SPECI FI CATION Al R PURI FYI NG FI LTER TECHNI CAL
FI'ELD This invention relates to an air purifying filter 5
having an enzyne inmobilized on a surface of a carrier. The ~ invention
particularly relates to an air purifying filter havi ng an enzyne

I mobi lized on a surface of a HEPA filter “which is conposed of
boron-silica glass fibers not rendered to be water repellent,

i on-exchange fibers having functional 10 groups or boron-silica glass
fibers coated with a pol yner ha\WREC TRIGATION: gr oups. BACKGROUND
ART " Various air purifiers (air cleaners) and air washers

are known as apparatus for renovi AGRURURRF¥ENGaFEELTERs from 15 air. Air
purifiers (air cleaners) are apparatuses that primarily depend on air
purifying fil TBEBNIGAL FIEEBrs) for filtering off unwanted naterials
In air such as suspended fine particles (e.g, dust) on which gaseous
cont ani nant s, This, bnyenbien ireldbegakPsAB LENPEELERERG  £A1ERE 20

' Iy d ited. Al h i ch ical
“nvol ve ¢ he vBSRERG SR shrImR, ImaRbLTfod BRososuriac pf, a,chtRLRErcl Bae
' ' t f Lr. The first, L I Ls Lfying
filtors are Tovshaon BREEHoyarre otghes Ghi B RADCODELRIABICFAREAT &
it 25 1 fic. fact terial Wt G
particl o si Puaruip it Frrphd RuSol EERBH B’ € hedEel AR MCRerp, Barrer,

g;zﬁe?gaiL:gg@h%gﬁgﬁéigﬁﬁpgggggéng§£§g%Eﬂlﬂé&sglass f%@QQESnoEOthhgied
-1- to be water repeilent, ion-exchange fibers having functional
10 groups or boron-éilica glass fibers coated with a polymer
having functional groups.
BACKGROUND ART |
Various air purifiérs (air cleaners) and air washers
are known as apparatus for removing unwanted materials from
15 air. air purifieré (air cleaners).are apparatuses that
primarily depend on air purifying_filters (air filters) for
filtering off unwanted materials in air such as suspended
fine barticles (e.g. dust) on which gaseous contaminants,
- fats/oils and micfoorganisms such as bacteria are
20 occasionally deposited. Air'washers are apparatus which
typically involve the washing of air with water to remove
dirt/dust particles, microorganisms, etc. from air.
The first mentioned air purifying filters are
available in various types which have been'developed to suit
25 specific factors such as the material to be removed, its
particle_éize and the.efficiencj'of particle capture. The
filters are also available in various shapes including mats,

wedges, fold-ins, baskets;'bags, panels and boxes. However,
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singl e use of the conventional air purifying filters has been unabl e

to achi eve conpl ete renoval of air-borne m cr oor gani sns such as nol ds,
bacteria and fungi. Further, _ the m croorgani snms captured on the
filters are difficult to 5 control or kill and may grow on the filters and
scatter about to cause secondary contam nation; therefore, the
existing air purifying filters have not necessarily given - sati sfactory
results in the air purification treatnent. Under the

ci rcunst ancessingdepuseent theemooventhonght airopurifying Ealyess bRBective
in controlllng or killing air- borne m croorgani sns such as nol d,

bacteria and Pe@gjunable tar pghievecramphesenrowovals af BAENPPFBLosed as
bacteriacidal/sterilizin anti m crobi_al peans nzyme and they
i ncl ude the ﬂBi?BﬂPﬁganigBS such ag, pohdse PQFEﬁFiPuBBchFPQH Noturther,
21422/ 1979 di scl os ntro croorgani,s
heat-reS|stan€he mgcf@?FggﬁﬁF@§)CFH%BF8§e8§e5LFog&EkﬁF§ha § dlg%lg 1% to

charset e ecchBron, ok B8 ahd Rev: a5V PRCTeR sulBeRboHReCRRRERETY ©0
val I 1ysing ehgyae ﬁéfaéﬁgédséeohHQF& QGnQEmihé%&bﬂg thege%ﬁkér'%hé therEOf

and the mxture IS specil I me and subsequent |y heat

treated. ex1st1n§aﬂife§ﬁrff§§ﬂb Eﬂ?héisEhﬁ%boﬁﬁfenégesgg§§igl%&%en
describes a biocatal yst inmmobilizing carrier for typical use I'n the

food industrysybisPablsrg #estu286J2Ai $HeOhidNpARIF¥iBation tRahtwehl.as a

bi ocatal yst immobilized on a carrier together wth a lysing enzyne.
According to the pagedér thenpistymstancsekcr thegppessnti inlredeors thought
Gram negative bacteria, G ampositive 2

- 10 of using enzymes effective in controlling or killing air-
borne microorganisms such as mold, bacteria and fungi.
Various techniques have so far been proposed as
bacteriacidal/sterilizing or antimicrobial means using
enzyme and fhey include the following.

15 Japanese.Pateﬁt Publication No. 21422/1979 diécloses a
method of controlling microorganisms (e.g. heat-resistant
cell spores) in processed food which is characterized- in
that at least one member of the group consisting of urea,
thioglycolic acid and mercaptoethanol, and a bacterial cell

20 wall lysing enzyme are added to the food or starting
materials thereof and the mixture is held for a specified
time and'subsequently heat treated.

Japanése Patent Public Disclosure No. 30584/1989
describes a biocatalyst immobilizing carrier.for typical use

25 in the food industry which has a microorganism or an enzyme
that work as a biocatalyst immobilized on a carrier together
wifh'a lysing enzyme. According to the patent, exemplary

microorganisms'include Gram-negative bacteria,'Gram-positive'
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bacteria, yeasts and nolds; useful enzynmes are hydrol ases . such as
dnyl ase, protease and |lipase; |ysing enzynes include | ysozyne,

endo- N- acet yl mur am dase, endo- N "~ acetyl gl ucosam ni dase, autol ysin,
ensopepti dase-type 5 bacterial cell wall |lysing enzynes, am dase-type
bacteri al cell wall lysing enzynes, nold cell wall |ysing enzynes and
yeast cell wall |ysing enzynes. Japanese Patent Public

Di scl osure No. 5822/1990 di scl oses an al coholic preparation for use on
raw veget abl @adieriwi reasicoraold pekdegquseiek ¢yzymesars hydeolases
antim crobial agent and which has the pH adjusted to be wi thin the
range of 2.0 Such (As AnykAse oPECRAFS | and fbiPase: lysing engynescinglede
whi ch i ncorporates an organic acid and an organic acid salt or a

phosphat e salk¥SQ/mENe heeRP Ny ke bylmuramidase. @R3Pt he range of 2.0 -
AREEEH T e TR ML LR
ctfect vehy HRSRTRE dEH ol Il Slemek, ARG e vagfiriats o
o n. by oducdeit Wil AFSHEG end e ndlE cot1 PP AIYEERG Salalingd ftina

describes a yeasérg ﬁglicmygfééwéﬂéiﬁg%pn whi ch conprises allow ng a

l'ysing enzyne such as |ysozyne, nase or [err]-1,6-glucanase to 25 act
upon food and then fapguRsdd Batdnt PWLLL (DASEOIbSure No ! IS8EIEIH90

Japanese Patent Public D sclosure No. 76362/1993 describes a process
for producin@igstryee-awdbiéchélic preparation for use on raw vegetaBle
10 which incorporates egg white lysozyme as a natural
antimicrobial agent and which has the pH adjusted to be
within the range of 2.0 - 7.0, as well as a modifier for use
on raw vegetable which incorporates an organic acid and an
organic acid salt or a phosphate salt, has the pH adjusted-
15 to be within the range of 2.0 - 7.0 and also incorporafes
egg white lysozyme as an antimicrobial agent.

Japénese Patent Public Disclosure No. 23856/1990
discloses a food preservation method which, for the purpose
of efféctively preventing putrefsction and deterioration of

20 food, adds a polyglycerin fatty acid ester, lysozyme and
protamine to the food being produced.

Japanese Patent Publisation No. 22144/1991 describes a
method of food sterilization which comprises allowing a |
lysing enzyme such as lysozyme, kinase or B-1,6-glucanase to

25 act upon food and then subjécting it to an ultrasonic
treatment.

Japanese Patent Public Disclosure No. 76362/1993.

describes a proéess for producing 1ysoiyme—containing
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particles which conprises the steps of applying a spray of an aqueous
I'ysozyme slurry into the reaction chanber of a fluidi zed-bed reactor
together with the core particles of a hydr at abl e subst ance,
evaporating the residual. water so that 5 the dry |ysozyme coating w ||
remain on the particulate core substance, to thereby provide

| ysozyne- contai ning particles. The patent teaches that the thus
produced | ysozyme- containing particles are useful in various kinds of
f oods, - eanidles wivithicenprisestthe sigps of iapplying a spray of
Japanese Patent Public Disclosure No. 276910/ 1993 . discloses a food
preservat i ve AhALAS XSRS S1urry cpn rithe reagtinnichameer of at

| east one substance sel ected fromthe group consisting of Ifsozyne,-an

anti ni cr obi alflidtzeR Pk FeRERF (1WRTheD TR the £r%e dIeriicles ofksier
217730 1054 HArafaRin ADStaneR SYIRATVE I FREUA JRCSE i phat.
Gl vei ne. Boui i ADEY eSO TIRe P apY Sithal ch cne BECHL ARt R S
capryl 1o acl FUSHEE s ar e Rebeby prdt RS R Knd LA MY Sie Brcles.

combination Wrd gl¥éh{Ceaches SHULIRIE KIS pl JRKIIABLAG iy PhoSphal e
al t houg ys

salt. The patent al so teaches that ozyne 1s said to have a

lysing 25 Q'fér?@diniﬁ% FaFeLelyeness udefull 18 0d P1SQF X TAdS OPE afoods,
strains and it cannot be clained as a practically feasible

bact eri ost at- ¢dsmsere#) afi@dicines and othdtngsrlfwdeidndubl i ¢ Di scl osure
No. 246157/1994 : - 4 -

10 Japanese Patent Public Disclosure No. 276910/1993
disclosés a food preservative characterized by the
combination of protamine with at leést one substance
selected from the group consisting of lysozyme, an
antimicrobial substance extracted from licorice, vitamin B,

15 ester and a polyphopshate salt.

Japanese Patent Public Disclosure No. 217749/1994
discloses a food preservative which comprises a caprylic
aéid monoglyceride and/or a capric monoglyceride in
comhination.with glycine, sodium acetate, lysozyme and an

20 organic acid or an alkali salt therebf, as well as a food
preservative which comprises a caprylic acid monoglyceride
and/or a capric monoglyceride in combination with glycine,
sodium acetate, lysozyme and polyphosphate salt. The patent
also teaches that although lysozyme is said to have a lysing.

25 effect, its effectiveness is limitéd to some microbial
strains and it canhot be claimed as a praétically feasible
bacteriostat if used alone.

Japanese Patent Public Disclosure No. 246157/1994
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di scl oses a cell adsorber which has the denatured product of a protein
such as |ysozyne, avidin or trypsin i mobilized on a wat er-insol uble
carrier. According to the patent, cells can be effectively separated
or renoved froma cell- 5 containing solution by using the cell adsorber.
Japanese Patent Public D sclosure No. 236479/1995: di scl oses the

| ysozyne binding of an antim crobial conpound sel ected from anong

pl ant - derived anti m crobi al conpounds (e.g. perillal dehyde,

ci nnanal dehyddischoses| al dehydagdsorbennwhictchgadethpedenatiangdepanduct of
vanillin), antibiotics, synthetic antim crobial agents, etc. The
patent teache® PrOte%haﬁuFQSGEyﬁisﬁéﬁﬁﬁ t 8ViAEBeOBNEF¥PELBHLENOBARBERAISN S
useful in nmedicines, quasi-drugs, foods, etc. There have al so

been proposedaV%?F%HSiPﬁB¥§B%?ccaEBiﬁﬁt|rﬁQ§Qﬁﬂ%ﬂ9rﬁﬁeﬁh%ﬂ%@V&ﬁ%h Fltks
t bi al t.al d ted
?EoLg;ﬁrg L:f?gﬁrﬁéSeEEeGE&Xﬁ$¥e§eHF€a§ﬁ8réﬁggﬁggﬁ?gggg?ﬂbﬁaeggéeﬁtsoﬂaving
| d oth ' d h -
exchange, 5i notorriRind] ipLebEPs, BYCRRERS 0P 58T, AiebEbOES" 11\,
supported on Ca|CIUR%§Qgéan§§ éH£°ﬂgﬂlfQSB£BE%8§ure No. '59899365995

anti m crobi al agents ‘havin ver I oNns Su Zl rco

phosphat e t hr gl L0985 eﬁfoaﬂQSozﬁﬁQ b&!ﬂ&ﬂﬁa' 6f an afRihiLEbBRLE! caﬂgahﬁa

havi ng silver conplex salts SuppoOrted on anor phous silicon oxi

through occl uséP8ctédesLom2amohgOpant caapri-aacanbiml coBbeal abompbanasp! i ed
to fibers, . pl astics, filnms, paints and various other products -

(ZEQLI TE, (evel . péﬁib@alﬁehi&ﬁﬁ)clﬁﬁam5§dﬁﬁyde, salicylal¥ehiyays
carriers have al so been proposed for use in
- 5 - 10 anisaldehyde, benzaldehyde and vanillin), antibiotics,
synthetic antimicrobial agents,letc. The patent teaches
that lysozyme bound to these antimicrobial compounds is
useful in medicines, Quasi-drugs, foods, etc.
There have also been propoSed various inorganic
15 antimicrobial materials which have antimicrobial metals such
las silver, zinc and copper supported on inorganic carriers.
Examples.are inorganic antimicrobial agents having silver,:
zinc and.other ions supported on zeolite through ion-
exchange, inorganic antimicrobial agents having metallic
20 silver supported on calcium phosphate through adsorption,
inorganic antimicrobial agents having silver ions supported
on zirconium phosphate through ion-exchange, and inorganic
antimicrobial agents having silver complex salts supporfed
on amorphous silicon oxide through occlusion; these
25 inorganic antimicrobial materials are applied to fibers,
plastics, films, paints and various other products (ZEOLITE,
vol. 13 No. 2 (1966), pp. 56-63).

Various carriers have also been proposed for ﬁse in
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I mobi I'i zing the aforenentioned enzynes and they include the _

f'ol | owi ng. Japanese Patent Public Disclosure No. 48825/1974
descri bes the use of ‘phenolic and aliphatic am ne-based ion-. 5 exchange
resins as carriers for imobilizing egg white | ysozyme.

Japanese Patent Public D sclosure No. 48080/ 1984 di scl oses the use of
pl ati num coated with Anberlite or am nat ed pol yvinyl al cohol and the
i ke for conplex 10 immobilizing of nore than one enzyne.

