8?k 3ﬁ§F§é§ g% R%?mo? %%%v?f a& eﬁﬁﬁ?'enveloped
DNA vi ruses, rendevnngséhemnlehe hdeﬂogncauhg ad¢tivé yandethws emesthpd DNA
Vi ruses. e d \% are,

1o uSes,  EXcophasifg pPLClLaRed 55 FROEERY R RPCrodlty (RiBloRSI £ o

vi rus, rk@axd@rsveﬁvthﬁgaaﬁatsgvané Eharmﬁ@%ut¥¢¢bs?omﬂésﬂheqmaxwnaV|rldae

fam Iy (which inchygesa Sehteyi puaethhpﬁméy@laﬂdséPPéi' oS A Vi rus)
Viruses that are nost virulent to humahs incl ude, for exanpl e,

Par vovi rus, @Pf3a%: QBB uofadeAgTiuneyl. (949 asphemed Iﬁﬁuﬁb&éﬁﬁﬁkﬁﬁﬁevpfus

(H'V), Hepatthis é@ yﬁ@ét@ﬁﬂ BeMenais¥lbshrd of syl 14S inR¥PPor BEEL 1S
ef fecti ve agsln n u ed to.decontam nate

and/ or steritfLen 5 EﬁiFBﬁECFaré&?cﬁgﬁéﬁt%Et% 1B IvahiRE,
packagest5 wairusesd badterfibuadd/eenbther cbal:ldog@hs dcohtedined Iieh

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 treétmenf

20 may compromise the effectiveness of the final product, and
in cases where such compromising would occur, metheds 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 protgctihg biomolecules of
interest when treating biolegically 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 compoéiticn :
to BSPL, substantial degradation of the biomolecule of

35 interest is avoided. By albumin is meant serum albumin and
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Is primarily acconplished by placing the target object into, or passing
target object through, a BSPL sterilization chanber, and exposing the
object to an 35 appropriate nunber of flashes of BSPL at an appropriate
energy level, as described in detail in the above four -4 4 AUG 2084 2004
patents and U. S. Patent No. 5,900,211 (Dunn, et al.). Its applications are
al so discussed in detail in the publication "Pure Bright' Sterilization
Systeni, W H.. Cover ,of PurePul.se T ch ol ogi San Eie o, .CA_(June
7559y 5 ViARhBEP RALeBaBTOHEA DR FRACBASTE BEMGLAPIALLY SAUAZALARY ng
\éarl O:JS mlcr ftg@@t'ﬁm othemgabmleuﬂﬂeemrabbgadag&aﬁebgremmm Alsc? ]

i onol ecul es o rest r ender ss .bial oqgi ¢ actiye .and thus
greatly reéiﬁﬂ‘fé‘?‘fsaﬁﬁl tRei ﬁeFPLelggP%l QFE?‘ESI SPmngllgdc%‘ %ﬁ”db"ﬂ%éd
t her apeut i ¢ lWishghacubesubf chht evepdsi thmh cohﬂposedtlsmahsasrePatfelxt
Appl i cation Seri / u d.t
assi gnee ng ﬁ%ﬁ?cit?%ﬁdg%%d g!rscl oguggtﬁf’gwﬁg% o?':%ltg:%g-r pt)-'(?(r;(a]t ed
her ei n by re:fcaﬂam;matllasnrl bes nethods of inactivating 15 viruses, bacteria
and/ or ot her pat % C er it S,
whi ch net hods ar 29 1613?1?%21‘128% F\’?t 1§t\e/£é§|ggt iluj%icgat bx’egﬁgqggggegﬁ]l y
viruses, andogi cthersgonterkppbyan PﬁtbFSCE§§¥lﬁgeafv§ PSoR ¥3APWSI ti ons.

However, in s {18! apLSgeh Netbikaa!, ”?ﬁﬁngQnﬂ?}érC PFBALOF0SE Uhe other
effectiveness of the final product, .and wher e such gonprom si ng

woul d oddur taiEthoRreEeNt g1 A Héoéﬁﬁllﬁéilguéﬁréﬁ’egt CPEROS L3198 Akand | y

| essening siah é&i\/ﬁ@a@oﬁéé@m oEOintheesbi of0kagal @dvihg mra@btﬁr@
needed. 25 SU OF, THE I$IV NTI ON.The resent |nv nt| ress t he
above and o rFe‘éQi’s“%?r?) dpﬁﬁ’dﬁgf"h dE’rf’EFlﬁ‘r %‘?&'eb"‘i o5l % of
i nterest whelelleattialy mwayl carrcal by bienbledudtenpds nhtemestconsanm ng

bi onol ecul espOfhddy %{a%s'fcb\?(b&kﬂs@i 884l edin at a concentration of
at least about 5 mg/ml to a biologically derived

15 composition containing a pathogen or other toxin and at
leagt one biclogically active biomolecule of interest to
create a supplemented composition, subjecting the
supplemented composition to Broad Spectrum Pulsed Light

2é (BSPL) to degrade such pathogen or other toxin, with the

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 biomclecule in a biologically

25 active state. Preferably, the biomolecule retains at least
about 50% of its biocactivity, and more preferably a much
higher percentage, such as about 80% of its bicactivity.

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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30 short-duration pul ses of incoherent, polychromatic light in a

br oad- spectrum (BSPL) for purposes of decontam nation or otherw se. It has
been found that, by adding albumn . thereto before subjecting such a
suppl ement ed conposition to BSPL, substantial degradation of thek AUG 2004
bi onol ecul e of 35 interest is avoided. By albumn is neant serum al bum n
and -5 4 AUG 2004 other simlar proteins which are functionally equival ent

in protecti : de i b PL. ALso. provided are
the resul ta%BQﬁo%'egq{g%%?ﬁ‘{}% 'cosﬂ{%f%ln%& b%%ﬁ‘g?égufﬁsagfiq t%t est,
whi ch conpothei eenpesd.tijcay =B dbatpirsotssians r qralky saicchaeidésparhagssic or
ot her tOX'Cﬁcﬁﬁnﬁ§$ﬂﬁgﬂ‘ané3¥&ﬁﬂf‘éﬁgﬁﬁggié§ éﬁ?Q5€ﬁ£rng8ﬁ%1é@ﬁf§sleaSt
one log, the content of an active pathogen, such as a Virus,
bact eri a, . pPfodatenesti,n priagiit dad/tdve Mrilegicably oferived toxin, present
in a bi obogkembly iddldn,ed - HHOSIdd P it i M ds SRt PAD! foi! @n@fi i Nterest
or kill living eukaryotic, cells engineered to produce a protein 3?
“interest or'lf‘gﬁﬁge%c Sed SRaCHREF “ands o e kiared ecylesnps datermath
r5ret h;)crjns rrayaeg_rrnr:its_elradﬁtml |. diai_llyudralﬂrteateca U eRAmb1e) 86 thadt rtl-_lrgc’ist about

ngy to a odi Ga erlv osifion containi ng_a pathogen or
ot her t oxi nwgﬁgaaf’% ﬁgg roﬁé‘&'ﬁ%&lto&%q St %i%%?‘gﬁﬁVg%Xf' 4t & est
to. create mesuppl efeekpdscoepds tsuarh mundapertile suppedneigert.
conposijjo Br [ I 1ght_ _( BSR o_degrade such pat hogen
or ot het0 1 ophs? SAYaRRSGATITL T nilogicRTi, 4FE EHe oPenRrE o
conposi ti onregkayesugrv, haf amy,ceadiddtti cofalagioeessinggsteps asher toxin
s Teduceds gt beaShch BRSHALeBectdull iAW SR A0 LoecnBI0! 0glca

eb able .I'evel,; an

activity of tt i ool ecul e to an~unaccep ) recoveri t he
bi onol ecul ébeang bhel 6§raanpy) sspag@itiensaft @limmirras| §, pant bifortdieecul e

rgtains‘at beesblealdt rab¥mlyl.t s bioactivity, and nore preferably a nuch
higher percentagen suehdpecthodior8veohidd odiQatket! ¥re protected

while BSPL efficiently and reliably inactivates viruses,
such as, for example, HIV-1 or -2, hepatitis A, B or C,
HTLV-TI or II or cytomegalovirus, simian vacuclating wvirus
40, bovine wviral diarrhea virus and canine parvovirus,
which may be present in biologically derived products. In
20 @ further aspect, 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 incocherent, 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

e .



These net hods may be advantageously applied to biologically derived
conpositions such as fernentation 30 broths from bi oreactors containing
genetically engineered mammlian cell lines, other cell culture material,
gene therapy products (such as virus vectors), human and/or ark AEE 2004
bl ood- derived | sol at es, biological pharnaceutics such as heparin,
peptones, insulin and transferrj out,35 destroying_the therapeutic,
pharnaceutlc e %EWP8§ﬁ£E°n Eﬁt????oﬁﬁ 95?15¥hg? ﬁeS|Pa eJVF§$t§“bf59he
bi onol ecul eajcm’a ZI?..A_:UG 0@5 idfam’esd. 1L0 Jachf cubleere snf &hergrt RERSItY |

added to h eLps rides, nuclgic aC|d
|IpIdS {;% é?@@t% ggé %%rgéﬁé bg %ﬁg é%ﬁﬁéggng ?nté?g§5t pr esent
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such broad- specd rpm pEESEh 1 i ghtusd®, Thus, advantageously, the biol ogically
derived conpositiion requires few, if any, additional processing steps as a

result of such brbad®sBEead AFREFEedtie ghivertipheprovides Bemathad of

opti onal Se@ﬁfﬁé@ﬂlﬂé &l bidhdel &SuPe pﬁfémoé.utJQEani@inJDhegﬁlaaaﬂﬁ@Heﬁmﬂ-ﬁ
In one a pec bi-ponol gcul es, .of inferest gée ptotected while BSP

ef fici enDl y TEHIGHIY bR PRLRRISRAIE 0% | PHRESWISE EPXLE, CPBFEQ%éﬁﬁFea HI V- 1
or -2, hepab:tohag&cﬂby &érwﬂ'd,\bdampdssitl@m thilmgﬂéﬁhbﬁuazonﬁjﬁéés
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aspect, prowaﬁthin&mgraepathngameuryothst toniﬁlanénatanéagﬂléﬁée met hods
for the ina {04 | at b r in.cecrtain
previ ously i)tL'Lr egc{ mér:]gél{"ﬁ %%li%]‘l o‘ﬁﬂg h ﬁ%g g?@%ﬁ"%ﬁ% '

exposuréstohgmqu eukaryotlc cells such as leukocytes, adding albumln

to said composition to create a supplemented composition,
_subjebtingjsaid supplemented composition to Broad Spectrum
Pulsed Light (BSPL) to degrade said pathogen or other
toxin, the content of said albumin in said supplemenfed

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 biclogical
activity of said biomolecule to an unacceptable level, and
recovering said biomolecule in a biologically active state.

25 In another particular aspect, the invention prévides a
bioclogically 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
content 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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I n anot her aspect, provided. herein are nethods of 25 activating a

phot o-activatable protein present in a biologically derived conposition
together with a bionolecule of interest by first adding al bum n artd AUGeiio
illum nating the suppl enented biologically derived conposition with at

| east one high-intensity, short 30 duration pul se of incoherent,

pol ychromatic. light in.a .broad sgectrun1,|n a further aspect, nethods are
provi ded forP? #§9é8ﬁﬁﬁg derixed; CERROF Lo COMPYIS ing & hotomt needs
protection faotieapableeprotBERLanki ke 1Basti vakl B oMol RASthPPCis

at hogen or QX resent in.a.biologicall der.i ved conposition, b
gddi nS al burﬁ#\g%g&?ﬁg?‘rl’gﬁﬁgé?’ﬁg 99‘3&"%@2%6‘6‘&% *@%&’Fﬁbéﬁq iq}'rrrfEQ’éJe a Y
h}gh-intEnsiSypp1ementedo¢oﬂposﬂtﬁon50andé¢Eﬁumﬁm@tiﬁ§(Bhézbié?é@iéany
J/cn?, r ei ks I S.peasur at the surface e
conposirﬁin)éggﬁggﬁgxoggggé%%ﬁn(?%gs,ggoiﬁgs%oofﬁoﬁﬁis%a .,qg%9r§¥?hpulses
of 5 incohertmat palidchroteincisi ghtivatedbwistostesbsabariti]mlly 170 nmto

2600 nm 1. t : : : :all : es W ll be
used. In a gé%géggg%gc??&t ﬁgagﬁééﬁ%%o%gg?gé? eéfagﬁe:dgggoﬁgfep?%ﬁ%tti ng a
bi omol ecul e from $Bb¥ekn2nathergpagkirehanhpepecty tdeudinwentiiomat hogeni ¢

or ot herwi sept@vige§0at 88EhOA 8f PhLLRELERhLY adBh bwed eRMROSIi 1@, Whi ch
met hod conprlggs .the tegs, of providing a biologically derived .
conposi th%n T¢ H?é?ﬂiﬁ%ea.%%fﬁ%ﬁeﬂonlﬁFﬁePrtG%Pﬁlsﬁ& doXigppresent in

bi ol ogi cal | yaamd;yegbeame@uﬂeveahesﬁpaaywbﬁg GRAcH methdd \edifbrises
| bumin to sai'd conposition to

eukaryotic cells ﬁuch a Ieukqg%tes, addlng,a 0S|

create a sup%f%n% FRA ROMERYIFLRT ashhpiedifgllyi deddyed manrasition

conposi ti on ¢amiir beiingpacrirus &ul chemicght toRERLANKO adeQleari i pat hogen

or other tqQy t . L.d al bum n_i.n.sai d supplepgnted 20

conposi tion é?ﬁ%%gﬁ% f?ﬁﬁgéﬁg%dﬁgﬁﬂ?gﬁ??ﬂé ofep? gﬁﬁfgg QA33Q§Nﬂ€h?mbP

sai d actlifve tatsi@ncomposteion okd npbgvide a supplemented composition,
and illuminating the supplemented composition with at least
one high—inﬁénsity, 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 DZE-:SCRIPTION 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; '

3o FIG. 2 is a schematic view of another exemplary pulsed
light processing apparatus useful herein, which apparafus
is useful to treat biologically derived compositions
flowing longitudinally through a‘jacket surrounding an
elongated, inccherent pulsed light source that provides



| east a factor of 10 wi thout degrading the biological activity of said

bi onol ecul e to an unacceptable | evel, and recovering said bionolecuylg.l %
biologically active state. 25 In another particul ar aspect, the invgnﬁﬁ%ﬂm
provides a biologically derived conposition containing a bionolecule of

i nterest which conposition -has an active viral content reduced by a
factor of at least 10 fromits original content .as a result of treatnent

Wi th BSPL.i nhi§g-pheenssey, 38hottallhvathonhphdsesi o hixmiyeurbratécai ns

biologically, ,active. . |ln still,_an ..pactiscul ar aspect, the invention
provi des a n%f%Bé ik ﬁb?nérﬁ?gaﬁPg%Eggpﬂqééglsed light (BSPL) to activate
a p[opein pggsenTFEG.aabgel9gschbmgt35 QQEHveg g&q&iﬂ%ﬂqﬁhﬁmgeﬁeupﬂérﬁ
contains a big cylke : 0 rd Sl ng;

rovi ding a PRIReA L 85 rrpEREEERg; ppBatatEs) SreatlA & WibT6qlcAILY
phot o- acsi vaeabiedprompositadnais| cavsedn&obifdmy ddulx digeckion

bi ol ogi cal l'y h Y8 dpRg" akbpal iHRM e ént SUPFheNBRiedes,
conposition;nggiF?}uggngggngktﬁgk%i%Pghggngglg{derived coﬁ%%sitiqn\ﬁﬁr1
at | east onewpthin sh B3Rirtaespl rﬁéﬂ%gpa:p@adeiw itreated arighnwrashn

substanti al | y,dggh a9, Ngnbbe-BlLekedbnapuagllsyidsy pﬁlgﬁﬂiﬁbﬂéﬁ%' gdght im
yet another particular aspect, the invention provides a nethod of
protecting agbPERBASEBLEYIMM-e 10 reducing the content of virus or chem cal

toxin present in a biologically derived conposition, which nethod

comori ot A8 & vi r uDERARRH eSOl O ShEF SXEPERRKET e NS
bi omol ecul e of i nrheepresedti dgvehitivm proides swthedspbert pyetestymyi de
2, FLPPL e EHoCRTRTBGRERL, §pllly il BBl I DT ETPAE R R £
pol ychronat i expbghtrei hoaBsPbadss gdfeched BSPIOL L igikenthyt ingp&ivahent. of
active virus orygRenlcal bakkd koxiedugadddnt 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 compositidn, 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, polysaccha;ides, 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. o
By albumin, for purposes of this patent application,
is meant serum albumin and cther functionally similar
proteins which are effective in protecting other molecules'
35 from aegradatibn by BSPL. Mammalian serum albumin having