Japanese Pat etmmébblizingsthesaferamentidgpnediengymes andstheyeinchudesshef
nonwoven carriers conposed of natural fibers or chem cal fibers or

m xt ures t herE@tlowinge web for i mobi | i zation treatnment of '

bactericidal |ysing enzymes. 15 _Japanese Patent Public Disclosure
No. 30584/ 1989 JapaRaee RatertnRublipokidclesutedirc 48829 LbAH4
structures,

a nenbrane, particles or a rous_po as_bi ocat al yst
b 1 21 ho ASFFTAPeanBAB SRAPENBRERP L feahsr SLIPRREL P anthd-Baged®Lon-
specificaldy described, 20 Japanese_P tené blic Disclosure No.
>56sss) 1000 SXShangEikestRe ASecBFTLREANToR. COPRBMGLotag: ROdovBtRr | or
for suppf%ééggggnulin-D—fructotransferase. Japanese Pat ent
Public Discl ostire ~ 39239/ 1990 di scl oses the use of a porous

ani on- exchange resi jagsn8Be BEt&ATYPELITEORLLEILEErE M6 CisdBOp oS €i ther

primary an no groups or secondary am no groups or both as exchange
groups. disclod@fagRecubat 88!t pPHlhhGmDesateauwethoamid 8644980

teaches that a porous nenbrane, fibers or spun yarns of
- 6 - aminated polyvinyl alcohol and the like for complex

10 immobilizing of more than one enzyme.

Japanese Pateht Public Disclosure No. 49795/1985
discloses the use of nonwoven carriers composed of natural
fibers or chemical fibers or mixtures thereof in the web for
immobilization treatment of bactericidal lysing enzymes.

15 Japanese Pdtent Public Disclosure No. 30584/1989
teaches a column composed of ceramic honeycomb structures, a
membrane, particles or a porous body as biocatalyst
immobilizing carrier and one which is formed of cordierite
is specifically described.

20 Japanese Patent Public Disclosure No. 256388/1989
teaches the use of an anion-exchange resin as a carrier for
supporting inulin-D-fructotransferase.

Japanese Patent Public Disclosure No. 39239/1990
discloses the use of a porous aﬁion-exchange resin as an

25 enzyme immobilizing carrier which has eithef primary amino
groups or secondary amino groups or both as exchange groups.

Japanese Patent Public Disclosure No. 41166/1990

teaches that a porous membrane, fibers or spun yarns of
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ceram cs, glass or organic polynmers, as well as nets forned by

Knitting such fi-bers or spun yarns or particles thereof are suitable
as enzyme-imobilizing carriers. Japanese Patent Public

Di scl osure No. 269362/1991 5 teaches the use of latices as carriers in

I nmunol ogi cal assay reagents. . Japanese Patent Public

Di scl osure No. 91117/1994 di scl oses an air purifier having both a
slinme bacteri al filter and a filter based on an antim crobial polyner.

The 10 pat eseramies i egbdes oheorgaiial potyners porywelthame netssformed
pol yet hyl ene, pol ystyrene, polyacryl am des and/or various

phot ocr ossl i r’ﬂéatiﬂbl i%o‘é%@r QrsS \QF hSPUR YRTFy9seeE Rartheles thegeeff or
I mobi lizing slinme bacteria produced, |ysing enzynes and anti bi oti cs.
15 As BRR | FHERRIR\2S $RZYHR-Hweohi FACTHTDus fields
such as food, medicjnes and cosnetics at enz t hose
having a |ysing act]3RARRS MR | Rp: Disc ?/%‘b‘i?/n"éobezg%% ?ﬂg%%l ution

f or bacte5|0|dal anti.m cr obi reservative, antino nd ot

bur poses. B o Sacnéd L AT S a% Aetiaef F TarLSR I Lyt fSsiSaboca i n
the art that é§ é)fsﬁe %éh%ge I dea that an -air purifying filter made of

a specified ma e enhanced in its ability to control, kil

or other vi se I eV el £{ 00 SR pub11 MDY NG 5111?/1#1h the

above-nenti oned enzy 25 aving a lysing actio esent
i nventors comﬁ&bégta@sayﬁ ParE £6r Waving B&Kh NS @pﬂﬁ@asaeﬁei-iam

various viewpoints in order to enhance the ability of an air purifying
filter to cotiDier and a filter based on an antimicrobial polymer. The

10 patent alsb teaches the typical use of polyurethane forms,
polyethylene, polystyrene, polyacrylamides and/or various
photocrosslinkable or photocurable synthetic polymers as the
base for immobilizing slime bacteria produced lysing enzymes
and antibiotics.

15 As outlined above, it haé bee proposed in various
‘fields such as food, medicines and cosmetics that enzymes;
for example, those having a lysing action as exemplified by
lysozyme be used in solution for bactericidal, antimicrobial,
preservative, antimold and other purposes.

20 However, no technical means has ever been proposed in
thé art that is based on the idea that an air purifying
filter made of a specified material can be enhanced in its
ability to control, kill or otherwise remove microorganisms
by combining the filter with the above-mentioned enzymes

25 having a lysing action. | '

The present inventors conducted intensive studies by
making approaches from various viewpoints in order to

"enhance the ability of an air puriffing filter to control,
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kill or otherw se renbve mcroorganisns by using it in conbi nati on
wth a lysing enzyne either alone or in the copresence of various
proteins, peptides, polysaccharides, etc. As a result, the inventors
found that by immbilizing 5 enzynmes on the surfaces of carriers which are
made of - specified materials and which have specified shapes, the
ability of the air purifying filter to control, kill or ot herw se
renove m croorgani snms could be enhanced and mai nt ai ned for a prol onged
peri od. The kkxkseart otherwise rdmovéasidtreorganbsms i Bhadsimgthe basis of

t hi s finding. Di scl osure of Invention The invention

provi des an aomipipatiomgeithtarlyginggenzyme o¢il thel n@lomeodr| inecthen t he
surface of a carrier. ' The invention also provides an air
purifying fi |3RTe3SNCHRF NFRE-PEF Rrarelms . cPerbider. | Redbysaccharsdeshe
surfaces’ of non-water repellent, boron-silicatﬂjass fibers through

coval ent bondtfy af® & HEFHIE bdRE dgventors foundrihat, pyhimmeokifkding
id ' i fyi filt i ch | f

P rmobi 1 280 S aien Dhe rsutieces, ofiitrbars Y EHcrRg BRSO ot 0.

bondi ng. - sai . . . | ' e

ondi ng Sm‘%ﬁ%g%;#$§x§%ﬁé%fglgeé§% Qﬁf&grﬂ%YQg%p¥@if{?égﬁﬁ$ﬁggf4E%§r° | he

boron-silica . aving a di anet¢ . nor e . rrlm
runt o7 LoRBLECE' 5 Sl erPHILY POLLEE 65 qdiuclpy g beroe
o oy T AR 20 BEeobObtlne couldbs LpReh3ea enc
- 8 - . maintained for a prolonged period. The present invention
10 has been accomplished on the basis of this finding.
Disclosure of Invention .
The invention provides an air purifying filter having
an enzyme immobilized on the surface of a carrier.
The invention also provides an ai: purifying filter
15 ‘having a large ampﬁnt of enzyme immobilized on the surfaces
of non-water repellent'boron-silica glass fibers through
covalent bonding and/or ionic bonding.
The invention further provides an air.purifying filter
which has a large amount of enzyme immobilized on a HEPA
20 filter through covalent bbndiﬁg and/or ionic bonding, said
HEPA filter being based on non-water repellent microfine
boron-silica glass fibers having a diameter 6f no more than
4 pm. |
The invention also provides an air pufifying filter
256 having a large amount of enzyme dispersed and immobilized on
the surfaces of radical-having ion-exchénge fibers through
ibnic bonding. |

Further in addition, the invention provides an air



purifying filter characterized on that a | arge anmount of enzyme is

di spersed and i mobilized, through ionic bonding, on the surfaces of
boron-silica glass fibers coated with a pol yner having radicals or
functional groups. 5 Brief Description of Draw ngs Fig. 1is a
graph showi ng the time-dependent changes in the nunber of viable cells
of a m croorgani smwhi ch was captured with a prior art air purifying
filter (air purifying filter Ax of conparative Exanple 1) and an air
10 purufyungpmrifﬁ1n3c§@luengch@r§Qbernzeﬂtoontbatrapmargyungount ofilter
A of Exanple 1); Fig. 2 is a schematic view of the air-borne
n1croorgan|sn@%%ﬁ@ﬁr%ﬁngEEQFﬁﬁésaﬁgeHmP@bé%éFQﬁtetbﬁ@ugh lOE#PebPP@éﬁéss

of the air purlfglng filters used in 5§E0|f|ed 15 test Fi g.
3 is an el ect?®n H?c?Bﬁf%ﬁﬁssﬁSmPﬂ§°ﬁo lica ﬂ%@?ﬁofﬁBﬁF§nF€éFP§ WéFB a
captured by an fi.lte to the I nvention (air

prrlfylng fll?%f§%ﬁgg$avxn Eﬁgﬁﬁ?is4?r gﬁacgéanag grrr g. 4 is an .
oror art Bt (EELEE ERRM BR AR or el R E el Lor D of - Conpar at ) ve
Ex | 7 I

-coﬁg?lfue%t naterlgfi? ?%%O%a§?§%r|%?° egt{?ﬁ‘e Eyﬁgta ﬁ?ngént CP?nPZEe

~according to iﬂethgvs&h?ef bf 9ehoibntéedls of alﬂiéwopgamsml Rh1VAY was
g as it is capabl perform ng as an air purifying filter;
exanmpl es incl yggtupeaOWStR’ 8aPkEor art air purifying filter (air - 9 -
purifying filter Ax of comparative Example 1) and an air
10 purifying filter according to the invention (air purifying
filter A of Example 1):;

Fig. 2 is a schematic view of the air-borne
microorganism measuring apparatus used to evaluate the
effectiveness of the air purifying filters used in specified

15 tests; -

Fig. 3 is an electron micrograph éhowing how
microorganism cells were captured by an air purifying filter
according to the invention (air purifying filter D1 of
Example 4); and |

20 Fig. 4 is an electron micrograph showing how
microorganism cells were cabtured by a prior art air
purifying filter (air purifying filter Dx of Comparative
Example 7). _

Best Mode forlCarrying Out the Invention

25 | The constituent material for the carrier of the air
‘purifying filter according to the invehtibn is not limited
in_any parficular way as long as it is capable of performing

as an air purifying filter; examples include various organic
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fibers and inorganic fibers such as cellul ose fibers, asbestos fibers,
gl ass fibers and non-glass synthetic fibers such as ion-exchange '
fibers, and they nay be used in di fferent applications dependi ng upon
the characteristics of 5 their origin. Anmong gl ass fi bers,
boron-silica glass fibers have adequate strength in fiber dianeters of
4 [err]mand | ess and, hence, are suitable for fabricating

hi gh- performance filters - capable of efficient capture. 10 In
order to ensuffidbearmtamd | ingegambenfibdérensycie as cellubdsecfibery,

I rmobilized on fibers, it is preferred to use. boron-silicate gl ass
fibers not raaheskPs Cikendit eglass fibeps|arntinonytgiagss et ikettic fitberse
i on-exchange fibers havi ng functional groups, as well as_glass fibers,
15 pr ef er abl BUPbrH-kon 1 @%ghange Eihepe, sanghrkey My RRatesed in with a

pol ymer havi ng, functional groups. There are no articular limtations
on the functi eﬁ?‘b%pﬁpﬁﬁ’a?ag‘a‘?f’%egepend{%%dlm R HIALRCESEHPF LSS P
-NHR (Ris n H but:ﬁn al kyl group which is either nethyl, ethyl,

propyl sePectBfIHPT9YM bet ween n-propyl and i-propyl, or -butyl selected

f b- . = [ : : |
T 0 e e L o Sy,
ai t puri fyingdddiidie | StAigth M Finer aldndtUrdat |£Ydad@y1808 dhary

formo nonwoven C , Oor It may assune

be cotton-like aS iIn
any other shapffce, ard $hihavibe ffdf SfaPPOdtin® EYSOBSTEHAMANES €81 8PErs
screens. The honeyconb nay take any cellular formwhich nay be

pol ygonal (e dhpdticinsel ées16esuEngspeize pent agonal and

- - 10 | In order to ensure that a 1argé amount of enzyme is
effectively immobilized on fibefs, it is preferréd to use
boron-silicate glass fibers not rendered to be wafer-
repellent. Also preferred to use are ion-exchangé fibers
having functional groups, as well as élass fibers,

15 preferably, boron-silicate glass fibers, which are coated
with a polymer having functional groups. There are no
particular limitations on the functional groups that can be
used and preferred examples are -NHR (R is not H but an
alkyl group which is either methyl, ethyl, propyl selected

20 from between n-propyl and i-propyl, or butyl selected from
among b-butyl, s-butyl, i-butyl and t-butyl), -NH,, |
-C,H,NH,, -CHO, -COOH, -OH, etc.

The shape of the air pﬁrifying filter is not limited
in ény particular way and it may be cotton-like as in the

25 form of a nonwoven cloth, or it may assume any other shapes
including filter paper, hoﬁeycombs, particles and screens.
The honeycomb may take any cellular form which ﬁay be

polygonal (e.g. triangular, rectangular, pentagoﬁal and
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hexagonal ) or corrugated. A preferred exanple is described I n Japanese
Pat ent Public Disclosure No. 15028/1984 and it .is an assenbly of
ceram c fibers (HONEYCLE carrier), in whi ch sheet-1i ke assenblies of
ceramc fibers selected from 5 anong inorganic fibers such as silica
fibers, alumna fibers, alum nosilicate fibers and zirconia fibers

whi ch are bound together with silica gel are staked to form
honeyconbs, t her eby produci ng a honeyconb structure. - In .
particul ar, dheErgoial) corwortugatedevd @raferred Glannleofis egrsibadr
proj ects of nucl ear technol ogy devel opment by maki ng use of the "depth
filtration" in J$P¢m%$%l%aﬁﬁ@twﬁmbhi¢sDbQS%@SBﬁenﬁgro¥$&%361&§é andel§
([err]4 [errImin dlaneter)- reinforced with a small ampunt (typically
no nore than #@@a%fa%ﬁ@$553 r%ﬁﬁm@+ﬁs§1P?B§r§H9H§Y§B§nﬁarﬁser?ogéPher

i th ' d 7%. i '
o e erreq oanpfich iSRtet PLES adsSRRIELECe Sollnic 1FRFS SPE8LSH Brim e

physical %ssuéﬁ?ﬁiﬁ’é?%rgﬁiﬁaffﬁﬁ%i ST tnco S 4P bt RReFr, C#,enig{?ﬁggpg'rg "
capabl e of argast] gy heastePHePI%08 P1ich m%’lﬂ@f;'&ﬁféh are_pBung ,

quasi - hi gh per capab arresting

99% of . 0.3 [61;6 JSLAEF i‘fﬁ'&if:?cé‘“&ei‘naﬂpétéké&e’éo formoﬁoﬁ@*éamﬁge

arresting perfornmance been enhanced to an ul trahi gh Tevel

The enzynes tgndfebyefrbdutifgi &VRShEPBombEsBBlicture.limted in any
particul ar way as Iong as they have a |lysing action; |ysozyne,

chitinase, proteaseln gpacobCubar (o8EHEPA filtecawsch was developed as
endo-[err]-Nacetyl gl uco-sanm ni dase and endol ysi n may

10 part of the post-war projects of nuclear technology
development by making use of the "depth filtration"
principle and which is based on microfine glass fibers (=4
um in diameter), reinforced with a small amount (typically
no more than 7%) of chopped strand glass fibers and bound

.15 -‘together with an organic binder typically contained in no-
more than 7% is a preferred carrier material since it far
excels other filters in terms of low-pressure loss
characteristics, high arrest efficiency and high physical
'strength. HEPA filters include a high-performance filter

20 capable of arresting at least 99.97% of 0;3 um DOP particles,
a guasi-high performance HEPA filter capable of arresting at
least 95% - 99% of 0.3 um DOP particles and an ULPA filfer
6f which the arresting performance has been enhanced to an
ultrahigh level.