20 at least a factor of 10 while the bionolecule of interest remains
biologically active., BRI EF DESCRI PTION OfF THE DRAWNGS FIG 1 is a
schematic view of the treatnent zone of an exenplary pulsed I'ight, aus 2004
processi ng apparatus that may be 25 used to expose biologically derived
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of decont | o] t t | o] roteins, wWhic ar at us
enpl oys tﬂﬂggﬁﬁogg y5§%§§e§°§ﬁ ?égg§ﬁ |%n§h?%ﬁefhgq86 B§P$p%ﬁqquw as .
it is treaﬁ%HNHBURSLGFUthgsafséhenamphlblen/aﬁdanephanlanegpkahy pul sed
| i ght t h ful -t
i ght  procegsluigs RBPAFE H§efé§£ﬂh¥ Sﬁaﬁwy?ﬁg' Cﬁo@ Rar ng‘.‘"nsﬁf’ﬁﬁﬂfougﬁ .

treat biologically derived_ conpositio W ng ongltu
jacket surr Ny af r@P@héHtéHallﬁbbﬁe$@ﬁIC9upieéerhghﬁlbuuuaewﬁmnh

des; I
Bgfyghfonatlc : ﬁﬂff %B % g%g% H#i%%% %#gglgggsggaseigﬁﬁﬁlc Vi ew
of still armttﬂerhmenpahbymlpuisenoregpteﬁenreds| NH1bnpdhatigs geweas£l 1y a
o Vel Saach 6 NeGvERENELLRABnL L RNR"Se | Betliat Reud L5F1 LT

parallel to one or re e n Lpithin an
el l'iptical midfliaptam (m@b/nl @h@aﬁb@uhnih g fpal Lntthelsyppibmeh%ﬂu&atlon

pul ses of PERSH € n u 0 A SCRI PTI ON
RF ThE PRecTmK ENBODI ME hobet l1§lrg‘g’se fegoftly |g%1%r8%£eékgn§fn%ds for

protecﬂpnquHQQHﬁﬂﬁﬁﬂQﬁﬁ Pﬁ?@@??t?bQ#ttﬁdW%I%%GIéboﬁt BAt mgesrewnhi | e
exposure t@ﬁ&ﬁ@rﬁéafﬁffma qs:£é€éefﬁ¢dl'ﬁéﬁﬁi¥éaetop§2399&as or ot her
e

t oxi ns pres;te 4%_b|olo |ca rived 15 conpoSitions _and/or to activate
phot o- act i PSR rQﬁ% ftio ° R ot thatde8§reddi ng a protective
anount of mﬂahn:rilvatmxsuﬁtfl pathegens Gnbth BYL | BARNGUI¥K1FNARE QAN ON

Pul Ses o1 Ao TS R0 VP QOB 6 | L 68 BnePLORT 2RERHIET 62" suen >®"
15 testing 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 éeparation
20 ‘of albumin are well known in.the art, and examples would
include filtratjon and liquid chromotography. -

In particular, a biclogically 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 cbmposition
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 inccherent 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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20 ot her pathogens and/or chem cal toxins that m ght be present in a

bi ol ogically derived conposition, to kill certain eukaryotic living cells,
and/or to activate photo- activatable proteins generally wthout dggé&@égng
desirabl e biological properties of bionolecules of interest, suéh

for exanple, proteins, polysaccharides, antibodies, nucleic acid |ipids
and/ or peptones in the conposition. For exanple, conpositions derived from
geneti cal | ytBagi fFoameFcidd methads Wﬁﬁnﬁﬂﬂ%éQ;EFQKﬁéggﬁ PR1BESh t ASsde
culture prpeeales oFNGucH AT, - the) cdntemy 6f SseLiteopathogen

t ransgeni ¢ ani s, would be, .potential, gandi d s for.such treatnent. B
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anﬁ ot her fﬂFcrbgﬁw w‘dra'ﬁ enéeaqw@ir?é u%ogxpwiclea;eela_eféemrvefi lmopr_atr@hti ng
ot her nolecul e rom degradatd Qn . Lan,serum al Qum. n:_havi ng
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sour ce of sggg%%aﬁg'&mggl\ﬂﬁ}?eﬂ%g | sadcl(t?q{mirﬂn% f‘usedc{f‘% ?’hé\e/?gz?%x%%ﬁ&éﬁa‘gil

studi es, andfaliotgresti-n human albumin is nore preferred. Albunmin is

general Iy addedyho ;RRQViadeA-AULC Gy Hd YhploPed Ve pARoH cé tRiddd gram
(my)/ M and about /5 ng/ M "in the suppl enent'ed ® conposition; however.

h it is
pr esent19- f BEPLt RAdundmatdion methadsent ARRBRte1dreioned tosprgVaste about

50 ng are Righeinednsitsy ARHAR iRirdtionrpdBsed r BlcéRepbAYi de adequate
protection while achieving the desired inactivation of gatho ens. wi t h BSPL

can qui ckl yPRAYCBESFRF 1 & it AR Fe PURRG S RETT WART @ sIBREF &8RS o X8I es
of such 15 tgahpne,bdnnghset-F1w tatieht,he ssqeopatenexanpbespatant,f oldqon

dosi red. f OPREPRg 1+ BEX MEEERG | POSSRE L B b7 R Feobe Sofprratl -
depending upemmbheto the apparatus used to provide broad-spectrum
) pulséd light treatment are that the treatment chamber is
preferably light-tight; flashlamp(s) are positioned within
the apparatus such that the light being emitted therefrom
is optimally directed at thé target; reflective material
20 is preferably employed to further nmaximize the pulsed light
‘ directed towards the target; and transmissive materials
(i.e., gquartz, sapphire or similar méterial) 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).

Oof 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



ultimate application..- Methods for such optional separation 20 of al bum n
are well known in.the art, and exanples would include filtration and

| i qui d chronotography. In particular, a biologically derived conposition
suppl emented with albumin is placed into and/or flowed through4aAtG 2004

br oad- spectrum pul sed |.ight treatnent apparatus. 25 Wthin a treatnent zone
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i s reduced tyansmieaiveote BSFL(i .e., a factor of 10) and 5 preferably is
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patent and Pat ent ... 5,90 1. 5 _Common to the apparatus used to -
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chanber is 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 1i4 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 othef 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



preferably light-tight; flashlanp(s) are positioned wthin the apparatus
such that the light being emtted therefrom is optinmally directed at the
target; reflective material 20 is preferably enployed to furthernzaxi$1ze
the pulsed light directed towards the target; and transm ssive t 8YG 0%
(i.e., quartz, sapphire or simlar material) are enployed where materi al
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mat eri al i sePplpyedy HOrLMAXARREE wi the (IS AT | 1§RtmaBebgusurmAMRd ed
light shgul gyi bhigeaati grite sifitdes vol 1wee DEhébecs 8¢ gethenbightalemithcea

treatnment zgne wi|l neral |y be designed tp. Ximz he | s | i ght
that will rERER tHe gﬁ%ﬁgﬁp SYRLens gt ésvﬁg¥%% e{:?ﬂﬁﬁgﬁ'ngj’ﬁ ashl anp
i s enpl oyedpiddogicalisnaasived cohpowd thbde d8eit gpassesathrioalgh t {er
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preferably phsusesnand/erswiirnduidcecorganisns ¢n texénst coptadmred hat

pul sed | Lghj,. i ' t | Vi tari ; 8 res
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preferably maynbe presemdr. alAdvantageeuslyashy asBaEing ther plates 110,

| east about 5 19%, rMehe @'agseééaé%éﬁ{ aiog | EBSde’ %%eﬁri@% ﬁﬂdaﬁggn?o%rﬁféﬁm y

at | east about 85% transm ssive to_ BSPL. 10 F| shows enmatic view

of a treatnefingoftEestesd i) Pes3addinkenm BRinaba¥esr uthegebyse in
treating bQbogitaktling] pesh O @psthé odst &by BSPLtheN colipds it BbR' £6d
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non-transparent and/or undiluted. If it were desired to
position 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 biomoclecule of interest
supplemented with albumin. The apparatus 50 comprises a
reflective, cylindrical enclosure defining a treatment

25 chamber 202 through which the composition flows surroundihg
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 liguid 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



15 positioned generally parallel to one another and spaced very closely
together (i.e.; less than about 5 mmapart, e.g. about 1 mn) to provide a
passageway or conduit 100 through which the conposition to be treated nmay
pass- on opposite sides of the plates 110, 112 are two fl ashl anpt 206 2004
systens 102, 104, each including a reflector 106 partially surrounding a
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addi tional syStenms ma I'oye 100 may be
surrounded BaB§ipdl ou Sﬂﬁghﬁhgommﬁﬁizlla333ﬂmw @gmk;nghwateghMayﬂhéed

fromthe flasbkatAtansbethedhd the (il rug %?Jutrqy@rij@;tgﬁldnl)&h?:hggagsl l y

derived conposjtion, as it passes thAr resi des §%gemay
100, ther ebyaFkgEri $&t AR§iredruses and/or other micrcorgani Sns or toxins

gont ained 10 therpendaafkeeracl Rld e At UGACEHYGbLaP! ﬁﬁ}%ﬁ&-&s that may
gk (MR i T RNV R N
passage y t
the specific absorption characterlstlcs of the composition-
to be t;eated, the physical and operating characteristics
of the light 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 com@osition back toward
the composition flow path. When an external reflector is
used, the reflector assembly may include a guartz (or other
25 transmissive material) cylinder (or tube) inside which the
composition is circulated and outside of which the external
reflector is positioned. ‘
Some biclogically 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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being treated is spread into a thin |layer, thereby facilitating exposure
of the entirety of the conposition to 15 the pulsed |ight, even when the
conposition is relatively non-transparent and/or undiluted. If it XEE S04
desired to position flashlanps, for exanple, only above the passageway
100, then only the upper plate 110 need be transm ssive and the |ower

pl ate night Jhe ysn.2035¢&eﬁ sapaﬁsﬁégwﬂ@fnsf VERW nggeg%t‘ﬁon is

exenplary apparatus 50 that may be enployed to i]lum nate
conposi ti onRPorkANHiRgrad pFnbe & petential pPESPILn BT chefilegtanae

al bum n. Therped a4 ¥subl Maﬁé‘slﬁlurﬁﬁfléﬁféhVﬂar@ﬂéh&ﬂf' Catne@}l Sur e
defining a treatnentd§5 chagb 202 t hrough which the conposition
sur roundi ng®VeTHul sRAGEFHRE s‘B’cﬁH&uQOﬁl“’TI‘@e‘bﬁgﬁd €1 Ght <BEREC 04 ePr hi gh

povwer ed senen g I.Japds.hhmbmreswrded; \Mcmha& feullt a %wm wmwm’( not shown)

i n accordance with. conventiona ract| €end Of i ai €¥g era 30, A

i qui & ci r c SRS BIND 2 c%%fﬁ%?% The lﬁ’oﬁ\} UpEnahiornErEd Sgtt)l ot

t hr ough thepmefﬂr&hlychanb@axﬁ@& tMrougﬂamtohheotrh&tmehtezbapet|t|on rate
of the puls cs 204 5 th i tion
re5|desp (1éééﬂgt% ﬁg%tféh %Eé# 2 FH%T %Hé ES}S? ?éggﬂ'
passes thermmd;grpq:csuexbmmsum atlpabcfel‘brtnf nehie nﬁmm bélng treated

hi gh-i ng gnsijlgy ’slﬁﬂ'{)éétgalrﬁé | O %éféed)fnﬁr%@{’eéf“éu# afit e 163

polychronatlc I In a broad-spectrum Very gene

al buni n- supphdaiH ey ceaprehiewm wrfbesmé%@e@eww B lsumbeafthrough t he
chanber at RaftiHYYt Endét PO or-dr ﬁfé@éﬁ.r‘:%l@oté-é@@x@éﬁ%ﬁt treat rfent
chanber 202 " nmay be arranged_so  as to be separate omthe Eulsed | i

source 204 to p the Hashians #P04 hls?el‘?icﬂﬁ% %BE?EBP- Ry ee th%;mt :

source 204. tpecitnent benambéeveok iortiexaipheratis sopbﬁych.azquaﬁm. 3
ch(r:rgg;l{'gon arv.{:r:ét[ l%?cgrger)oarﬁ)éj{]ed ffash]](.)ampghﬁsgoﬁljéfeafgetn 1ve1y (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'the-
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 prov1ded for the 11ght 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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passing outside the quartz jacket. Cooling water may be circul ated between
the light source 204 and the quartz jacket, if desired. The dianeter of
the treatnment chanber will vary 15 dependi ng upon nany factors incl ugi B&
"but not Iimted to the specific absorption characteristics of 4G 2
conposition- to be treated, the physical and operating characteristics of

the light so - aa,.s# . h . of product m xing
bet ween pul sgé?gio.%%%fath?gsﬁgg 0 Lﬁtgfl‘[na;’gj#%g %?@éﬁ%ﬁaetrﬁorﬁqa‘?geﬁﬁﬁw may
i ncl ude a r eRbe¥eshesssdtiad, anparatipumey wlltlermatdvedy de eemal byed
eflector, ipoer €Aeskdpurflosed drld WHIA! Ik WGHAATy) Rl FAIROg! LT On

back toward _ the conposition flow path. Wen an ext or is
used, the rePPEEABr assenmbly may include a quartz (or other 25 transnissive

mat eri al )scyl i ndern( glchuheledtiimte aﬁfﬁa:ﬂaﬁds% BPIPAY tder se%isygat £d
refl d 0

and out side of .whi,ch_ t he t er nal ector is pqgsitioned. S

bi Fl 1(:).gi Cfil | %/ﬁiépfnéggtilmﬁﬁ:zil &h%gﬂﬂawl%ﬂzfé\&yngﬁﬂm‘?on mfayt Ee
rel atively tcanppaiti o ce hd ntg o gRitfiveAHa tidd NS O e
UV spect rumcﬁgmtiﬁg& ’:%?Ji?a vviflolr %g(arng aet ivv.eluy ILitt]l e attenuat i%r}a)téhlr:ough
absorption i FosUchotorpaayi &9 SHKEMPLS JHHUS, ARG X, enldy B¥_tty
decreases | atgasy anfpcikoraoffurten.on Rafef ediagtlianc echier ametdtandritghie BROACE.

O her ¢ 0SL L Y5 Lt si.gnj f.i :al tion d flux density

I O R R R e R S T RAT

2004 absor pthbalogbGetdy, Geraved sompasitdion wittopudsed dight Wwaving

consi der ed tgnDenfeRBEEP bl aR AP b I 0h3NGEn? SBILEBSRYLE JrCquat e
m T ux nsity,

i1lum nation_throughout” In ﬁgy gvent, a desired'mnf
e.g., about beashraBoyts503PeJ/Cay . cPeReaBrefarably. atoteasbuabouts QWS

dependi ng onyy&e® PUMDIooE pherérapiynati 98akt cabsBot b, 5Sg/RRe! ggﬁtghéin
In a 1Tl on,

mai nt ai throughout the treatnment zone. ternatively or
i xi ng, q&.dg.&ﬂﬁr%ﬁ?ﬁw ERERNE L5 e MEREE o St e SHEAGS (9t Re {1 Ui d
bei ng treat ecomposition being illuminated. i
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 flashiamp béing used.

20 Pulse durations not greater than about 100 milliseconds
(ms) are preferred; durations of not greater than about 10
ms, e.g. about 10 ns to about 1d 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 spectrun. 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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|0 is subjected to the desired nunber of pulses and flux intensity to

achi eve the desired degree or |level of pathogen inactivation or protein
phot o-activation. Wile the flashlanp 204 is |ocated internally ofagceg
treatment chanber 202 in the apparatus 50 of FIG 2, FIG 3 15 shows that
one or nore flashlanps 256 may alternatively (or 1in addition) be |ocated

external ly of r eat cq?ﬂggr : r €S LR . zﬁﬁ?ﬂg?.
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al ong one foguoslﬁ:o _ané%l'%l ptl?:a r.u?-%%lector- 254?§and a&flash aérgp 256 is
posi ti oned aleampasictibemer Which treatmntsRitenshrgipress halropkenal |y
be jacketsed ddpasp@rtz tube to water cool it. Because the 25 light

pul ses are focused by the elliptical _ref]ector 25 toward the center-of
Phe 1 eat ment - charfbiondsr to RS RIS b aRdrediohty Kagat © ¢
aEsorption bei&m? €T Y Wi%émﬁ@iﬂg?]ﬁqsmﬁﬁhssbné aabot:h;e{em iwg:Btlldpth&E of
the conpositio owi ng_thergt hrou i s ect o_uni.farm i ght
{reat mont .| BOERRAS HPERR o R 6 v EhEE chE o RRRE et Sk £ pe

el liptical reflkrminstedand fibly rgs pdssithl@anpy athenbrbadsserctths '
treat ment, .ch 2 t h f tihi ' [

whil e vaf’iooui’ p%oeadr a)tsizu%ﬁ%ﬁsef u 'P%he%? aéc)\?#%l ng ﬁgfgg %Ll Eglg'sd J(}-fij(ﬁefgggsent

i nventi on haumedmeingicthe i axiface ofyithe romppsdtianebedna tawaedskild in
this art that_,: K G004 i tus, sUCk
conbi nati ons soqo]"ﬁh&el_ above- el}s{%{rlilg% %%ﬁ%%?ﬁgﬁéﬁagé'a Pﬁ%ﬁ%éfybe_