25 '~ The enzymes to be used in the invention are not
limited in any pa;ticular way as long as they have a lysing
action; lysozyme, chitinase, protease, glucose oxidase,

dglucanase, endo-f-N-acetylgluco-saminidase and endolysin may:

- 11 -



be mentioned as erzyres—having-—the preferred |ysing action; and one or
nore of these enzynes ﬁ be used I'ther al one or I n conbination wth

non- enzyme protei n& &Ving a bactericidal action or with
pol y- sacchari des. |l es of the proteins g peptides having a
mne, lactoferrin and THIS SHEETM-MSS BE

bact eri ci dal action
Enzymes, particularly Iysozyne are -capabl e of e f|C|eR§P@g¥ﬁosy a ion
wi t h pol ysaccharides through 10 cheni cal coval ent bometag—E ;1
mar ked anti nms giemtioned astenmzyméschapvimg (v yseefdrred ebys g uaet gbngan,
dext ran, mannan, gal act omannan, | am naran, carrageenan and agar ose.

One or nore cind ene qmlmmc@értmemzmesge@ly be used eithemnpaleseobr
m xtures or chem cal conpounds of enzymes 15 with other proteins or

pepti des i ncIil'decquélnatlomy‘s-'b@?n@?%r%@m&epmﬁei%dm@m’mﬂ%tbﬂlﬁing na
“conbi nati ons. npl es of the m xtures_or chem cal conmpounds of-

enzynes QQQWﬁEkﬁ§@%%cﬂ%Fiﬂ%s°¥H%iEHeP?H$‘$?§€B§¥%9%ﬁucan and
| ysozyne/ gal act onannan conbi natj.ons air purifying filter of
the i hvenbi on car EASlES SR RE arototns art Rabties e |

Ssituations t requi r catio In parti 1 t_finds
optimal use (HRotS %Jcomﬂc%r BELaE Pratemtlel A Ter Fath 1aRET 1 es
and i tkmié fii h the air purlfylng filter of the invention, 25
air-borne ba éyan fungi which have defied effective t r eat ment

with the existing %ﬂz;phgéfyﬁéﬂt{éﬁiﬂf%h foozyme, PEEd [ Sadbre Rag | I US

subtilis, M crococcus eus ococcl, Streptiococci and ot her
m croor gani sigftf@dient glycosylation with polysaccharidé@ through

10 'chemical covalent bonding to exhibit a marked antimicrobial
action. Exemplary polysacchérides'include glucan, dextran,
mannan, galactomannan, lamiranan, carragee and agarose. One
or more of tﬁese polyéaccha:ideS'may be used.

Examples of mixtures or chemical compounds of enzymes

15 with other proteins or peptides include the
lysozyme/protamine and 1ysozyme/apolactoférrin combinations;
'Examples of the mixtures or chemical compounds of enzymes
.with polysaccharides include the lysozyme/glucan and
lysozyme/galactomannan combinations. -

20 Thé air purifying filter of the invention can be used
in various consumer and industrial situations that require
air purification. In particular, it finds optimal use in
semiconductor-, food- and_hospitai-related facilities and
the like. With the air purifying filter of the invention,

25 air-bprne.bacteria and fungi which have defied effective
treatment with the existing air purifying filters, in
particular, Bacillﬁs subtilis, Micrococcus luteué,

Staphylococci, Streptococci and other microorganisms that

- 12 -



are resistant to dryness and which remain air-borne for a pr ol onged
time, can be controlled, killed or otherw se renoved by direct lysis
reaction to purify the air. An added advantage of the air purifying
filter of the invention 5 concerns mcroorgani snms such as |ong rods which
have very ~smal | cross-sectional areas; if the m croorgani sns captured
by the conventional air purifying filters are very snall, t hey may
occasionally slip out of the pores in the filter ~ through their own
peri stal sis iareoreshstantintiotdeynass andrwoighntrenginapiuredroe £for air
purifying . filter_ of the invention wll be killed or otherw se
control | ed bypP¥pkonged timepgcantbenconrtrabledzykilipd oF| pthervddger slip
out of t he gores in_.the filter. As a further rgglenh a .

conventi onal Z8MOYRHi PYi ALTECTEt 2¥SHAi ERAPELPRCEPBRELDY thS alffedRve

Cocondary comaieR AREanBres e SBhe R "B0x i tpe 51 PPRETBE kG 4808 RE Lon
tteri b : s e ) | SHB Rl t , [
ouri fyi gt | 1iognt i ERBb s ams ndLfl 87 S80L7EBas, OnFoR BEDL; b I

| ysing acti ongpy 1 20y %?ﬁaégﬁgﬁﬂéﬁ Qi&é&?rﬂf”&ﬁ&ET§8909¥?§hiéhEgcggFgred

ot herw se contro m cr oor gani sns effective secon

cont ani nat i on,pf 1134 I c6RPeRE1LBALY CAI BUphPL£P1REOEQIEEES! ABB- very sh¥RND! es
The present invention wll now be described bélowin 25 greater detal

wi th referencenép mxpNOEEasibnaREyaELYE out oEX@AB| perasdineshe. £ittekoul d,
however, be noted that the invention is in no way limted by those
Exanpl es. thicagpl ehéir own peristalsis in contrast, andlBhe
10 microorganisms captured on the air purifying filter of the
invention will be killed or otherwise controlled by the
lysing action of the enzyme and will no longer slip out of
the pores in the filter. As a further problem, a
conventional air purifying filter which is incapable of
15 effective control of the cabtured microorganisms has the
potential to cause secondary contamination of air as the
result of regrowth and scattering abéut'of the captured
micrborganisms; in contrast, the air purifying filter of the
invention continues to exhibit satisféctory lysing action on
20 the retained microorganisms and by killing or otherwise
- controlling such'microorganisms effectively, secondary
contamination_gf air can be prevented for a prolonged time.
. _ _
The present invention will now be described below in
25 greater detail'with reference to Examples, Comparative
Examples and Tests. It should, however, be noted that the

invention is in no way limited by those Examples.

Example 1
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A HEPA filter of N ppon Miki Co., Ltd. (trade nane: = . ATOMOS) having a
hi gh arrest efficiency of at |east 99.97% in a 0.3 [err] mnonodi sperse
DOP test was imrersed in a tol uene - solution of 10% y-am nopropyl
triethoxysilane at room 5 tenperature for 12 hours, washed with tol uene
and air dried at roomtenperature to produce a S|Ianylated HEPA
filter. The silanyl ated HEPA filter was imersed in a 1% aqueous

gl ut ar al dehyde sol ution at roomtenperature for 6 hours so t hat

al dehyde groups werZ HERA offiteelr i of dNippors MdleteGo of Lid. (treade|naméat ed
HEPA filter. Thereafter, the filter was washed with water and left in
a 50 mM acet ATOMPS} dhaving gohigh oarrest ae¢fif hgiencyrof aat nkeastl 296 97%

| ysozynme for 24 hours. Thereafter, the HEPA filter to which the

pr ot am ne 1namd°+%sb@yﬂ%ﬁ?@#%@?ﬁ%ﬁb@@?z%@sﬁa§a$u%@%%?sﬁﬁsﬁ%damk9huan615
buffer solution ared m xi ng a 500 nmM NaCl sol utjion wi th a 500
mM aceti c aC|%°Js‘g? RoAf BnY'aﬁI‘P-IH’rPﬁ‘?R}’l tifctethoxyilane, at keamt i on of

and | yeorge womberreare £ Raves, HEEReR el hfsiéﬁﬁr?%‘o%a%em?bg%ﬁé“ﬂge
ggﬁpgrgf:ve %ﬁ%@&ﬁdtéﬁﬁéfétﬂﬁé gﬁébyngé tﬁdsiééﬁygét% Hggécﬁigégrﬂsed
Comparat i ve. Syt EEgne gt a8 MERA S PLEr ks | Yinhoeood | £ §as pqugons

sil anyl ated %taral&éﬂy&edﬁaigﬁitgﬁob.'{?srb&hrEgﬂﬁéfiatﬁie *fbf é%&ﬁf—gssas in
Exanple 1 to ereby prepare air purifying filter Ay. Exanpl e

- 14 - ' that aldehyde groups were introduced into the surfaces of
| 10 the silanylated HEPA filter. Thereafter, the filter was
‘washed with water and left in a 50 mM acetate buffer
solution containing 1% protamine and 1% lysozyme for 24
hours. Thereafter, the HEPA filter to which the protamine
and lysozyme were immobilized was further washed wifh a
15 buffer solution prepared by mixing a 500 mM NaCl solution
with a 500 mM acetic acid solution. Upon air drying, the
physical adsorption of the enzyme on the HEPA filter was
removed to leave only the-protamine and 1ysozyme.contents
that were immobilized through covaient bonding. The thus
20 prepared filter was designated as air purifying filter A.
Comparative Example 1
The untreated HEPA filter which was used in Example 1
was designated as air purifying filter Ax.
Comparative Example 2
25 The HEPA filter used in Example 1 was silanylated and
had aldehjde groups introduced into the surfaces:as in
Example 1 to thereby prepere air purifying filter Ay.
Example 2
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The procedure of Exanple 1 was repeated, except that the carrier HEPA
filter was replaced by an air conditioning resi n- bonded nonwoven
fabric filter (product of TOYOBO CO., LTD.). Thus, air purifying
filter B was prepared that had 5 only protam ne and |lysozyne |eft

I rmobi |1 zed .t hr ough coval ent bondi ng. Conpar ati ve Exanple 3

The untreated air conditioning resin-bonded nonwoven fabric filter
used in Exanple 2 was designated as air 10 purifying filter Bx. :
Conpar ati ve Exanpl efe procedure gficExamplentliwasnrepeatedn-éxcept tbatoven
fabric filter used in Exanple 2 was silanyl ated and had al dehyde

gr oups |ntrodd@%dcﬁhrberh%EEhrggbbgraSa$anRhﬂEGG bytan atrtaendbyipnipdre
air purifying filter g The procedure of Exanple
1 was repeat EESHXTROR ?%aﬁonw°veﬂh§aE§%?l@%1FE¥¢KP¥P@B?tmﬂ§ TE¥PBLeEOby a
honeyconb carrler (tradenane:, "HONEYCLE" of N CH AS CORP.) whi ch was
prepared 20 LH- kt adtisty sari’éét@‘li?ff%?é’r%rﬁjclﬁ?rbé M3 RISRARRSD %‘éﬁ&%

ad oy B oS RSP 8o b “Tefo Pe LSRR S8 Lk ena aRRBL on

bondi ng. t nmple 5 25 The untreated honeyconb
carrier used cé@%?%%%ltg§d£§§ desi gnated ‘air purifying filter

Cowparat|ve %ﬁﬁﬂﬂéﬁhﬁﬁxﬂ_Examnle_ibe honeyconb carrier used in Exanplé 3

- 15 -
The untreated air conditioning resin-bonded nonwoven

fabric filter used in Example 2 was designated as air
10 purifying filter Bx. |
c £q E le 4
The air conditioning resin-bonded nonwoven fabric.
filter used in Example 2 was silanylated and had aldehyde
groups introduced into the surfaces as in Example 2 to
15 thereby prepare air purifying filter By.
Example 3
The procedure of Example 1 was repeated, except that
the carrier HEPA filter was replaced by a honeycomb carrier
'(tradéname: "HONEYCLE" of NICHIAS CORP.) which was prepared
20 by étacking sheets of ceramic fibers to form 600 honeycomb
cells. Thus, air purifying filter C was prepared as in
Example 1 that had only protamine and lysozyme left
immobilized through covalent bonding.
Comparative Example 5
25 The untreated honeycomb carrier used in Example 3 was
designated air purifying filter Cx.
Comparative Example 6

The honeycomb carriér used in Example 3 was

- 15 - .



silanyl ated and had al dehyde groups introduced into the _' surfaces as in

Exanple 3 to thereby prepare air purifying. filter Cy. Test 1 5
A sanple air purifying filter unit (200 nmx 200 nm x 150 mm was
pl aced in a closed 100-L apparatus for testing ai r-borne m croorgani sm

removi ng performance and the air

1 x 10[err]"
aflowrate

No. of Viabl
[err] 10
2

as well
Exanples 1 a

10

15

20

wi thin the apparatus which contai ned

ai r-borne m croorgani smcells per 100-L was circul ated at
10 of 10-L per mnute by nmeans of a blower. After a specified

time of circuitangylatedtanhthad heldehydergeoupsrntyeduced intocthés in

the test apparatus were collected on an agar nedi um ~and cul tured

aer obi cal | y @®unfaceparsitin ExAmphe 3 riC therdby prepareuatr mweitwingr,

the nunmber of viable cells in 100-L of 15 the sanple air was visually

count ed. The Hekt#% Lhre shown

Cel | 100 L
et | £ (per )

Conmp. Ex.

1

| | | Conp.
hours ci réul ation ]A)Qsaqqlgegt%ﬂtp%{ﬁj#f%lgﬁgm%r‘%“?l)e/‘f Lgﬁﬁ f'ﬁ%%oﬁw i Fe 1

in Tables 1 - 6. -Table 1
Exanmple 1

100 Ex.

250, ), Uk FPLALAA T 14 £F6.804%160% AlpBhrSEIBAEGE ¥Estipg.

, respective

air-borne microorganism removing performance and the air

within the apparatus which contained 1 x 10° air-borne

microorganism cells per 100-L was circulated at a flow rate

of 10-L per minute by means of a blower. After a specified

time of circulation treatment, the air-borne microorganism

cells in the test apparatus were collected on an agar medium

and cultured aerobically at a temperature of 30°C for 120

hours. Thereafter, the number of viable 6ells in 100-L of

the sample air was visually counted. The results are shown

in Tables 1 - 6.

Table 1
No. of Viable Cells (pér 100 L)
Example 1 = 10
Comp. Ex. 1 100
Comp. Ex. 2 100

Table 1 shows the results of the 24 hours circulation

treatment with the air purifying filter of Example 1 as well

as the air purifying filters Ax and Ay of Comparative

Examples 1 and 2, respectively.
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Table 2 : No. of ‘Viable Cells (per 100 L)

Exanple 1 ' S [err] 10 Conmp. Ex. 1

300 Conp. Ex. 2 300 Tabl e 2
shows the results of the 2 hours circul ation treatment with the air
purifying filter A of Exanple 1 as 5 well as the air purlfylng filters AX
and Ay of Conparative Exanples 1 and 2, respectively. As is
clear from Tables 1 and 2, the HEPA filter havi ng no enzynes .
immobilized tPab®eo2al so showed hi gh physi cal performance in trapping
m croorganismcells; 10 however, the air purifying filter of the

I nvention which hagd protanlne and [ysozynme 1 nmobi 1 zed throug

coval ent bondi ng had at | eastNa) of fEkakeLaeklpulper cRQ dn)
performance in killing the microorganismcells by adsorbing them and

| ysi ng their |[c&%ampdie sl with the aid of thesikhobilized | ysozyme. 15
Table 3 ' No. of Viable Cells (per 100 L)

Exanpl e 2 Comp. Ex drr]j 10. 388np. Ex. 3 I
3000 : ébgﬂi Ex. 4 - 3000 Tabl ¢ 3 shows
the results of th MRourEX ci4 cul ati on tredPRent with the ai

purifying filter B of Exanple 2 as _ - 17 -

Table 2 shows the resﬁlts of the 2 hours circulation

treatmeht With the air purifying filter A of Example 1 as
5 well as the air purifying filters Ax and Ay of Comparative
Examples 1 and 2, respectively.