enpl oyed forknansmigrivyeste BSRILL est preterably, coaterdiakert hieast 5

In such treatyEiiit PRIt dMsem B Lvé Stof 48eh eppbadedpbetrivn Pansée 25dht
thereby treat a biologically-derived coqyggégignmg%eg?gfga{fgﬁgggte¥aéﬁ
active pdfhoggie Gmployed. "Examples of s ‘ n ’
: 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. In 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 bioclogically derived composition may be a factor to
consider in insuring complete illumination thereof with the



chem cal toxin, for exanple virus and/or bacteria, by at |east a factor of
ten. Preferably, the treatment method 10 conprises illumnating the

al bum n-suppl enented, bi ol ogically derived conposition with pulg F Zg&t
having an intensity of at |east about 0.01 J/cnR, preferably at eas
about 0.05 J/cn2, nore preferably at |east about 0.25 J/cn2, and nost
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nul ti-pud s,d # of an al bum n-suppl enented conposition can be
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bei ng punped or Whike whereinayl beesopeslespesingt ofatha dickogiealnent),
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treat nent tGoRPOSitIppaisi subiectehato ﬁ%ﬂb;asuffDChenunﬂlbummmomm met hods
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conposi_tions, which treatnents often required hours
15 concentration of albumin therein is at a protectlve 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 preferabiy 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
inactivation 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 suppiemented 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



5 conplete. In order to nost efficiently and reliably treat biologically
derived conpositions in accordance with the nethods herein, the entire
vol une of conposition should be illumnated as fully as possible by the
br oad- spectrum 10 pul sed light. Thus, to avoid blocking illum natiAlis 200&6m
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bi ol ogi cal | yesepby it ioamissiividednyintay selaficely small 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 spec1f1c-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 protecfive concéntrations'of‘albumin. It has
previously been shown that BSPL is effective to inactivate
SV-40, HIV-1, CPV and BVD, as well as E;coﬁ 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

W ll usually be sufficient reflectivity 5 therein to ensure that adequate
illumnation is achieved. .Mreover, the transmissivity of a bhoh&g%&ﬁlly
derived conposition can generally be adjusted by sinple dilution.
Appropriate dilution techniques as well as techniques for optional
reconcentration following treatnent with BSPL are . 10 wel | known. Wile
there may b@cSBEE ABsEBRI ResPNCRe o GiddeEsrt sercentyrakiionsiefol ecul e of

i nterest whglphgnSUPEheNeinhad- es@mpATs! keen §13ueiteated titatBSPibumin
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about 90% 20 thereof. Very generally, the addition of greater anounts of
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suppl enment sition berng freated,” will result in greater retention
of biol ogical achArVRtgelds (AFCCOORSr 142d, areo imcghladestwithi 6RY of
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other toxins frombeling achieved or nmay require hl%rer ener and/ or nore
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| evel ofgacyiyaki aeeOkropbat anacCiittdledlad PEOPe Af alheeE un asentaihsny | |
be 30 apparent fromthe | aboratory data -that appear hereafter. |If

desi red, saﬁB?eE°oF5§ Epﬁkogically derived conposition to be treated may
be suppl enented mi-yh thelsdaver ede@Fwit titraltivn wfanthd heampibst ed or

reated wLhou AiLul Loy Thhee it Rk hods ol ASYLIRR dR Ll
| i ght treate®&nA-arecpildsensed-MEMFispuppdentnzedl $ith A PH0%

15 heat-inactivated FBS, 10 mg/ml gentamicin, 100 units/ml
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 nL volume of CPV in E-MEM with 5% heat
inactivated FBS is added to sterile polyethylene sample

20 containers. Twelve replicate samples are made. Nine of
the samples are treated with BSPL, i.e., incoherent

polychromatic light in a spectrum of about 170 nm to about
e, —— T - T T

2600 nm, more than 50% of which has a wavelength below
200 P O el ° L Wili¥d 2o 9 MevE:RS

about 600 nm. Of‘Eﬁese, three samples are treated with a

s

25 single light pulse, three samples are treated with two
puises, 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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and 3, and

used. Follow ng treatnent,
Speci fi c enbodi ments of tubular flow nmethods have been
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FIGS. 2 and 3. In both alternatives, the conposition is iﬁh
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i nactivatiop -of speciflic pathog¢ns by illym J |t BSPL enpl oyi g
various of [he nethods]describedlherein_ Irr}}:mlr‘})%%mh xanpl es whic
illustrate [ jgg protectilar@f variaus 6nafmgNe by al bum nf ngen exposed |t o
representat|ve BSPL tr¢atnent 30}and the effectiyene§§ BSPL to Kill E.
coli in the|presence ¢f such prétective ca®t¥M¥YRTTns KPUEYBURFA" 1t} has
previ ouigy paggn shown fhat- BSPL iis afdaqki ey 0 inactivafgg SV-40, H V-1,
CPV and" BV} as well ag E.coli bacteria in]| feta] bovinel bl oogd serum {Data
for two of }[hese 35-e§2erinents ils provi ded $HVFEIEFEnceSBEYHYSES*and i s
fol | owed by} exanpl es i ch show fhat sinila inactivatio

AVERAGE 1x10° 3.16x107 NB 1.26x%x10°

' . 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 infectivity was reduced by exposure to BSPL. Example 1
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)
and permitted to grow overnight, at 32°C, to a final
concentration of 8.8x10' CFU/ml (4.9 log CFU/ml). 200 ul of

" 25 the contaminated sample (containing 17,600 CFU, i.e., 4.25

log CFU) was then illuminated with 3 short-duration pulses
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-20 4 AUG 2004 occurs in the presence of different concentrations of

al bum n. The final exanples then illustrate that albumn 1is indeed
effective to protect representative proteins, i.e., enzynmes, framays 2004
substantial |oss of biological' activity 5 when exposed to

pat hogen-i nacti vati ng doses-of BSPL. EXAVPLE 1: | NACTI VATION OF CPV A-72

|1 ATCC | ted wih U R-2017). Th ' '
har vest ed win PRI htosE O HEAECLH LR A AR bt PcterRanas (e
Stocks of 1G-hs mgthods fdesenibed hevein s¢ tHIE€ theaenedirePyc Q¥ aERLNg
cont ai ning CoOP A Vs (LELRa e, | SeEla P aRlutagnzs (e o8 teei s

contai ning CPV." The nedi um used | gr owm h-

i s E- VEM suSSmRish (4RI &inade- (0sing ¢edsM i phesphatedbiBSer)0 afdl Hlated
gent am cn, oH¥® Wddddg | FGhidids . @ : gi.zone. .Cell

cul tures arﬁe,i ncubat ed at 6-%C In a %mg élg a‘f'%gphglgél%@ft 1RYoc2. A

0.2 nL vol ung & 2@y qonntagnatias and Hehthoursct i vat edFBS i s added to
steril e polyethyl I | T e_replicate.saml es are
e o 1 T oD R Skt Fh g0 VSRl B0 s

made. Nine of the sanples are treate ,
pol ychr anat PEsEry®d ion anpartatas of Gisan 4 7Hemeitbvabpull evaG0Q mmg nore

t han 50% of ' S &. bel,ow. ,abgout. 600 n O .these, three
sanpl es ar ec?pleg?ég@'\ﬂ/i ?hvg\%gesr}%] I'eetlfklugshtt%% s%‘?m?lﬂ?g}éagﬁﬂpﬂ%@tare treat ed
wth twho ptireatmentd ofhReclaifth€6udhedl £BEC O\ -HN 4t,la5 ach
pul se has ag i ntensity of about 1.0 J/cn®., ThFeewgngyggéd%%ﬁ%sogerve
as control s* rﬂFfié'Fpgféﬁém e 1ght nespitad iin Rhowk medd byogr epductyioBlin
ten-fold dibatterdall comteat Vi(4als JHPlEU - 8 I6- 164! cri M qCY t eq‘iop' ate
seeded with ﬁg?i ‘CPV is allowed to adsorb for 1 -~ 2°hours, fhHen ved
fromthe wef ¥ &nd replaced with fresh culture medi um Supernatant sanpl es
are transferred fromthe CPV titration plate to fresh

EXAMPLE 3: INACTIVATION OF E. COLI IN THE PRESENCE OF BSaA
15 Five compositions are made up containing,
respectiv:ely, 'S, 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 vary'ing from 0.25 J/cm® per flash to 1.5
J/cn® 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 32f'c, counts of CFU were taken after 48

" hours. The results are set forth in Table A which follows:
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35 plates for testing by hemagglutination (HA). Atitration -21 4 AUG 2004
of RPM (wi t hout phenol red) is perforned as a control. Al titrations are
plated. in quadruplicate, nonitored for up to 10 days for the preggngg, of
CPE and/or cytotoxicity. Results are set forth in Table 1. 5 Table 1:
Treatnment of CPV with BSPL.. 10 *The detection limt of this test was
:53.16x10'. Post-exposure t|trat|ons are conpared to the pre-exposure
titrati on, Tabdedd: tBraatBentnefi £ ¢off Auspended oin| BSpy sRAdtimEed by
exposure to BSPL. Exanple 1 shows that 3 to 4 | og reduction of CPV
occurred using BSPL. The hjighest available titre js used in this exangple.
Greater redgction of viruses is expegt egrii®AIhi gher starting titres jre
- —S—ecHtet—He—a—-oWwet—

| l +h 20 i
used, nore Jul-ses—are—apph e 6F e e Y

LA AL ERY |

concentratiqn of prot ein. EXAI\/PLE 2: | NACTI VB$AO!I9W!1E COLI A sanpl e Jf
15% FBS was {i hocul at ed F. _coil (AT %ngrm ttc%to gitgg
overni ght, 4t3%2c, t§las ?ﬁa Sconcent r 4P on of x104 | ob

CFU/ m ). Zgé f PSxtoexcopgagi nat edﬁsgnpl @ ai ni Ngs 127 G(i)GQEU, .e.,
4.25 1log .5}_{323 hef—ttuf-rat-ed—w-+h—3—s '—*14 EHeH-ar—gR—ptH-S€55 ch!i at e0

pul sesl pul e 7811 sps3 pul sep2.93. 16x 92H03 16) 02~ survijvors* | —-—
#21x103. 16x362NoNO ;ur Vi VOT S SUT VI VOT b #33. Io4L0ZNONO Jurvivorg- SUT VI VOor s*

AVERAGE1X104® 18X 10PN01226x1p2 - Sur vi vbis™ -22 4 AKX 2004 ==~ ===

0.5 1 0.1 ——— - - ——

0.5 2 N.S.*kk%k | cuw -—- - -

1.0 1 N.S %%% | ——— -—- -— ——

10 1.0 2 N.S.%%% | e - | ——- - —

| 1.5 3 e N.S.%**% N.S.%%% | 4,7 5.2

11.5 5 —_ N.S.*%% N.S.%%%x [ 3.0 4.4

1.5 -7 ——— B N.S.*x%*% N.S.*** | 0.6 3.6

*Joules per cm‘ per flash
15 **No Treatment

*k*No Survivors

The results show that there is 6.6 log kill with a
single flash of 0.5 Jfcm” 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
- 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.% 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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of broad-spectrumlight (1.0 J/cn2/flash) in accordance with the nethods
descri bed herein so that the entirety of the conposition was illum nated.
Serial dilutions (lox) of the sanple were made (using 0.05M phosphat e
buffer) and plated 5 onto standard agar plates. The plates were 4 iéGbdfed
at 32C and counted at 24 and 48 hours. After 48 hours of incubation, no

surviving E._ coli.was, observed on Y, ates, Gven a_sensitivity.level of
20 RU (i - Beeasa T apRRaringte £Y 28Y0RL IR TR LRt R FE e of

E. coli -i nno@mrzatmes W8S, used hin usac expeeimeht, bbyadppregiriatdiyht
resulted in :a 3:10 i 10 epl 4. 2 -
173 og cruE g it onf g WEIREP e PRRRTHETerREE Yty | s
PRESENCE OF BS#3A salBu¥igrs conposi tions are made up contai.ni ng, respectively,
‘5, 25, , 75 a L |y BSék s Ay b bl $ el B O | QQi

wat er . . er nj htnﬂ(-:u tu?g(‘aé o?%%fﬁecér ompggﬁnﬁ‘lursdéf(a#f |e(%;t§58%§?® IS
added to eadﬂhltg'{ BSRL havingohpesrsibhessQ&nOrfad /Cie, r sl FVRE or 1.

concentrati gy porE£1GEH. | Batfled werk | OgesFbinitaup! €6 &' pipscd of
t hese suppl ement ed conpositions,are then taken _and treated with BSPL
usi ng dif f erntd er Z‘EHS $¥RRRERenhS BrT g PRIfoRmedy i &R tregnd

varying fromHe ZFeshiTv® pesrddedh to 1.5 J/cnR per flash. Each tine three
duplica %-sanpl e e and the results are avera

are 25.treated, ed.. . Threge
control s are ru??l?%ra g’t lﬁéﬁgom%n??ﬁWSn?gﬁdaﬁfgyre mﬁlg‘gaﬁs'be Sigma
averaged. FaliagnostptstAliphineptAéddtandnPEcsphlatazeakdt i (&idmei on at
32C, counts r en :S.: 4+ 1h | 8 e th in
Tabi e A whi ERIGIHE PR E RuiSlete. J8ETitlBe THY Srdlifed Tn2 b
Treat ment ‘senplSurwas otemiared cbal the showrepded: kondral ,6.a1d og kill wi-th
a expressed as a percentage of the control activity. The
15 results with and without BSA are set forth in Table B which

follows:
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single flash of 0.5 J/cnR.intensity in the presence of 5 ng/m of BSA
greater than 5 log kill with two f Iashes of 20 0.25 J/cnR, and a | ogg 9004
reduction of nearly 4 with only a single flash at that intensity. Wen
greater concentrations of BSA are included, i.e. 25-50 ng/m, conplete
kill is achieved by 3 or nore flashes of 1.5 J/cnR- intensity. At
concentrati crabbé RBboukc¥d PhosdpPbBatghel anfl SErBBAAlmidiiti onal fl ashes are
required, but lag reductions of at least 2.7 are readily achieved.

EXAMPLE 4. PROTEC¢+E%F€}1r¥5{}++E£F+%ﬁ%5EvBNbﬁtBUHFH———typ+OIIZed aci d
phosphat ase was gurchaseg¢l from Si gna Chem cal . (St. Louils, M) and
reconstituted inffilteredd 30 dei cni zed WaBéFOV&Iquuot ed ard stored at -20C
until Table A: Trleat ment jof E. coli | ESA s gns LOG SURVI VAL
J* FlashesBSA my/|nd. 5 25{50 75. 100 %ﬁn E@ 613
0.2512. Q-=----=-- n&* 0 2"%?132'5--1-’3-8 510 spg/ml) -
1.0IN. S ***- oo tn@IN. b. ***g 1. 53--- N_{@gi**N S. **’mo?ﬁ 2
1.55---N. S. *** N, 253044457 p-N-SE=N-G 2063624 4 AUG 2004
needed. Approxi ngt ePyS251 U/ L Xi nt ¢r nat i7®Hal uﬂl ts) % enzyme was used in
each expobrlrrent Dy .appréprrafely { dil %nglt |nto8 ther jfiltered
dei oni zed” wat er CL_BLEQLL1 A_sal uti ons reat ne was lcarri ed out
by-illum nating eacb_gampl e #ith BSPL dpaving Jintengggies qf 0.5 J/cnR, 1.0
J/icn?2 or 1.5 J/ gp—per—tH-ast—Sat eatec—wth—tm] to 5 pul ses

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
T 20 Examiﬂation 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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of light. Al experinents were performed in triplicate and the results
averaged. 10 - The activity of the enzyne was assayed using the Sigma

Di agnostics Al kaline, Acid and Prosphatase kit (Sigma procedureAdG Q4. -
Recovered activity of the treated enzyne sanples. was conpared to the
untreated control, and expressed as a percentage of the-control activity.