As 1is clear.from Tables 1 and 2, the HEPA filter
having no enzymes immobilized thereto also showed high
physical performance 1n trapping microorganism cells;

10 however, the air purifying filter of the invention which had
protamine and lysozyme 1mmobilized through covalent bonding
had at least 10 times greater purification performance in
'killing the microorganism cells by adsorbing them and lysing

their cell walls with the aid of the immobilized lysozyme.
15 '

Table 3

No. of Viable Cells (per 100 L)

Example 2 s 10
Comp. Ex. 3 3000
Comp. Ex. 4 - 3000

Table 3 shows the results of the 24 hours circulation:

treatment with the air purifying filter B of Example 2 as
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well as the air purifying filters Bx and By of Conparative Exanpl es 3
and 4, respectively. Tabl e 4 No. of Viable
Cells (per 100 L) Exanpl e 2 . [err] 10

Conp. Ex. 3 8000 Conmp. Ex. 4 8000
Table 4 shows the results of the 2 hours circul ation treatment with
the air purifying filter B of Exanple 2 as wel | as the air purifying
filters Bx and By of Conparative Exanples 3 and 4, respectively. 10
As is clear fweli Tl €se Jatndpdrifyingi fipters yBxgand By fof tGomparabive

I nvention which had protam ne and | ysozyne I mobi lized on the air

condi t i oni ng Bxamplésndcandohnwovespectivelpric filter which was initially

|l ow i n m croorgani sm trappi ng performance exhibited at | east 300 tines
as great 15 purification performance in killing the m croorganismcells
as the air c é%i%OEing resi n-bonded nonwoven fabric filter whi ch had
no enzynes i nmobITi zed thereto. Table 5

No. of Vi able Cel | s—pe+—1l06—+) ' Earpl-e—3—

|[5>e<rr] 30 | Comp. EX. INo. of viable Celf¥per 100 1) | Cop.

1.0000
TOUUU .

Example 2 = 10

Comp. Ex. 3 ' 8000

Comp. Ex. 4 8000

Table 4 shows the results of the 2 hours circulation
treatment with the air purifying filter B of Example 2 as
well as the air purifying filters Bx and'By of Comparétive
Examples 3 and 4, respectively.

10 As is clear from Tables 3 and 4, the air pﬁriffing
filter of the invention which had protamine and lysozyme
immobilized on the air conditioning résin-bonded nonwoven
fabric filter which was 1n1tia11§ low in microorganism
trapping performance exhibited at least 300 times as great

15 purification performance in killing the microorganism cells
as the air conditioning resin-bonded nonwoven fabric filter

which had no enzymes immobilized thereto.

Table 5
No. of Viable Cells (per 100 L)
Example 3 < 30
Comp. Ex. 5 10000
Comp. Ex. 6 | 10000

- 18 -



Tabl.e 5 shows the results of the 24 hours circulation - treatnent with
the .air purifying filter C of Exanple 3 as - well as the air purifying
filters Cx and Cy of Conparative Exanples 5 and 6, respectively. 5
Table 6 : No. of Viable Cells (per 100 L)

Exanpl e 3 [err] 100 Comp. Ex. 5

10000 Conp. Ex. 6 10000 Table 6
shows the results of the 2 hours circulation treatment with the air
purifying filter C DéabEsaBpkho@sathelbesmltsasft bheakd hoursycmgchibténa Cx
and Cy of Conparative Exanples 5 and 6, respectively. As is
clear from TabreatBeahdwdtht hbeaprirppuri¢iyhgg filter| CepfoExamplendenssi on
whi ch had protam ne and | ysozyne i mobilized on the honeyconb carrier
whi ch was fabweddt a8 bhe adrspurkfngnghéddsess €&r anilcCyi bér Sompagatdyeonbs
whi ch were hardl y capabl e of tragpin m croorgani smcel |l s exhibited at
| east 100 ti nB¥a@BlgFeat apdr b ESEPBRLHELLEr nance by killing the

m croorgani smcells as the air conditioning honeyconb ~carrier which
had no. enZynmes immobilized thereto. 20 Test 2 A 200 mm x 200 mm
section was tgkﬁg from each of the air purifying filter A of Exanple 1
and the air p # ?i g ~ filter Ax of Conparative Exanple 1 and each
section was 19

No. of Viable Cells (per 100 L)

Exampie 3 < 100
Comp. Ex. 5 | 10000
Comp. Ex. 6 10000

Table 6 shows the reéults of the 2 hours circulation
treatment with the air purifying filter C of Example 3 as
10 well as the air purifying filters Cx and Cy of Comparative
Examples 5 and 6, respectively. | |
As is clear from Tables 5 and 6, the air purifying
filter of the invention which had protamine and lysozyme
immobilized on the honeycomb carrier which was fabricated by
15 stacking sheets of ceramic fibers in honeycdmbs which were
hardly capable of trapping microorganism cells exhibited at
least 100 times as gréat purification performance by killing
the microorganism cells as the air conditioning honeycémb
carrier which had no enzymes immobilized thereto.
20 Test 2
A 200 mm x 200 mm section was taken from each of the
air purifying filter A of-Example 1 and the air purifying

filter Ax of Comparative Example 1 and each section was
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placed in a filter holder in an experinental duct, through which air
containing 210 air-borne mcroorganismcells in every 30-L chall enge
was supplied at a flowrate of 30 L per m nut e by nmeans of -a bl ower;
thereafter, each air purifying 5 filter was stored at roomtenperature in
a desi ccator hel d at arelative humdity of 60% and a portion of each
filter was taken at given tine intervals and the nunber of viable
cells as captured by the filter was counted by a poured culture

net hod. The rpkaced imeashblbernhélder 1inwan céxperimental gdaph, dehiroughg
the survival curve of the trapped viable cells; the vertical axis of
t he graph pl dRielheair eortaining 210c@®htb9§%¢IEi@ﬁ??rgﬂ@l$Mecﬁbl$zéntaI
axis plots the days past. As is clear_fromFig. 1, the viable cells
retai ned on everYrﬁ@z#rckﬁ#1?99ﬂgwa$|%EPP%@%@ akafpfton Batenefi 30cht PeR
15 which had the en | mobi | i zed_t her eon decrﬁ sed rag .
number and OHEUHEE%Z¥%I%$an?e v?aﬁ}gwﬁﬁflg ebat hd@¥€cPBﬂlfYﬁn9

Comparat | Je. s erﬁ%eﬂacﬁ'e'%f%ﬁﬁ Brigsh toiufrarers R hunberSanbonoteld
them r emai ned, Jhen, Q0ec B flun?s +h0e PE3EE ana m%”g%rhi%ﬁf’aﬁf SUROR" kedebpat

the air purif y|ng e rnvenfiaon e enzyne

| mobi |1 zed yq ﬁogtwgév&ﬁpeﬁhgfﬁtgﬁaferaﬁaceﬁé Oﬂmhye#t eJE' $9abhg

captured nlcroorganlsn1ce r paper-1like

carrier for us€1id &sPS&PERr&EMby the fiiﬁéf WRE 0gb6ht 84 ﬁ?KHEE§ﬁEE&PER

M LLS, LTD.) which was conposed of boron-silica glass fibers not
render ed to bmlturevﬁéﬂiiodiepafﬂeérﬂes’:lmi:y\/f&ﬁl dshranimIFiest Ef fwitiemcys od
at - 20 -

10 graph depicting the survival curve of the trapped viable
cells; the vertical axis of the graph plots the.viable cell
count (cells/cm®) and the horizon;al axis plots the days
past. As 1is clear from Fig. 1, the viable cells retained on‘
the air purifying filter A_of Example 1 of the invention

15 which had the enzyme immobilized thereon dec:eased rapidly
in number and one week later, few viable cells could be
detected. In contrast, the viable cells retained on the air
purifying filter Ax of Comparative Example 1 decreased only
slightly in number and most of them remained when one month

20 had passed. Thus, it was supported that the air purifying
filter of the inﬁention which had the enzyme immobilized
thereon was capable of air purificatiqn by killing the
captured microorganism cells.

Example 4

25 A filter paper-like carrier for use in a pseudo-HEPA
filter (product of HOKUETSU PAPER MILLS, LTD.) which was
composed of boron-silica glass fibers not rendered to be

water repellent and which had an arrest efficiency of at
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| east 99%in a 0.3 [err] mnonodi sperse DOP test was i mersed in a

t'ol uene sol ution of 10% y-am nopropyl triethoxysilane at - room

tenperature for 12 hours, washed with nmethanol and air dried at room

tenperature to produce a silanylated filter 5 paper-like carrier. The

silanylated filter-paper |ike carrier was imersed in a 2.5% aqueous

gl ut ar al dehyde solution at roomtenperature for 1 hour so that

al dehyde groups were introduced into the silanylated filter paper-

| i ke carrier.least.f99% einpaper 3| jukemenodisperse oDOR| tast heas 1bmmetrdedydn
groups were introduced was washed wi th water; . further washed with a

buf f er sol uti®dnteprere %?é%ﬁ%@ﬂ pf 10% YTﬁW&R&P?PEXﬁ)Fﬂ%@&k?xxﬁﬂlﬂﬁ%naﬁﬁth

a 500 mM acetic acid ol ution; thereafter rsed in.a 1% .

| ysozyne- r°%%n¥%?ﬂ?ﬁ©t%ﬁ%e5%§ 12| herss: (@th?GrW§gﬂgﬂ?§hgﬁoésan aig

i rmobi lize t er - e carr t he

ooy | mird 48 3 (Faon chSmperahrf oS atndicS e  shlanvianhdl ERYLEE | on
Sbertc By SRR ER Y RE. 2 TS e11anfRALEE e ISR s SO0 T

acetic acrd ai'r dr g, e phyS|c of the

enzyme on the, a@Pi%E %&Erlﬂﬁgfﬁeﬁ kg £a r5gr &ﬁéoﬁ?”ﬁiﬁ@ak&l%&ﬁgﬁeoﬁ'y t he

| ysozyne cont ent at was I zed t rough~cova The
- thus prepareqsgiﬁffénwgg PSémgﬂéﬁﬁéréﬁuférfor 1 Haﬁff¥bn9h£t|aﬁae59de

Exanpl e 5 he procedure of Exanple 4 was repeated, except that
t he aqueous sg&:shhpgnwéﬁé) iMBfole8LACEALEY RS Qﬂ!l!&ﬁy@ated £30tuti pAper- _
containing 1% protam ne and 1% | ysozyne. Thus, air purifying filter D2

was prepared l1ilé cadrdery [T afiltemnshper-like carrier into which the -
2t 10 aldehyde groups were introduced was washed with water;
further washed with a buffer solution (pH 7) prepafed by
mixing a 500 mM NaCl solution with a 500 mM acetic acid
solution; thereafter, was immeréed in a 1% lysozyme-
containing agqueous solution (S1) for 3 hours so as to
15 immobilize the lysozyme. The filtef paper-like carrier
having the lysozyme.immobilized thereon was further washed
with a buffer solution of pH 7 (S2) prépared.by mixing a 500
mM NaCl solution with a 500 mM acetic acid solution. Upon
air drying, the physical adsorption of the enzyme on the
20 filter paper-like carrier was removed to leave only the
lysozyme content that was immobilizéd through covalent
bonding. The thus prepared filter'was desighated as air
purifying f£ilter Dl1.
Example 5
25 | The prodedure of Example 4 was repeated, except that
the aqueous solution (S1) was replaced by an aqueous
solution containing 1% protamine and 1% lysozyme. Thus, air.

purifying filter D2 was prepared that had only protamine and
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| ysozyme | eft inmmobilized through coval ent bondi ng. Exanpl e 6

The procedure of Exanple 4 was repeated, except that t he aqueous
solution (S1) was replaced by an aqueous 5 solution containing 0.2%
glucan and 1% | ysozynme. Thus, air purifying filter D3 was prepared
that had only glucan and | ysozyme | eft inmmobilized through coval ent
bondi ng. Exanple 7 The procedure of Exanple 4 was repeated,

except that 10 the aqueous solution (S1) was replaced by an agueous

sol uti on cont aysorgmé%dpfat Ammobllza® ghroaghacdva¥ent bohgddeogyne. Thus,
air purifying filter D4 was prepared that had only protam ne, glucan
and | ysozyne Exﬁmnlﬁnﬁbilized ‘through coval ent bonding. 15

Conpar ative Exanple 7 The untreated filter paper-like carrier
for use in a pShadpreepdure| ofr ExpmphendsvascgeppatrdappEcepinghat
conposed of the boron-silica glass fibers_not rendered to be water
repel | ent mastﬁésﬁgﬁﬁPEE grlusdens § S W??tEPpéﬁce d Y pRaAFGUECHS

A fil do- HEPA fil
AU SRR A RN R s S

b -sili d d
L 8 A L

The.pr ocedur 37 é%%ﬁ,“??%“-’*' %E@%’E%%%?Ed%‘-é%céﬁt BRATeAE ponainglarPl € 9
- 22 - Example 7 - |
" The procedure of Example 4 was repeated, except that
10 the aqueous solution (Sl1) was replaced by an agqueous
solution containing 1% protamine, 0.2% glucan and 1%
lysozyme.. Thus, air purifying filter D4 was prepared that
had only protamine, glucan and lysozyme left immobilized
through c§valent-bonding. |
15 Comparative Example 7
The untreated filter paper-like carrier for use in a
pseudo-HEPA filter which was used in Example 4 and composed
of the boron-silica glass fibers not rendered to be water
repellent was designated air purifying filter Dx..
20 Example 8
A filter paper-like carrier for common use in a
pseudo-HEPA filter (product of HOKUETSU PAPER MiLLS, LTD.)
which was composed of boron-silica glass fibers rendered to
be water repellent was processed as in Example 4 to prepare
25 . air purifying filter El which had only lysozyme left
immobilized through covalent bonding.
Example 9
- The procedure of Example 8 was repeatéd, except that
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t he aqueous solution (S1) was replaced by an aqueous- sol ution
containing 1% protam ne and 1% | ysozyne. Thus, air purifying filter E2
was prepared that had only protam ne and . lysozyme left inmobilized

t hrough coval ent bonding. 5 Exanple 10 The procedure of Exanple
8 was repeated, except that t he aqueous solution (S1) was repl aced by
an aqueous sol ution containing 0.2% glucan and 1% | ysozyne. Thus, air
purifying filter E3 was prepared that had only glucan and 10 |ysozyne |eft
i obi |i zed ttheuggueousl solubboni (§1l) was Eephptedlby an aqueousThe
procedure of Exanple 8 was repeated, except that t he aqueous sol ution
(S1) was replsebutbonasontaiping 1% protamine andt ifnlvgozymes otEhisie, alr 2%
glucan and 1% 15 |ysozyne. Thus, air purifying filter E4 was prepared

t hat hadP@rliybhet Gl her BRuvas BREPAyed ihet| Bad PRdBbPFPiemine and

t hrough coval ent bondin lve Exa

g. . Cpngarat ngle 8 . . The .
untreated filtEPopuper1ffkelmmpPitized, thteugh GovaepthaBIRBA filter
whi ch was usgg i n f%aﬂgle 8 and conposed - of the boron-silica gl ass
fibers reﬁher ter repel l ent was designated as air purifying
filter EX. Te t resi pr l.pbe / or
| ysozyne in 25 th:*%%e%¥°%%%%5%s°§5 ﬁ?ﬁgﬁg(éiaésrgégg#?%%'f%%ﬁgkgetﬁgg

i”nDbiliZatiOEhér&ﬁ%&gﬁ%fﬁénggaﬂpk§f)4wa§’régf&éeﬁ’bfsaﬂeéé??ous.as the

anmounts of protam J ysozyire eluted ihto the er solutions
(S2A) used tOs&ﬁﬁﬂiéﬁecéhféinﬂﬁgeﬁ:t%leucan and 1% lysozyme. Thus, air-

* purifying filter E3 was prepared that had only glucan and

10 lysozyme left immobilized through covalent bonding.
Example 11

The procedure of Example 8 was repeated, except that
the aqueous solution (S1) was reélaced by an aqueous
solution containing 1% protamine, 0.2% glucan and 1%

15 'lysozyme. Thus, air purifying filtef E4 was prepared that
had only protamine, glucan and lysozyme left immobilized
through covalent bonding. |
Comparative Example 8

The untreated filter paper-like_carrier for use in a

20 pseudo-HEPA filter which was used in Example 8 and composed
of the boron-silica glass fibers rendered to be water
repellent was designated as air purifying filter Ex.