The 15 resuldsgp €63 abHawi theuinBSAsaba et hightP bBnéahkealiWpisCh
.follows: 41@71 04 Tabl B AC| Phosg tase and Serum.Al bum n’5 10915
*Joul es per ’?%P m}y a‘§‘ﬁ“ cBYaY 9§+« VSR EUTERREPTAFEREAON -BSA( 5y/ 1l )
Cntl.01009400% 0. 5170994% 0. 5269%88% 0. 5360%86% 0. 5454%82% 0. 5545%8%

I’ 52219749 ERIEHE 1 ggg[(g@ggﬁ 42, REBRDENE BndRBERKASE: Bne 1 o
0 e results
shows that the presence 0 ]
S Lypholized alkaline phosphatase was purchased from
Sigma Chemical Co. (St. Louis, MO) and reconstituted in
reconstitution buffer containing 10 mm Tris, 50 mm Nacl,
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 intc either filtered deionized water or 5 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 ligﬁf.
All experiments were performed in triplicate, and the
results averaged. The activity of ‘the enzyme was assayed
using the Sigma ﬁiagnostics 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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a concentration of BSA as low as 5 ng/m provides extensive protection for
the biological activity of acid phosphatase when exposed to

pat hogen-destroyi ng BSPL as can be seen fromthese results. \Wer dadUtHi0g:
enzynme woul d suffer a 25 very large loss in its enzymatic activity from
subjection to the amounts of BSPL used, very substantial protection is
provi ded by, tﬂ‘j[é %mﬂl AlﬁQﬂﬁﬁEtf’l%éﬁﬁa@&s@séndcsé&u&t @nbumimi t hout regard
to the intent et ween O. to 1.5 J/cn2 and for anpunts varying
froml to 5_f|ashes It is -26 4 AUG 200 expected that the inclusion of

hi gher concentr gtToms;—g-"g-— 10 O/ M, woul d provi de even}further

protection. EXAVPLE 5: JPROTECTI (N OF ALKALI NE PHOSPSATASE BY SERUM
ALBUM N 5 Lypholli zed al Hal i ne phgsphat aseReasvetrychased fiom Signa
Chem cal Co. (St}. Louis, MO and yeconstrratgd 1n..r nsfitution buffer
containing 10 nh This, 30 nm Nadl| Withawh cHap¥r tBH%%A This enzyne -
solution was a | fguotec ed gsp; 20C unt(sbngryaﬂQed Appr oxi mat el y

83.5 UL 10 of grRzyre—ag -each—experirent, by appropri atel y
diluting it intd enthler {fi I t@red dei ohPR&d walt er 309% ng/ i BSA sol uti ons.
Treat ment was cgrri_ed oyt rTTrum natd each saqpj@ga W tth BSPL having

I ntensities of 1.013/°an 1 5. )1 CnP 1 es were treated
with updo 5 puljseg ¢f | ight5 Al expﬁ(% ments vvereaﬁerfor'mad in
triplicate, and g-ts—av-etraget—Tte—actvity of=ttejlenzyne was -

assayed using the:LSisgms Di agnost|{ cs A&&l i ne Aci 89&nd Prjostatic Acid
Phosphat ase kit {Srgnma—qrocedure {104) gecovared 9% actijvity of the
treated enzyne 9am§4 & was _conpar bd t Pthe untreat? cantrlol , and expressed
as a percentage o gth‘:.,e . congr ol actlviig/. The resghs wi tjh and wi t hout BSA

are set forth in wh-eh-rfelte 5664—5 |
*Joules per cm pet' ¥iash AES

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 smgnlflcant loss in its enzymatic activity from
subjection to BSPL, e.g. 1.5 J/cm?, very substantlal
protection is provided by this concentratlon 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 (LDE) 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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Recovery J*Fl ashesWthout Wth BSA BSA(5ng/m) Cntl.0100%400% 1. 0386%1.00%
1.0574998% 1. 5190999% 1. 53529094% 1. 5512. 84% *Joul es per cm per flash %O
Exam nation of the results shows that the presence of a concent r at iAY

BSA of only 5 ng/m provides extensive protection for the biol ogical

activity of alkaline phosphat ase when exposed t o pat hogen-destroyi ng BSPL
15 a

as can be s&eg Lnon1tg sultﬁ thngg a g enz ne woul d suffer

signi ficant TOs8“*AY ¢ ?nﬁ% hep fi By 6 z84d ivaten enpb, mg/;l
1.5 J/cnk, vBSK sohutannsal protection is provided by thIS concentration
of BSA, essenti kL.n r e J/c for
flashes. It is eigg§9tgghﬁaga?hgg%%g és?gﬁ g& %iﬁﬁﬁl %%%d@ﬁ Y- lals e
e.g. 10 ny/ nwitluB8Ppr bavdbgeasnintenhéty pfolest thmmEWLﬂaﬁshE’ROTECTI ON

(Lo vas purShELes oo Sroake iy r Y 6 M1k U ERNE, "ORITC,

is at 4C, - an%l’@@?‘ﬁﬂﬁﬂ’ésrHﬁﬁ?eﬂe§§°ﬁ@§@eun pEpPdsiicadiesl RIBDOEIE Lresuldmsr yme

was used in La&PaQEqeri t r Qpr e I tase
And Sorum Al B aoeas! TR, aoShphen PR RLCRhalRE Ras el petR e

dei oni zed wﬁﬁ%ﬂm%rDSaﬁﬁPﬁﬁlcﬁskﬁgﬁPE?lBﬂEYd?Pgﬁpﬁﬁﬂ.K&E;tﬁ#gm%d out by

i |l unmi nat i ngpesedaasaP¥sooyd t IRESH efadi 86t 20ityt F1Sithe Ardated/ éﬂ%y&%

flash. 10 samples was ccmpared to the untreated control, and
-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 BSAa (S5mg/ml)
cntl. 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 biocactivity 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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5 Sanples were treated with up to 5 pulses of light. Al experinments were
performed in triplicate, and the results averaged. The activity of the
enzynme was assayed using the Sigma Diagnostics |actate Dehydrogegasengsi t
(Sigma procedure ,500). Recovered activity of the treated enzyne 10
sanpl es was conpared to the untreated control, and expressed as a
percentage of the control activity. The results with and w thout BSA are
set forth ignfell ¢1Rdshesch ref:@lvieimﬁ ofTalre Rharectel e fHehy of ogenfdesheds

Gt 1010094809 BELYF0SE BRFIbaoI Y b PN AE ST RS 8
*Joules pertn&1pamyheasﬁtﬁxaﬂnwﬂ|ﬂiasﬁestuaﬂb@ﬁwﬁ*ﬁwm%# }ebustratesns t hat

5,20 EHATRLEn B SHDMIEANAL bVl P USDSRLLR! €0’ LR2FRA0SS Of

bloact|V|ty Intensity as even
J/cn2. Hewevhat ame mmcoﬂazlstmma{q dip dshiPIEEECWIAR BSA in the

conposition [N | ]Q%? Qﬁ9§1 Jigs conplete protection of the enzyne
for two flagﬁQﬁ 5?%%85%53 gﬁ%re an 90% affer. -29_4 €%§L2004 t hree

f1 ashes, recoverﬁhdﬂaﬂﬁh@1Nﬂ¥¢ﬂ§?%&ﬁh%ﬁe#Qnﬁlﬁ¢%eﬁﬁ§ P8Bovery of

nearly 75% g Pﬁﬂﬂ&'@g'nfe%'n@‘aﬂ \é.ﬁé/cpflc tdibediwent af 4rd appa itatshess
Thi s exanple |I

tratés the exce rotection vi ded |_b to
enzynes thereof, numerous modi 1c£¥1§hs an varf%€1ons ch Be 'HQJE
10 - 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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5 that are particularly sensitive to this particular pathogen-destroying
met hod. While the invention herein disclosed has been described by neans
of specific enbodi nents and applications thereof, nunmerous nodi #i &4t i2ed4s
and variations can be-made 10 thereto, by those of skill in the art,

wi t hout departing fromthe scope of the invention as set forth in the -
follow ng clains. The discl osures of aléﬁﬁiﬁgences and patents are
expressly incorporated herein by reference.” 4 AUG 2004 CLAIMS 1. A nethod
of protecting a bionolecule from substantial degradation while reducing

the. pathogenic of. OtAGiuingal¥l 6roeaLethg®h BiBhBhadial lprdleri ved
conposi tion, which nethod conprises the ste%s of "providing abiologically
derived comsddistantiabdegradgtiopavhbyenredueingr thexpathegentic emst one

bi ol ogi cal | pierwesdi ©h®] @CobRteAtldbRlaabPyTby:1£8139 AetdRREsi tion to
d Suppl enent ed

create a supplenmented conposjtion, subjecting sal '
conpositionéaiﬂﬁqik9031xég#%ﬂ1PﬁF§€€ cPgRYLee8pEhe; stgpgr &fc sai d pat hogen
or other toxin, the meawidinglaspidlaybosl tyi desaiveddas eRRpDEHISHh

conposi tion bei.ng such that, ' said sub gctlng step rsduge t he- content of
sai d active 5% %Hacﬁﬁﬁﬁogﬁﬂiﬂrbé Ber texip anfaetolegdstiong t hout

degr adi ng thédmaginﬁkiy.aativaibyombleghﬁepipnnlepule to an unacceptabl e
The et hod accor di ng- et i TPuEl, €, Fafi L OupHhafioh, LRIASAAEF F ovi do
a concent r ashpplemented mompesitios, ng/nl in said suppl enent ed
o "oy oSS T80, S LA Lo ¥ rcna
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 biologic&lly