Test 3
The amounts of residual prbtamine and/or lysozyme in

25 the spent aqueous solution (S1A) resulting from the
immobilization treatmenté in Examples 4, 5, 6 and 7, as well
as the amounts of protamine and/or lysozyme eluted into the

buffer solutions (S2A) used to wash the filer paper-like
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carriers after immobilization were nmeasured with a protein assay kit
of Bi o-Rad Laboratories at wavel ength of 595 nm using a
spect r ophot onet er nodel. UV-2100PC of Shi nadzu Cor p. The percent

i rmobi |ization of protam ne and/or |ysozyme 5 through coval ent bonding to
the prepared air purifying filters was cal culated, and the results are
shown in Table 7. Test 4 . A culture solution of Bacillus
subtilis (ATCC 6633) cells (count: 1 x 10[err] cells/nlL) was atom zed
at a.fl ow rateardiersfadidr nimpebihizatitohywerameasuheédhwptini a ypratébn

di oxi de gas supplied froma_liquefaction container at a flow rate of
20 L per ni nassanilt hef sBberRad habkoratorieedati ‘t’ﬂv%l@aﬂth of 39% nm
supplied through a HEPA filter at a flow rate of 80 mnute to
thereby prepdtelRg AnPPRCHEIPLAREII LA %0%% U‘15219\%§C| 3 r%ﬁ‘&%@zﬁt Carpt ow

t f 100 te |
appar atus 11 (T RETFERE, Landoflizatiof o8 SroFll SECRRATSL TvEREme "0

port L?LZE?"' ‘ol coyarSRR EhRERS onS) Phebrbared 4be ninPRElRE o
For the ff‘#e:‘?@%@%’“%aféuf&ﬁ@ '”éﬁﬁd &1 POsHiFE. Eé‘)/gﬂf:wﬁhf?_ able 7.
sanple gas Wwhi ass t fou e arr url?ylng |Tter

sanpl e and ZQﬂ%QEJQhe sanpl e gas which had passed through it were
collected in the 1Tnflow and the outfl ow, respectively. Both the

inflow and the out fA ey ¥eife dsdbLieion 26¢ BAOLI Dhdssareilds ntandc easds)

dilution was transplanted in a culture nedium and cultured aerobically
at a tenperates¥lof (countd7iexr1€ fol sy niunms atbniitad tate afller mite
colonies (CO from the inflow (prior to the passage through the air
purifyingd0 of 0.1 mL per minute by means ef ZHigh-purity carbon dioxide
gas supplied from a liquefaction container at a flow rate of
20 L per minute, énd the atomized gas was mixed with clean
air supplied through a HEPA filter at a flow rate of 80 L
per minute to thereby prepare a sample gas. The sample gas
15 was introduced at a fiow rate of 100 L per minute into an
air-borne microorganism measuring apparatus fitted with an
air purifying filter sample and an accelerated test was
cdnducted to evaluate the filter's bactericidal performance,
with the introduction time set at 2 hours or 24 hours. Fdr |
20 the last one hour of each introduction time, 25% of.the
. sample gas which was yet to pass through the air purifying
filter sample and 25% 6f the sample gas which had passed
through it were collected in the inflow and the outflow,
respectively. Both the inflow and the outflow were diluted
25 600 folds and 10 mL of each dilution was transplanted in a
| culture medium and cultured aerobically at a temperature of

37°C for 48 hours, and then the number of colonies (CO) from

the inflow (prior to the passage through the air purifying
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filter sanple) and the nunmber of colonies (Cs) fromthe outflow (after
the passage through the air purifying filter sanpl e) were counted
respectively and the percent residual ~mcroorganismcells (C in the
sanpl e gas after the passage 5 through the air purifying filter sanple was
determ ned for each of the test tines by the follow ng fornula:

(Cs/SO x 100 = C (9. The results are shown in Tables 7 - 11.
Test 5 10 After the introduction of each sanple gas in Test 4,

cl ean air frdinlter HisvpIe) tandi thel mmbef dfHiecobomies géGs) fromathe

i ntroduced for one hour at a flowrate of 100 L per . mnute into the
ai r-born cel louftskew | (RE tgpatke passagedthrough the t abr spurpfiyingi figlitert er
sanple; imediately thereafter, 15 the air purifying filter sanple was

di smount ed f roRIR) were gounted resPeqbbvely mnd phhe Rescert skesidnadf
size 1 cn{ern&_ _ was, taken fromfive sites of _the air_purifying filter
sanple, IFFoAIRE™ | @ 1ls  { Ghtinbhe cfRmPle I 3ELT oRRGRassage

di rectl ransferred jnto a cul ture, nedj and culfured 20 aerobically at

a tenper abur CHOUSH (e @5 PUBLHERG  TLTtET sample vwag  detetmined bar of
| i ' y t t fi ' _ he t | ] bstituted

Por The numn ety ¢ e ' 0at ! Yfpes by thE el oblifo POty Pl0S i1 11e

purifying fil e - cTheyresults for each test tine are shown in
Tables 7 - 11@,@@ 100 = c'0§)! - 25 -

The results are shown in Tables 7 - 11.

Test S5

10 After the introduction of each sample gas in Test 4,
clean air from the HEPA filter in place of the sample gas
was introduced for one hour at a flow rate of 100 L per
minute into the air-born cell measuring apparatus fitted
with the air purifying filter sample; immediately thereafter,

15 the air purifying filter sample was dismounted from the
airborne-cell measuring apparatus; a section of size 1 cm®
was taken from five sites of the air purifying filter sample,
top, bottom, left, right and center; each section was
directly transferred into a culture medium and cultured

20 aerobically at a temperature of 37°C for 48 hours:; and
thereafter, the number of colonies was counted at the five
sites and the total was substituted for the number of viable
cells in each 5 cm®* area of the air purifying filter sample.

The results for each test time are shown in Tables 7 - 11.

25
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Table 7

Residual cells in No. of viable

cells on

sanpl e gas after passage t hrough

filter Enzyne filter, % (cells /5 cnferr])

I rmobi - lization to sanple gas Sanmpl e gas

filter, % i ntroduction | ntroduction

time, hour Ti me, hour : 2 24

2 24 Exanple 4 92 <0.01 <0.01 <3 <3.

Exanpl e 5 Tablgg7 <0. 01 <0. 01 <3 <3 Exanple 6

98 <0.01 <0.01 <3 <3 Example 7 99 <0.01

<0.01 <3 <3 Cohparative - 3.4 3.9 >300

>300 Exanple|7 Exanple 8 9 Residyad cellspip |No. ofjwiable3(

Exanpl e 9 9 0.4 0.|#ample g3% aftex3(cebkangmie 10

9 - 0.4 0.4 37 >3 A ssiagenttheoigh fibter 0.4

0.4 - 32 >300 Cbnpﬁzymeve Examilleet, % (cells. 85 cm?) 319

>300 >300 As | smebsfL frorp-the—valdes—of percene:e“’"“e

i mobi I'i zatign shown in Tapl 2.4y ﬁh? ll%aﬁ¥&bf hgg f||t r s D3 and

D4 of Exanplgs 4 - 7 enplp % t carr r a

pseudo- HEPA flilter which Xﬁ_f@ %frposec ‘iptggﬁﬁ tio | ca I §$ns I1"°| grslc‘ﬁ"o

rendered to He water repellent f eat urle EF 10 ti Mt e iﬁﬁ@

i obi I'i zatign through copal ent bondi g Than the air

- 26 - 2 24 2 24
Example 4 92 <0.01 <0.01 <3 . <3
Example 5 99 <0.01 <0.01 <3 <3
Example 6 98 <0.01 <0.01 <3 <3
Example 7 99 <0.01 <0.01 <3 <3
Comparative '
Example 7 - 3.4 3.9 >300 >300
Example 8 9 0.5 0.5 47 >300°
Example 9 9 - 0.4 - 0.4 39 >300
Example 10 9 0.4 0.4 37 - >300
Example 11 9 0.4 0.4 32 >300
Comparative
Example 8 - 3.3 3.9 >300 >300

As is clear from the values of percent enzyme
immobilization shown in Table 7, the air purifying filters
D1, D2, D3 and D4 of Examples 4 - 7 employing the filter

paper-like carrier for use in a pseudo-HEPA filter which was

composed of boron-silica glass fibers not rendered to be

water repellent featured at least 10 times more enzyme

immobilization through covalent bonding than the air
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purifying filters E1, E2, E3 and E4 of Exanples 8 - 11 which enpl oyed
the filter paper-like carrier for use in a pseudo- HEPA filter which
was conposed of boron-silica glass fibers ~ rendered to be water _
repellent. Thus, it was supported that 5 the boron-silica glass fibers
not rendered to be water repell ent permtted hi gh-volume enzyne

I mrobi | i zati on t hrough coval ent bondi ng. Table 7 al'so shows
the data for the percent residual cells.in the sanple gas fromthe air
purifying filpuwrifwingOfiltieers nEhedE2 n ER@sand E4i of Examples pdr+f¥lnghich
filters D1 - D4 and E1 - E4 of Exanples 4 - 11, as well as the air
purifying . employedstipxy £hltexR papeonpbket carrmunfprsuse abel @, pseudo-
respectively. As is clear fromthe values of percent . residual cells,
the air puri fBERR Eelter yhich was &Omagsemgaﬁ?%?%sﬂm| gkags gfibers

whi ch enpl oyed t he f||te ke carrier for use in a pseudo- HEPA
filter which le‘alhg ‘%%zm&nﬁ%ﬂ}%%ﬂ t ef4on Wk Mas (P i

" of Eﬁanpvéér%&por?%sﬁﬂ? STRSE e ISeE o Einfbfel tate Sieter P07 &
o the. Lﬁfoﬁaé%ﬁ%@faééﬁ?i%%?% %2 %J“E‘%féﬁ%%'ﬁ%ei%?m%% Bt Showed

about 8 t'”ESE&E5ﬁﬁﬁrcovaleﬁ%”65ﬁ gon performance by killing organism

cells. It was al so supported that the air purifying filters D1 - D4 of
25 Exanples 4 - 7 pipidie7 i dVehtiowdind @04 oFed e pdFééit residual
paper-like carrier for use in a pseudo-HEPA filter which was conposed

of the boron-gdligain! €is¢ $amelée gas feodetied &ﬂrbpurifym@tﬂlfeﬁebbent :
showed at | east 300 tines greater

10 determined in Test 4 using the air purifying filters D1 - D4
and E1 - E4 of Examples 4 - 11, as well as the air purifying
filters Dx and Ex of Comparative Examples 7 and 8,
respectively. As is clear from the values of percent
residual ceils, the air purifying cells Dx and Ex of

15 Comparative Examples 7 and 8 which employed the filter
paper-like carrier for use in a pseudo-HEPA filter which had
no enzyme immobilized thereon exhibited reasonably high cell
trapping performance; however, the air purifying filters El
- E4 of Examples 8 - 11 of the invention which employed the

20 'filter paper-like carrier for use in a pseudo-HEPA fiiter
'which was composed of the.boron-silica glass fibers rendered
to be water repellent showed about 8 times gfeater :
purificatiOn performance by killing organism cells. It was
also supported that the air purifying filters D1 - D4 of

25 Examples 4 - 7 of the invention which employed the filter
paper-like carrier for use in a pseudo-HEPA filter which was
composed of the boron-silica glass fibers not rendered to be

water repellent showed at least 300 times greatef
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purification performance by killing organismcells. Tabl e 7 al so
gives data for the nunber of viable cells per 5 cnferr].-on the air
purifying filter as determ ned in Test 5 for the air purifying filters
D1 - D4, and E1 - E4 of 5 Exanples 4 - 11, the air purifying filters as
wel |l as the air purifying filters Dx and Ex of Conparative Exanples 7
and 8, respectively. As is clear fromthe val ues of viable cell count
given in Table 7 for the air purifying filter after 2 hours supply of
the sanpl e gapyrifiscariopuperyprgance byl kdliing ergamEkswf c€bhBarative
Exanples 7 and 8 which enpl oyed the filter paper-like carrier for_a
pseudo- HEPA f i Telewhi 8hsfad ﬁﬁseﬁéyﬁeganﬁgﬁlPPQBﬂrtﬂﬁrEbﬁbiﬁcRéals
bactericidalﬁgurlflca;lon erf oy mance; and, hence,

mi cr oor gan: s EI P sCROATY ?er WA g yf’rc"rﬁq’éc?s f?'%ﬁﬂ“’r?éﬁi/) B Tetn
ey 1 15 cPlrhie e hpbEi bkl fal by 8ors D1, 1" BetPRRO RY ot BB \SEh cn
were conp%§edEQ;m%nD%m?T§;él therggﬁahﬁgﬁffgﬁgtf%i%éﬁg QLa§3 i Qgrghgav'ng

the enzyne t héréon I es grea

purification Qf ﬁgﬁ??ﬁngyfi Jtlakggnkhﬁnﬁ‘ ﬁkoﬁfgé%ﬁ&ﬁ’é#&?  Exa B%égt yred

on the air puri n an the arr puri and Ex
of Conpar at | vsngxanpi—é:s,pzcemée&y i Bs is cQQQtt £6Bm the eaiuegrbkyvmable

filters D1 - D4 of Exanples - 7 of the invention which enployed the
filter paper-&éke caﬁneagiveﬁ ifr rabpeeudgorERPRef Al repurhiFghngasitesposed -
of the non-wat er. repell ent boron-silica glass fibers which had the
enzynme i nmobi afted 2hroaes bagpay bfashelBampleaegagl edher air puplfyfingati on
performance by killing the m croorganismcells

- 28 - 10 filters Dx and Ex of Comparative Examples 7 and 8 which

employed the filter paper-like carrier for a pseudo-HEPA
filter which had no enzymes immobilized thereon lacked
bactericidal purification performance and, hence, the
trapped microorganism cells could not be effectively killed

15 and many of them remained alive on the air purifying filter.
In contrast, the air purifying filters E1 - E4 of Examples 8
- 11 of the'invention which were composed of the water-
repellent boron-silica glass fibers having the enzyme
immobilized thereon had at least.6 times greater |

20 purification performance by killing the microorganism cells
captured on the air purifying filter than the air purifying
filters Dx and Ex of Comparative Examples 7 and 8; in
addition, the air purifying filters D1 - D4 of Exaﬁp;es 4 -
7 of the invention which employed the filter paper-like

25 carrier for a pseudo-HEPA filter whicn was domposed of the
non-water repellent boron-silica glass fibers which had the

- enzyme immobilized thereon had at least 100 times greater

purification performance by killing the microorganism cells
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captured on the air purifying filter, verifying the rapid decrease in

t'he nunber of cells captured on the air purifying filters. Further,
the air purifying filters D1 - D4 of the invention still naintained

t he bacteri cidal 5 purification performance on the filters even after 24
hour s of introduction of the sanple gas, and it was thereby
denonstrated that the m croorganismcells retained on the air
purifying filters could be controlled efficiently over a rol onged
time. 10 captypedfeneclbengireBUrifysngTEilten, - veriEnbngt theerapad

air purifying filters of the invention having the enzyne I mmobi | i zed

t her eon nalnt%?ﬁ%%aﬁ?ghnbEE?eP?EPﬁEI°f celbﬁrFFPEHFF€n°BeFPSrﬁﬁﬁce by

?ﬁZO{Sgggychrooigg1lsg%+££%ﬁster Sﬂ lySHE%tt eir ce I mai%i£g¥rgegfs_of

bl 122t 0, oe L fubahIfoAMDURY 1 Ohal 5OTXIR %ﬂ blgebEkg ghiect i vely
%on In | u } i 8

t hr ough covalent g con ntalr nrng

bacteri ci gal itication ﬁéf%B%H?ﬁES 8¥eEh§ Elltﬁ9§°£98H99f£é992# ﬂ%&rs

The state of € m croorgani sm trappe
filter D1 of 5¥afﬁ%foéu8£iéﬁeofn¥ﬁatéQﬂﬁﬂQ'QBS anah@af 88 SA&YERy

I mmobi | i zed thereon, and the state of t n1croorgan|sn1cells t rapped

by the prior @émoRstrd¥eadthat thélmeerbsrghniaipasalsVveeExafiBicon heCh .
had no enzynes 25 immobilized thereon are shown in el ectron n1crographs

in Fi gs. aﬁrapdrﬂfyiﬁgpfiltéfhycoﬁhd BeecdbnbpolliedogEifbientle over a
taken with a scanning el ectron m croscope nodel S-4000 of Hi tachi,
Ltd. at an acpedbongedntimetage of 5 kV. -
29 - _

10 The foregoing results of Tests 3 - 5 demonstrate: the

air.purifying filfers of the invention having the enzyme
immdbilized thereon maintained high bactericidal
purification performance by adsorbing microorganism cells
and lySing their cell walls by means of the lysozyme

15 immobilized through covalent bonding; and the immobilization
of a large amount of lysozyme and the like effectively
through covalent bonding contributed to maintaining even
higher bactericidai'purification performance over a
prolonged time.

20 The state of the microorganism cells trapped by the
air purifying filter D1 of Exémple 4 of the invention which
had the enzyme immobilized thereon, and the state of the
microorganism cells trapped by the prior art purifying
filter Dx of Comparétive Example 7 which had no enzymes

25 immobilized thereon_are shown in electron micrographs in
Figs. 3 and 4, respectively. The electron micrographs were
taken with a scanning electron microscope model S-4000 of

Hitachi, Ltd. at an acceleration voltage of 5 kV.
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Fig. 3 shows direct lysis of the cell walls of Bacillus subtilis which
was arrested by the air purifying filter which had |ysozyne
i mobilized in accordance with the i nvention. On the other hand, Fig.
4 shows that the 5 conventional air purifying filter which had no enzynes
| mobi li zed thereon was incapable of killing m croorgani sm cells but
It just left themas trapped. The two el ectron - m crographs obviously
show t he difference between the states of trapped cells and it was
supported that the Brgynd shaws ¢t | kesiisrof hehei¢eblirvallsgofilter
caused a sufficient | ysing action on the retai ned m croorganismcells
to renove  Baghblissubtllhy which heas aerested oY i te t abm purifyingnyl e
12 . Afilter paper-like carrier for_use_in a pseudo- HEPA 15
filter (proddctlAT rerdEy RAPAREFORIME slmpelpiilizgd hnRecordangggithqithe
boron-silica glass_ fibers n rendered tao, be,. ter r | I,ent and which
had an arrest ‘f?er%‘?‘nty%%’f %Lﬂe othey g?ﬁ%@%%q’n %\%Qyﬁ etﬁf’:"]%m odi sper se
DOP test -was | ' . p t f so) ufj H 7) at
5 é#ﬂ;’féé@i’?ﬁ& ir. u%ggy% Losplat Gy Jrha h@& éﬁQ@géB

room 20 npe uré tor 30 m covered an exce

wat er depositiﬁﬁggﬁﬁggeahehéfé5ﬁrwaﬁpfﬁé b%§%§aéfifil¥ﬁﬁg micr&@fgahféh in

a 1% | ysozyne contalning aqueous sol ution at roomtenperature for

3 hours so asdO1d BRPI 1t Zusbeleft thimOZY "ErPpéde fiHd SwdaRictide
carrier by an ionic 25 bonding reaction. The filter paper-like carrier

having the mictogPaph® 6PVWDHGS1LYEshdéWetRONdiBFetfeficdebetRebRdtet Statdg0
nmM phosphate buffer solution of pH 7 (S4);and upon air drying, the

physi cal adsapttrappédtdelbazgn@ bbb vhe supperted that the enzyme .
- %0 10 immobilized on the air purifying filter caused a sufficient
lysing action on the retained microorganism cells to remove
them by killing or otherwise controlling them.
Example 12
A filter paper-like carrier for use in a pseudo-HEPA
15 filter (product of HOKUETSU PAPER MILLS, LTD.) which was
composed of boron-silica glass fibers not rendered to be
water repellent and which had an arrest efficiency of at
least 99% in a 0.3.um monodisperse DOP test was immersed in
a 100 mM phosphate buffer solution (pH 7) at room
20 temperature for 30 minutes, recovered and had the excess
water deposit removed. The filter paper-like carrier was
then left in a 1% lysozyme containing aqueous solution (S3)
at room temperature for 3 hours so as to immobilize the
lysozyme on the filter paper-like carrier by an ionic
25 Bonding reaction. The filter paper-like carrier having the
lysoZyme immobilized thereon waS.furtper washed with a.lOO;
mM phosphate buffer.solution of pH 7 (S4):and upon'air -

drying, the physical adsorption of the enzyme on the filter
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paper-like carrier was renoved to | eave only the | ysozyne content that

was i mobilized through ionic bonding. The thus prepared filter was
designated as air purifying filter F. 5 Conparative Exanple 9

The untreated filter paper-like carrier for use in a pseudo- HEPA
filter which was used in Exanple 12 and which was conposed of the
boron-silica glass fibers not rendered . to be water repellent was
designated as air purifying filter 10 Fx. Test 6 The
amount of resPaRRF-1ikezgaEriart Wias spemevedubouteave onbyuthenlysgayme
resulting fromthe i mpbilization treatnent by i onic bonding reaction

in Exanpl e 1X¥nEeRRetBABUNRS oimmeBilized thEought donift Borging,f fEre
solution ($4 used to maag . t he félt r ggg r-1ike carrlgr after

i mobi | i zat | orPYRrRrepPareqefiliey YRt %Sg% 38 sAYT KPRCLFYERG. Rijter
Laboratoriesdgg a wavel ength of 595 nm using a spectrophotoneter nodel
Uv- 210 of Shi madzu Corp.; and the percent immobilization of 20

pro;anﬁne5anq#%h%ﬁgg%%ggﬁ%gﬁgggg%covaIent bonding to the preparéd air
purifying fil d the results are shown in Table 8.
25 The untreated filter papéﬁ-like carrier for use in a '
pseudo-HEPA filter which was used in Example 12 and'which '
was composed of the boron-silica glass fibers not rendered
to be water repellent was designated as air purifying filter
10 Fx. | |
Test 6
The amount of-:esidual 1ysbzymé in the spent aqueous
solution (S3A) resulting from the immobiliiation treatment
by ionic bonding reaction in Example 12 and the amount of
15 1lysozyme eluted into the buffer solution (S4A) used to wash
the filter paper-like carrier after immobilization were
measured with a protein assay kit of Bio-Rad Laboratories at
a wavelength of 595 nm using a spectrophotometer model UV-
2100PC of Shimadzu Corp.; and the percent immobilization of
20 protamine and/or lysozyme through covalent'bonding to the
prrepared air purifying filtef was calculated and the results

are shown in Table 8.

25
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Tabl e 8

Residual cells in No. of viable

sanpl e gas after cells on filter passage
t hr ough (ce ) - Thh%eetHasBeenReplacdﬂ zyme er, © :
i mobi | i - z¢ nmpl e gas sanpl e gas
filter, % |ntroduct|on '
time, hour ur
2 24 Exarrpl e 12 <0. 01 <0. pTHIS SHEET HAS BEEN3
Conp. Ex. 9 Table-8 3.4 3.9 >300 ~ >3p0 REPLACED As|is
clear fromthe values of percent enzyne i mobi | i zatT ' | e
8, the air pyrifying filtgr F~ 5 of ample 12 enploying the filter
paper-like cgrrier which was conp&esddyals gel §réﬁ->N5|cgfgy?§§lgibers
not- render ed to be water repel |l entsampdeuges eftectlvgeiﬂ' k£qLion
of hi gh jvol une 'l ysozyne al t hough | ppassaigedithgofighce m? g ?
rather than ﬁoval ency. 1QRatio offablleifteftows the datal t8P-tfie BeFleht
resi dual cellls in thﬁ eREYME om t he—air—por-yH-rg—HH-er—as—det-ermi-red
in Test' |4 using the qubrlqﬂhﬂﬁf Vithg fi Ig ﬁlé: Fx bf €ga 12
and Conpar atijve Exanpl e 9,| Tt i%elly FSaGLER vglues
of percent rgsidual cells, the air purlfyl t i ? é?er # off
the invention which enpl oyed the filt Y i ke xn?*Qﬁ ;Ebuﬂse 1
a pseudo- HEPA filter whi ch was c¢nposed of fhe boroph-silicd gl ass
fibers not rendered tjo be water fepel?ent |but i ch| hac | ydozyrad
I mobi | 1 zed tlhrough ionic{bondi ng shoyed at | egst about BOO
- 32 - Example 12 90 <0.01 <0.01 <3 <3

Comp. Ex. 9 - 3.4 3.9 2300 >300

As is clear from the values of percent enzyme

immobilization shown in Table 8, the air purifying filter F

5

10

15

of Example 12 employing the filter paper-like carrier which

was composed of the boron-silica glass fibers not rendered

to be water repellent featured effective immobilization of

high volume lysozyme although the binding force was ionic

rather than covalency.

Table 8 shows the data for the percent residual cells

in the gas from the air purifying filter as determined in

Test 4 using the air purifying filters F and Fx of Example

12 - and Comparative Example 9, respectively.

As is clear

from the values of percent residual cells, the air purifying

 filter F of Example 12 of the invention which employed the'

fiiter paper-like carrier for use in a pseudo-HEPA filter

which was composed of the boron-silica glass fibers not

rendered to be water repellent but which had lysozyme

immobilized through ilonic bonding showed at least about 300
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times as great purification perfornance by killing organism cells as

fhe air purifying ﬂhhﬁbﬁlﬁﬁ drative Exanple 9. Tabl e
8 al so shows the vaI cell count per - 5 5 cnferr] on the air '
purifying filters F

le 12 and Conparative Exanple 9,
respectively, as determ ned I n Test 5 after 2 hﬂ-ﬂ?%F@ETtm $epWlle gas
I ntroduction. As is clear fromthe values of Wi 5E?¢AQ <3unt ghown
in Tabl e 8, the air purifying filter F of Exanple.l ntion
10 which vvaé;id@ﬁpwe@mfaﬁ ranidiisatdian @&Igimnfqebél?s lqid¢11ng ongm;iesned
to be water repellent exhibited at | east 100 tinmes r eat

purificati onSSddSoafaite tiimnqmﬁ’gnt% fildeFedx of Cr?i“lﬂaé?@r ¥ FRamnles s
the filter of Conparative Exanple 9. Thus, it was verified that
n1croorgan|sﬁ1cells decreased 15 rapidly in nunber after they were

Chrough O Tont e TaBAR A S1roh RO OB de e Y THARLEFe OB e
the air myriyida bhl Leg Elef phiEELINENEL PPeB Bt 2hACHx BF Exampre 12

bacter|C|daI purlflca I"'on Pormaficeon starr purirtyrng-filter

even after I?ﬁ‘@o?n[ﬂé}téﬂ%tﬁxﬁﬁl fe td‘e res ecﬁﬁwl‘i &% de&@’:’ﬂﬂﬁed in

dennnstratlng he m cr oor gani el1s rétained on the a

purifying filfe@r eoWsddie 2 houxrsoraifr (ﬂﬂee%&iiﬂ!e Yoy ARSI JHIBR. As is
The foregoing results of Tests 4, 5 and 6 denonstrate: 25 the air
purifying fildlear- fafont hhd ReaRidsO eI TR de 11 countOBhown MiDlTdblaed,
t hrough ionic bonding could maintain as hi gh bactericidal purification
performance headdar lpurg fying riidriear garufsm:(miﬂlsa arzd dfy siheg imtveinrt dcoe |
walls as in the 33 -

which was composed of the boron- 51llca glass fibers not

rendered to be wa;er repellent exhibited at least 100 times
as great purification performance by killing the trapped
microorganism cells as the filter of Comparative Example 9.
Thus, it was verified that microorganism cells decreased

15 rapidly in number after they were retained on the air
purifying filter F which had lysozyme immobilized throuéh
ionic bonding in accordance with the invention. Further,
the air purifying filter F of the invention maintained the
bactericidal purification performance on the fest air

20 purifying filter even after 24 hours introduction of the
sample gas, thereby demonstratingethat the microorganism
cells retained on the air purifying'filter could be
controllied over a prolonged time.