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 coﬁprises at least one
pathogen selected from the group consisting of viruses,
bacteria, Protozoa, fungi, prions, pyrogens and toxins.
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Interest as a part of said recovery step. 4. The nethod according to claim
1, wherein said biologically derived conposition conprises at Ieasx @qﬁ
pat hogen sel ected fromthe group consisting of viruses, bacterla U 04
Protozoa, fungi, prions, pyrogens and toxins. -31 4 AUG 2004 5. The net hod
according to claim1, wherein said biologically derived conposition
conprises at -least one virus selected fromthe group consi sting,of human
|nnunodef|0|encySV|ru@heHmvthd prvopdingphei €13in 1, hehanain $Ridepatitis

C, HILV-I EQBYEFEcaQXQOHEQQbQ&'EHﬁ pos$tibANcYApHkaki A& iddist 48nebovi ne
vi ral dlarr rus cani ne_parvovirus. 6. A biologically derived,

conposi ti onvébHearsilegtad FreRotBEUTECBP capgietinghedn sition has an
active vi ri‘hmﬁ%ﬁ%&cﬁ%ﬂ@?edlbma(Havy o1, ofiTut-2), epgpatitfi®mjts original

content as resylt of treatpent acgcor g.to a ile s
b|onDIeculehFBﬁﬁFﬁésbpolBﬁpéﬁFFﬁs § F%EG =X ?ﬂ@bn§&%08ﬁgﬁﬁﬁ%ﬁﬂBVFE“EValm
1, wherein §imﬂanb~abﬂ@uaahhg gérugedogobpoinei viradndiiayachéa vwigusi ssue,
fernmentation aroth rom.a_hioreactor, cell culture material or isolates:
from t r ansg@RPcCBPIBENBPEXRVAERE: 8. The method according to claim 1,
mherein said bionolecule of interest is selected fromthe group, :

‘consi sting of F ctor Lgkloﬁsgéggygéergggatggﬁggbgtldﬂrggﬁfgihﬂn a

i mminogl obul i n, nochn viral tors eparin, coll agen,
i nsul i n, -enbjeBelesdlenpigantenestuwhich campPRdtigmuhas @R, ackdverhe

met hod aCCO{,&ﬂ#ﬁ@ b%n%ﬁltn‘rédu\e’aar ByNaS2hdtosUBIFEaL NG aHtEN ¢ OFPbS i s
i1l um nating birologically derived conposition with at | east. one

hi gh- i nt enserjginRdr coaseati 8f BuF§§uéF PﬁcEF@PEW?“ﬁbeEHPB%ﬁ??c Cight in a
broad spectyiWaer %ﬂlbhﬁahagB&ohﬂh@ﬂﬁ&EYrb&aahs| AT dy (dadign?,

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, wviral
_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.



the pulse duration is less than 100 nms and the |ight wavel engths are
between 170 nmto 2600 nm -32 4 AUG 2004 10. The nethod according to claim
1, wherein said subjecting step conprises illum nating the biol qojis@l%m
derived conposition with at least two high-intensity, short duration pul ses
of i1ncoherent polychromatic light in a broad spectrum 11. A nethod of
usi ng broad-spectrum pulsed-light (BSPL) to activate a protein present in

a biologically dédvedPComsdiad FFafTddindatd Ciimihs wherohd| adbe of

ij nter ezt . SaistibjidtritheC etip ﬁidﬂ'@:ﬁifﬁss'[i@.ﬂillﬁfndﬁigild e ﬁi@i&ﬁgsén l'y
erived conpgsit.i on, conpri.si.ng a .qhotq-activata rotein angd at [east

Ot b ool b aaa e, Pl o St ok B iR R A ene b Pt shoss

create a supgueriiord prdisessiofl dmcoiietent! polyatimgndthicc bl Dylogi £a! hy _

derived conpgibgpﬁ%gé@f&g-at | east one pul se of BSPL such that said protein

is activate odt  substantially degrading the biological activity. of
sai d bionolecule. 12. A biologically derived conposition containing a

protein that has en gh ti r tyaceording
PO e e m 11 whi e o E‘.g‘(r?g?’g’gu|°?%r@?%g3%?%§eﬁr¥’ﬁeré?%@ BEEhECal Iy
active. 13.. (RSFEOhd® @ctavetecd myotedinomdesante ithia diekegitallyhe

content of vigewSved elaposdl ibaXihi%h @1EU'Ebnﬂ&ﬂﬁé“h‘%ﬁéﬁ?}@bﬁle of,
bi ol ogi cal l y ,derived conpasition; which mnethod conprises the steps of:
providing a BRSFE§FEal Ffldeleib@d GAFEiEIaY thsmFteRshPR virus or
chem cal toxin and/or brwvagi@qlhsbi@m&g@baﬂyymaégmvt&né&ﬁﬁggﬁfiﬁnact|ve
bi onol ecul e of _interest; gdgin% %Lbuniglto sakg.co osition to provide a
suppLenentedceﬂﬁﬁ&fﬁppoﬁ;p Rio—ac ivatable protein and at least one
biomolecule that is biologically active; ‘ '
adding albumin thereto to create a supplemented
composition; anad :
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 biclogically 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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-33 4 AUG 2004 illum nating the suppl enented conposition with at |east one
hi gh-i ntensity, short duration pul se of incoherent polychromatic light in
a broad spectrum (BSPL), such that the content of active virus rAﬁf ﬂhcal
toxin is reduced by at |least a -factor of 10 or such that said iV|n2
cells are killed, while the bionolecule of interest remains biologically
active. 14. The nmethod, according to claim 13, wherein albumin is added to

provide a concentrati ohl PHRIRRFING Lhe (SUBRABPERERe FRRATITAIBHNYHEPWREN
about | no/ Meaditd GO WHiAV-imBendityp. sibetmatikad iaec puliseg dfo claim 13",

wherein said at . least one virus js included which is selegted f e
group consi dMGRpEFETk \P‘l,yﬂ:‘(ﬁ%th‘ép&‘g}ﬁslﬂ, ahg’ﬁgﬁ%[ =P %r%pégg%#‘z' C,
HTLV-1, HTL¥udh thdtnegal conterst &/4@ctboei wérusi oal dheairdada oxin asd
cani ne parvoviJus d ergin id ' cyl,e _of _inker [ s
expression 5@5{3{f§£}f¥‘§4¥g§%ae§?§%| ﬁ/g{éﬁg?ége#gdor%mﬁna | é:ﬁlsdételﬁsaﬁn%.lvigg
The net hod seddrdiaxe tkoikled mvlsilevehei hiompdeculleytifhdiniterest coenadnsout
under condi tj. i nactivation of the virus results in at
ﬁlg%g&%q?i%e ui&faécﬁ 1¥e.

| east a two on 1n active viral content. 17. The nethod
according to claim 13, wherein said illumnating step conprises

i11um nating the ;guppli@fSthodi HOGEGhYYtecEI¥ath AP dredin WatBulin
| east two high- intensity, short duration gulses of i ncoherent,

pol ychr omat i€ BdERA (4P PGP HPPeRItEakien EHerePt Afk SAtFod

accordi ng t guppidiehtedEdn@dl ititon bbetwkesukdott iNty/Aal drsd sebeatego
fromthe grog& consisting of insulin, transferrin, heparin, collagen,

am no aci ds™® éﬂrones, pepti des, nonocl onal antibodies and enzynmes. _ 19.

The nmethod according to claim 13, wherein the
- 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
- wviral diarrhea virus and canine parvovirus and wherein said
biomolecule of interest is an expression pfodu&t 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
inactivatién 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 comﬁrises illuminating the supplemented
biologically derived composition with at least two high-
intensity, short duration pulses of incoherent
polychromatic lighf in a breoad spectrum.
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bi ol ogi cally derived conposition conprises a product of a genetically

engi neered manmalian cell |line which contains a protein that constitutes
sai d bionol ecule of interest. 20. The nmethod according to clain118 ghereln
said albumn is added to provide a concentration of between abo tAU

and about 50 ng/mM in the supplenented conposition, wherein said

bi onol ecul e retalns at_| east out 80%of its biologic activity
fol l owing said MBlrumiig BEFD éai?QMRFQ%Wgsﬁﬂ(P%ﬁ%ﬂﬂ#ﬁﬁﬂﬁ%@?%lFeEB@bred and

optional |y Beépabdeedller of Sautkraistunis.selected from the group
consisting of insulin, transferrin, heparin, collagen,
amino acids, peptones, peptides, meonoclonal antibodies and

enzymes.

19. The method according to claim 13, wherein the
biologically derived composition comprises a product of a
genetically engineered mammalian cell line which contains a
protein that constitutes said biomolecule of interest.

20. The method according to claim 19, wherein said
albumin is added to'provide a concentration of between
about 1 mg/ml and about S0 mg/ml in the supplemented
composition, wherein said biomolecule retains at least
about 80% of its biological activity following said
’illuminating, and wvherein said biomolecule is recovered and
optionally separated from said albumin.
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