The foregoing results of Tests 4, 5 and 6 demonstrate:

25 the air purifying filter F of the invention which had
lysozyme immobilized through ionic bonding could maintain as
high bactericidal purification performance by adsorbing

microorganism cells and lysing their cell walls as in the
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case of immobilization through the aforenentioned coval ent bondi ng;

and i mmobilizing the |arge anount of |ysozyne and the like effectively
t hrough ionic bonding contributed to t he mai nt enance of even hi gher
bactericidal purification 5 performance over a prol onged tine.

Exanpl e 13 A filter made of a nonwoven fabric of ion-exchange
fibers having -NH err] functional groups and an average di aneter of 30

[err]mwas imersed in a 100 nM phosphate buffer solution 10 (pH 7) at
room t enper acase Pér ipmopiddzadionethrovsh e pferementiipnedl cosalenter
deposit renoved.. The resulting filter was I mrersed in_a 2.5% aqueous

gl ut ar al dehyBenddngii §Rdad hlizing &hged@mgee amoundn ot dyisozymes ansl
i ntroduce al dehyde S t he_naonwaoven fahric filter nmade of

roups . . i nt
i on- exchange tPPhét¥’ e%%e?ﬁéVP#Wté Rughndorde Ho cerdEIPutad dRuced
i g a 100th RELPESBPRER, A ViR sl gn Packind iy’ ke O
m xi ng a 100 o] a | | i"oh, and
then th il £t . | ution (S5) containi 1%
ol yl yoi i aRaCToERoose ovdrid 3BHes andEl | 0" L0 ne. and | ysozyme

wer e i”“Dbilkiﬁﬂpﬂg_%Be filter. The nonwoven fabric filter nade of the
| on- exchange. ' bers havi ng both polylysine and | ysozyne i nmobilized

thereon was furthep washesd wahe 8£buf hohwovkn! iFabrat B Lon-exchiflge
prepared by m xing a 100 nM NaCl solution with a 100 M 25 acetic acid

sol ution; angivpes havitgyi-Ng, fifcphyfalagroups aAGoant averafet Heansiyire
on the nonwoven fabric filter was renoved to | eave only the polylysine
and | ysozyneofo80epimswas immeatsededia amlovipi mMz pthosiphakeh baffeire stoJadnicimg.
The thu%u) (pH 7) at room temperature fd& %%.ﬁinutes, recovered and had
the excess water deposit removed. The resulting filter was
immersed in a 2.5% aqueous glutaraldehyde solution at room.
temperature for one hour so as to introduce aldehyde groups
into the nonwoven fabric filter made of ion-exchange fibers.
15 The filter having the aldehyde groups introduced therein was
further washed with a buffgr solution (pH 7) prepared by
mixing a 100 mM NaCl solution with a 100 mM acetic acid
solution, and then the filter was left in an aqueous
solution (SS) containing 1% polylysine and 1% lysozyme for 3
20 hours so that protaminé and lysozyme were immobilized_on the
filter. The nonwoven fabric filter made of the ion-exchange
fibers having both polylysine and lysozyme immobilized
thereon was further washed with a buffer solution_of PH 7
(S6) prepared by_mixing a 100 mM NaCl solution with a 100 mM
25 acetic acid solution; and upon qir drying, the physical
| adsorptioq of the enzyme on the nonwoven fabric filter was

removed to leave only the polylysine and lysozyme contents

that were immobiliied through covalent bonding. The thus
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prepared filter was designated as air purifying filter G Conparative

Exanpl.e 10 The untreated filter used in Exanple 13 which was
made of a nonwoven fabric of ion-exchange fibers having 5 -NH2
functional groups and an average dianeter of 30 [err]m was desi gnat ed
as air purifying filter &. Exanpl e 14 Afilter made of a
nonwoven fabric of ion-exchange fi bers having -COOH functional groups

and an average 10 dianeter of 30.[errJmwas inmersed in a 100 nV
phosphat e buf peepared £dllieirowaspldes)ignatedomst edpe patnifyingr £30 tem@.es,

recovered and had the _excess wat er deposit renoved. The filter was
then | eft QIR yesdixampe (187) cont ai ni ng 1% pol yl ysine and 1%
| ysozyme for 3 hours at room 15 t enperature so that the polylysine and

| ysozyne were WHﬁDHPﬁFPéGeSyf&ﬁtﬁéhuéegoﬂalﬁ&aN@&@tﬂénWHF WeswIage
fabric filter nade of the iaqgn-exchange flbers havi ng . bot ol yl ysi ne
and | ysozyme PimdoPrRyeyerh&abdi AgmgEchange \é@‘?&‘& e F]-"Qploo mv

Dhye cal - disor Bk chubrERRSL FhhEns “Sha of, meSRaaRCoLARekef  ¥E 1 fo bR ae

renoved to Ieaggl Ia)(: tgﬁ%s air ﬁ)@rﬁlfﬁ.n%eﬂf}helry%?(zy”e contents that were

I mobi | i zed rou cova t NUS prepared filter was
desi gnat ed asggib rianfaying filter H 25 Conpar ati ve Exanple 11

The untreated 1 er used in Exanple 14 which was nmade - of a nonwoven
fabric of ion-exchapgeifithe maddViotda nonwodeRHshBAald @Fak ol %%ﬁa@a% an
average dianeter of 30 [err]mwas

fibers having -COOH functional groups and an average

10 diameter of 30 ym was immersed in a 100 mM phosphate buffer
solution (pH 7) at room temperature for 30 minutes,
recovered and had the excess water deposit removed. The
filter was then left in an aqueous solution (S7) containing
1% polylysine and 1% lysozyme for 3 hours at room

15 temperature so that the polylysine and lysozyme were
immobilized by an ionic bonding reaction. The nonwoven
fabric filter made of the ion-exchange fibers having both |
polylysine and lysozyme immobilized thereon was further
washed with a 100 mM phosphate buffer solution of pH 7 (S8):

20 and upon air drying, fhe physical adsorption of the enzyme
on the nonwoven fabric filter was removed to leave only the
polylysine and lysozyme contents that were immobilized
through covalent bonding. The thus prepared filter was
designated as air purifying filter H.

25 Comparative Example 11

The untreated filter used in Example 14 which was made
of a nonwoven fabric of ion-exchange fibers having

-COOH functional groups and an average diameter of 30 um was
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designated as air purifying filter Hx. Test 7 The anmounts
of residual polylysine and | ysozyne in the spent aqueous sol utions
(S5A and S7A) resulting fromthe 5 immobilization treatnment conducted by
coval ent bonding and ~  ionic bonding reactions in Exanples 13 and 14,
respectively, as well as the anmbunts of polylysine and | ysozyne el uted
into the buffer solutions (S6A and S8A) used to wash the filter -
paper-like carriers after inmobilization were 10 neasured with a protein
assay kit of deisd-gRatadi®s /i ikwrifiving figtemwdixngth of 594 nmusing a

spect rophot onet er nodel UV- 2100PC of Shi madzu Corp.; and the percent

i mobi | i zat | #eS§E1 pol yl ysi ne and | ysozyme through coval ent bondi ng or

i oni c ' bondi ng to the prepared air rifyi filters s calculated 15
and the results argnﬁmim?qa¥ zﬁﬁe?%ﬁid&gi pgiéﬁ%ﬁ%ﬁ? and lysozyme in the

Resi dual cellgs | No.. of viahl ' - . sanpl e gas
after cell s R (qdjects Sclutions (SSA and S7A) resulting Fxoff Jih,
(Ce"S /55C”EWHJQilizatioq.tr%atmeqt[ggﬁﬂﬁiteq'bJ'ééégieﬁ@ bonqin and

i nmobi - lzatron to sanpl e “gas sanpl e %as

filter, % 'd@rﬂﬂﬁ]ﬂ T i JHd O Gl R ' ive
oni t les 13 and 14, respectivel
+ tine, Ogﬁrseac * © p2° ey,

time, hours

2 24 as w2 &nlk3 amounts & E?olylysk';r?e and lysdzyme eXsted <3
Conmp. Ex. 10 - 65 7 >300 >300 Exampl e 14
86 1. into thel buffer sedutions (F6A and @B8R) uszsed Itlo wash -the
67 71 >300 >300 - 36 -

filter paper-like carriers after immobilization were

10 measured with a protein assay kit of Bio-Rad Laboratories at
a wavelength of 594 nm using a spectrophotometer model UV-
2100PC of Shimadzu Corp.; and the percent immobilization of
pPolylysine and lysozYme through covalent bonding or ionic
bonding to the prepared.air purifying filters was calculated

15 and the results are shown in Table 9.

Table 9 -
Residual cells in No. of viable
sample gas after X
cells on filter
. passage through (cells /5 cm?)
Enzyme filter, %
immobi- .
lization to sample gas | sample gas
filter, % introduction introduction
time, hours time, hours
2 24 2 24
Example 13 8l 1.2 1.2 <3 <3
Comp. Ex. 10 - 65 67 >300 >300
Example 14 86 1.1 1.1 <3 <3
Comp. Ex. 11 - 67 71 5300 >300
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As is clear fron1TabIe'9, the air purifying filter G of Exanple 13 of
the invention whi ch wastyy®panadBetd Riplatddie nonwoven fabric of

i-on-exchange fibers havi nctional groups and the air
purifying filter H nade Iﬂu 3
havi ng - COOH functi

woven fabric of_jon-exchange fibers
an average di mms.esﬂazfr BAS [BEEN]m

had | ar ge anmounts of polylysine and | ysozyne i bi | i zepLAdEPUIh
effective bonding. _ Tabl e 9 ‘al so shows the _

residual cells 10 As isiechearffoomtBabler9puthéyahyg purifying fikhtered@ in
Test 4 (accelerated test to evaluate bactericidal performance)

using air purefyExgmplet 28sol thel inﬁengxaanbécnswaadpanared faomwshe as
air purifying filters &x and Hx of Conparative Exanpl es 10 and 11. As
i s clearfrCHHQ¢MPW%Pu§§b€¥°p@fCéﬁF eEShPEQPdﬁaPe€§IPévihgthﬂHgas fromthe
air purifying_filter, air purif filt G and H of Examples 13
and 14 of théfun°tl?59%n9FBHP§h?Eﬂ £e2 Fe BFéﬁyinnf%ﬁEeﬁonB9@ﬁnE£8Wics

f h fib f unct i ch '
and the | ke BB7 CRORRBERR SBHELR AEgkoRGAFaRR° 2B BeRa: MEVShe: ofPeibond ng

m cr oor gani o ST FLOREL CHERUDECERE"an aveRBba RIREERof' pb) Pl hag, 1arger,

of Conparativ. I d r f
nonwoven fabf?gs of &2 polxl% gnaé&f¥g§§gyﬁ§v?ﬂgsﬁgﬁ%?ggni gbhgups but
whi ch had 253@9egﬁ;ygegohaﬁﬁgll|zed t her eon. Table 9 al so gives

data for the nunber of viable cells per 5 cnR on the air purifying
filter as determ nefable 9 a1§68§h5w§0théhaaﬁarfoﬂrpércéﬁtfréhﬁaﬁa@ asd1ikl

of Exanples 13

10 in the gas from the air purifying fllter as measured in Test
4 (accelerated test to evaluate bactericidai performance)
using air purifying filters G and H of Examples 13 and 14,
as well as air purifying filters Gx and Hx of Comparative
Examples 10 and 11. As is clear from the values of percent

15 residual cells in the gas from the air purifying filter, the
air purifying filter G and H of Examples 13 and 14 of the
invention which were prepared from the nonwoven fabrics of
ion-exchange fibers having functional groups to which
lysozyme and the like were imﬁobilized through eovalent

20 bonding or ionic bonding exhibited far superior purification_
performance by killing microorganism celle as compared to
the air purifying filters Gx and Hx of Comparative Examples
10 and 11 which wefe prepared from the nonwoven fabrics of
ion-exchange fibers having functional groups but which had

25 no enzymes immobilized thereon.

Table 9 also gives data for the number of viable cells

per 5 cm’ on the test air purifying filter as determined in

Test 5 for the air purifying filters G and H of Examples 13
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and 14, as well as the airt purifyrng—fitters G« and Hx of Conparative
Exanpl es 10 and 11 aft efy; of the sanple gas introduction. As is
clear fromthe val ues gi;hm%h i< Beeh R 4 count shown in Table 9, the air
purifying filters G and !ﬂﬂﬂ es 13 and 14 of the invention which
wer e prepared from brics of io ﬂﬁg L=y [
pol yl ysine and | ysozyne i nmobilized uniformy al so jxcel F
purification performance by killing or otherw se coﬁﬁf’b‘mEDng th
m cr oor gani srargk| 14, tasappetl cxs ttive falx epurifigitgrfikbrers ex aan '
filters Gand H of the invention mai nt ai ned the bacteri ci dal

purifi cati on Gamparapivce Exanplkes 10 apd blrafieng2 fhours sofvihe afarple4
~hours of the sanmple gas = introduction, and thereby it was denonstrated
t hat the gaf ckirqiictierel 1258 A& Qlear dromdhe Maduesc O yigblels

controll ed over. a proltonged tine The foregoing results of Tests

4, 5 and 7 défhktonnt shown (in Table, 9; ihe, AT | PUFLIYInG £ E9rs e and
[ ti intained hjgh b i ci dal i fjcatiaqn, f b

adsor b ngBi & o gt 1 o HEcof ot PV e S St Hicnated
he | [ ki l.ch | bj | J

bondi g andr dgi e HBdbo ledfit-fod TPl oh Zofenange | 1AM HVMS L

S o R s e SHAOFILYAY SEIBR S butika0

and/ or ionic o ( e mal ntenance of eve
bactericidal 35 pri#{s£8d bR pELESBRIREE CoP VIeL 1 8185 0L NGeke tiriFe _
Conparati ve Exanple 12 A filter paper-like carrier for use in a

psggdo- HEPA contfdllfig (€HE MLérSbrJhilm b PAPEAppdd ot TEhe £ EérVas

10 Further, the air purifying filters G and H of the invention
maintained the bactericidal purificafion performance on the
test air purifying filters even after 24 hours of the sample
gas introductioﬁ, and thereby it was demonstrated that the

microorganism cells retained on the filters could be

15 controlled over a prolonged time.

The foregoing results of Tests 4, 5 and 7 demonstrate:
the air purifying filters G and H of the invention
maintained high bactericidal purification performance by
adsorbing microorganism cells and lysing their cell walls by

20 means of the lysozyme and the like which were immobilized
through covalent bonding and/or ionic bonding:; and the -
immobilization of the large amount of lysozyme and the like
effectively through covalent bonding and/or ionic bonding
contributed to the maintenance of even higher bactericidal

25 purification performance over a prolonged tiﬁe.

Comparative Example 12
A filter paper-like carrier for use in a pseudo-HEPA

- filter (product of HOKUETSU PAPER MILLS, LTD.) which was
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conposed of boron-silica glass fibers not rendered to be wat er

repell ent and which had an arrest efficiency of at | east 99%in a 0.3
[ err] m nonodi sperse DOP test was i mmersed at - roomtenperature for 30
mn in an aqueous solution-prepared 5 by diluting a 50% aqueous

pol yi taconi c acid sol ution (product of Iwata Kagaku Kogyo K. K.) 10
folds with water, and thereafter the carrier was recovered and had the
‘excess wat er deposit renoved. The excess water-free carrier was

then dried foomposedowt borondisjidndaclglasts & ifbemnsematurenderell tdbWeerr] C
The thus prepared filter was designated as air purifying filter Ix.

| denti ficati water mepeddepdr andamwhich hadanf pnnestt leffiiqiengy wfmat

el ectron m croscope nodel JSM 5300 of JEOL LTD. and a

Fouri er-trandP@sitef9® in &t ¢PhHcaedisPenseePOR fegtnyasC igmegiser-@t
LTD. verified 15 unlforn1coat|ng thereon with a mer _havi ng - COOH
functional gregps. empera@ygﬁbﬁgrig min in an ﬁé qﬁﬁQﬂ;HFﬁHQﬁeqx

pr epar ed arati.ve | e 12 a unlfor oat t he pol yner
v g Jﬂﬂﬁ&ﬁ%ﬁaﬁ"&r st Tty 2 Ssbnat o

buf f f
tﬁerggf ter r3§%\§§r%§ and I&)a&:%[ hﬁ%}%%?@gr pg'?l %%lrasw‘;rlgtﬁrio\y?%%rme
resul ting ai %n&ugg%\ge;&%tfé:‘ “@le 'esfme&wa%s recoveffx:%%I ethd' N ¢He/ éﬁhf&é he

pol ymer havi ng uncti onal groups was n an. aqueous sol ution

(S9) contai nwa&eQ» %0 osit |IDEARAME a@ﬁeoeﬁ%gal vhRagertae 3ahoiky @las’ 0OM
t enperat ure hat both |ysozyme and chitinase were inmmmobilized by an

i oni ¢ bondi n@hﬁaﬁa@bi@m £b1e ot howr fiyi g drydrehdlaviaty 4 femperature of
B 10 60°C. The thus prepared filter was designated as air
purifylng filter Ix. Identification of the prepared air
purlfying filter Ix with an electron microscope model JSM-~
5300 of JEOL LTD. and a Fourier-transformer
spectrophotometer model JIR-WINSPEC 50 of JEOL LTD. verified
15 uniform coating thereon with a polymer having -COOH
functional groups.
Example 15
The air purifying filter Ix prepared in Comparative
Example 12 with a uniform coat of the polymer having -COOH
20 functional groups was immersed in a 100 mM phosphate buffer
solutlon (pH 7) at room temperature for 30 mlnutes and
thereafter recovered and had the excess water deposit
removed. The resulting air purifying filter Ix which was
coated uniformly with the_polymer having -COOH funetional
25 groups was left in an aqueous solution (S9) containing 0.5%
lysozyme and 0.5% chitinase for 3 hours at room temperature
.so that both lysozyme and chitinase were immobilized by an

ionic bonding reaetion. The air purifying filter having the -
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| ysozynme and chitinase i mobilized thereon was further washed with a
100 mM phosphate buffer solution of pH 7 (S10); and upon air drying,

t he physical adsorption of the ~enzynes on the filter paper-Ilike
carrier was renoved to 5 leave only -the |ysozyne and chitinase contents
that were I mobi li zed through ionic bonding. The thus prepared filter
was designated as air purifying filter I. Conpar ative Exanple 13

A filter paper-like carrier for use in a pseudo-HEPA 10 filter (product of
HOKUETSU PAPERySbkifie BhiB rhiftiahseasmmobildeedotberebnbanen farthea gl ass
fibers not rendered to be wat er repellent and which had an arrest
efficiency ofwashed wilkhaat 199%nMnpho8pBlafter blufifenn sdilspd.one oBOPH dst was

i mer sed at- . roomtenperature for 30 mnutes in an aqueous solution 15
prepared by disif)ngandsomenqadsudrydngal theaphysicgdoadsorptiongofNEREO
BOSEKI CO., LTD.) 10 folds wth water, and t hereafter was recovered
and had the eﬁBéE@eﬁaPBrtH§p§§ﬂ¢er PaPP€n&¢§G cpgEiexrcvas W&@@Wﬁﬂré@

carrier mqf:then dried one hour, in.a dryer held at a_tenperature
r

?f|60[er #ﬁ@v?h8§1Y26hﬁré§§Pé§mP|PPQrcR&§1H€§PgHQP§&n§§ 5?P|p BTy i ng i
J

b o ectron mimmgbEszensibi-Sialy abB3chpoRAIAS, e ! Plebarsd! it edt!

Fouri er - trans&ggrﬁgsigggk%gpggt §ﬁr§¥§§hggE§H@£gS§PEC 50 of JECL

LTD. verified coatingt ere 25 having. - NH2
functi onal gégﬂﬂéar?iiiﬁEﬁigﬁégﬂ—ﬁﬁ _ The_alr purifying filter Jx-
prepared in nparative anple 13 with a uniformcoat of the pol yner
havi ng - NH2 A filter paper-like carrier?®or use in a pseudo-HEPA
| 10 filter (product of HOKUETSU PAPER MILLS, LTD.) which was
composed of boron-silica glass fibers not rendered to be
water repellent and which had an arrest efficiency of at
least 99% in a 0.3 pm monodisperse DOP test was immersed at
room temperature for 30 minutes in an aqueous solution
15 prepared by diluting a 50% aqueous polyallylamine (product
of NITTO BOSEKI CO., LTD.) 10 folds with water, and
thereafter was recovered and had the excess water deposit
removed. The excess water-free carrier was then dried for
one hour in a dryer held at a temperature of 60°C. The thus
20 preparedffilter was designated as air purifying filter Jx.
Identification of the prepared air purifying filter Jx with
an electron midroscope ﬁodel JSM-5300 of JEOL LTD. and a
Fourier-transformer spectrophotometer model JIR-WINSCPEC 50
of JEOL LTD. verified uniform coating thereon with a polymer
25 havin.g -NH, functional groups:
Example 16
The air purifying filter Jx prepared in Comparative

Example 13 with a uniform coat of the polymer having -NH,
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functional groups was imersed in a 500 mM phosphate buffer sol ution
(pH 7) at roomtenperature for 30 m nutes and subsequently imrersed in
a 2.5% aqueous gl utaral dehyde solution at roomtenperature for one
hour so that al dehyde 5 groups were introduced into the air purifying
filter Jx uni formy coated with the pol yner having -NH2 functional
groups.. The air purifying filter uniformy coated wth the pol ymer
havi ng - _NH2 functi onal groups into which aldehyde = groups were

i ntroduced wefungkioeal greepswas impersed inoa 560 urMopheppharepbufferd
by m xing a 500 nM NaCl sol ution with a 500 mM acetic acid solution;
and t her eaf t efo}pkion (Pﬂl7@e?tmESOme¥%mP%¥aBuﬁ9uf@r|%Oamiﬁﬁﬁéﬁuéngolutlon
(S11) cont ai ni n % | ysozynme and_0.5% chitinase so that_ both

the |ysozyne Shbs eER ?F%gelmﬂ ES¢ |?|%eﬁ%oﬂq?ﬁ%“?lQ%EFaraithYﬂﬁ air
f filte i d t th H
By st Thd AF YofRat et AR L hoeRe! ANE nope Va0 aRBLEREL

1 e oL AR 2
sol uti on and G PROnM A6EhECadGh thSehi! hOTmaRchaPEReaLN, Fandiibith the

_physi cal adsorpti e enzynes on t

uni fornly Cogéﬁ‘éluﬁ\ét h e PO+ ViBF1 A c?"gfllter uﬂ%fﬂ@tddﬁ@éd GﬁPE&PSthé‘t 0
whi ch al dehyde groups were i nt'roduced was renoved to | eave only t

| ysozynme and p@byméhi hav@fi§ SRR} Girctiviialefroupsrakidd mﬁdrhrdmmhy‘wal ent
bondi ng. The thus prepared filter was designated as air purifying
filter J. grdeps were introduced was further Wdshed with a buffer

10 solution (pH 7) prepared by mixing a 500 mM NaCl solution
with a 500 mM acetic acid solution; and thereafter the
filter was left for 3 hours in an aqueous solution (S1l1l)
containing 0.5 % 1ysozyme and 0.5% chitinase so that both
the lysozyme and chitinase were immobilized on the filter.

15 The air purifying filter uniformly coated with fhe polymer
having -NH, functional groups into.which aldehyde groups
were introduced and which had lysozyme and chitinase
immobilized thereon was further washed with a buffer
solution (S12) of pH 7 prepared by mixing a 500 mM NaCl

20 solution and a 500 mM acetic acid solution; and upon air
drying, the physical adsorption of the enzymes on the air
purifying filter uniformly coated with the polymer having -
NH, functional groups into which aldehyde groups were
introduced was removed to leave only the lysozyme and

25" chitinase contents that were immobilized through covalent.
bonding. The thus'prepared filter was designated as air
pu:ifying filtef J. |
Test 8
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The amounts of residual Tysozyne and chitinase in the spent aqueous
solutions (S9 and S11) Tﬁgghgettﬂagge&rl{g ke i mobi | i zation treatments
conducted through ionic nd coval ent bonding in Exanples 15
and 16, respectively, asﬂ he amount s of Iysoz me and chitinase
eluted into t he buf (S10 and S12) . ilter
paper-like carriers after |nnDb|I|zat|on wer e neasu4e 1§?ﬁﬁiggﬁgy tein
assay kit of Bio-Rad Laboratories at a wavel ength BkAQER usin

spect rophot onet er rmhbﬂamnumtSOGKZnésid@alShYﬂ@mmmeChm@.¢hanunaa§ perthﬂt

I mobi | i zation of |ysozyne. -and chitinase through ionic bonding and/or
coval ent bondspenrt aqueeushsopubpened(SPA @md|$¥lhb resebiingefromatbel at ed
and the results are shown in Table 10. 15 Tabl e 10

Resi dual cel |impgbilization treatments conducted thprpugh iQniftkpnding. of
vi abl e cells on filter
passage throuﬁ'?'id coyaient pgngh?gr+P)Examples 15 and 16, Eﬁi?ﬁﬁtlvely' as

filter, n.to

sanpl e gé? well afiptieq %@oungnn°k lysozyme ang, ??tFlnese iufﬁ?rbﬂﬁBtlon
| ntroduction yy .- byffer solytions (§10A ond S11A 'ngghegrwash tgé'?ﬁltg9”r

2 24

igbgl >300 p per-fﬁke ?arE%QfP aE%eglgmmobllizat%on wer§3measure§6with
<3 Conpa ﬁ%eté§n assa¥ kit of Bi8°Rad Lab@?ator1e§339 a wE3@Qength
As is clear from Table 10 he air purifying filter

- 42 - of 595 nm using a spectrophotometer model UV-2100PC of

10 Shimadzu Corp.:; and the percent immobilization of lysozyme
and chitinase through ionic bonding and/or covalent bonding
to the prepared air purifying filters were calculated and

the results are shown in Table 10.

15 '~ Table 10

Residual cells in . .
sample gas after No. of viable
_ P g -cells on filter
passage through (cells /5 cm?)
Enzyme filter, %
immobi.- ' _
lization to sample gas sample gas
filter, % introduction " introduction
time, hour time, hour
2 24 2 24
Example 15 92 <0.01 <0.01 3 <3
Comp. Ex. 12 - 63 66 . >300 >300
Example 16 91 <0.01 <0.01 <3 <3
Comp. Ex. 13- - 65 68 >300 >300

As is clear from Table 10, the air purifying filter I
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of Exanple 15 of the invention which was prepared fromthe filter
paper-like carrier with a uniformcoating of the pol ymer havi ng - COCH
functional groups and the air purifying filter J of Exanple 16 which
was prepared fromthe filter 5 paper-like carrier with a uniformcoating
of the pol yner havi ng - NH2 functional groups had | arge anmounts of

| ysozyne and chitinase immobilized through uniform bonding.

Tabl e 10 al so shows the data for percent residual cells in the gas
fromthe airofuExhypig 5 odr the inysmtden whichnwassPrepezecefaion die est
to eval uate bacteri ci dal performance) using the air purifying filters
| and J of filtExapppes- i-s-k&nﬁar@leés aaémt OTH P%"Hyl t'g'ﬁters | X

and Jx of Conparative Exanples 12 and 13. i s clear t he val ues
~of percent rPSIIBEF beVifng 7 COQH §§°¢PGWP9h§§ﬁqPS pad &%%-P&Fh@qﬁﬁﬁX%ng

h f fil
|t n\?egi rogu\r/\/:]ffgl r%%é J o %&ﬁa@?&ﬁ éTﬁ which, W@Sf glﬂrﬁgp E%l ecaftrqu'ﬁ:eerrs with
t |
" ooy B Ba n%%’& Sarrins YU WM WGt ot ety <

coval ent bo”ga'{}q_n?éh'ﬁﬁzt %Jﬂl&‘a@e@r@qy@”ﬂdﬁ Gafrigen amounﬁgerd‘forl

killing organi's | 'S as. co arr purifying filters 'l x and
Jx of Conpar %@ak%h@ﬁfﬂ%lﬁ ﬁ&a’ﬂﬁized th3- oMY A P RiATiey f r om t he
filter paper e carriers a uniformcoating of the pol yner
having functional 13%1@ WPl Wﬁl@m&wnmlﬂesﬁmamereon.
Tabl e 10 al so gives data for the nunber of viable cells per 5 cnferr]
on the test @glipurid WHy ddd tfrfonathe airqiwrifiyiedy ifilfeest & mgasured
purifying filters I and J of . - 43 -

10 in Test 4 (accelerated test to evaluate bactericidal
performance) using the air purifying filters I and J of
Examples 15 and 16, as well as the air purifying filters Ix

| and ﬁx of Comparative'Examples 12 and 13. As is clear from
the values of percent residual cells in the gas from the air

15 purifying filter, the air purifying filters I and J of
Examples 15 and 16 of the invention which were prepared from
the filter paper-like carriers with a uniform coating of the
polymer having functional groups to which lysozyme and
chitinase were immobilized through ionic bonding and

20 covalent bonding exhibited far superior purification
performance by killing organism cells as compared to the air
purifyihg filters Ix and Jx of Comparative Examples 12 and
13 which were prepared from the filter paper-like carriers
with a uniform coating of the polymer having functional

25 groups but which had no enzymes immobilized thereon.

Table 10 also gives data for the number of viable
cells per 5 cm®’ on the tes‘t air purifying filt-er as

determined in Test 5 for air purifying filters I and J of
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Exanples 15 and 16, as well as air purifying filters Ix and Jx of
Conpar ative Exanples 12 and 13 after 2 h of sanple gas : I ntroduction.
As is clear fromthe values of viable cell count shown in table 10,
the air purifying filters | and J 5 of Exanples 15 and 16 of the

I nventi on which were prepared fromthe filter paper-like carriers
havi ng a uniform pol yner coat with lysozynme and chitinase i mobilized
uni formy t hereon al so excelled in purification performance by killing
or ot herw se Examples i ¥y amd 16 cram el sas cell puriafpeny ofiltidérs tIre and
filter. Further, the air purifying filters | and J of t he invention
mai nt ai ned t WX RctGoenpacativerkraepkeonl2 and pd faftemnce bref (waniple cgas
even after 24 hours of the sanple s introduction, and thereby it was
denonst r at ed HEequEion.  AscAgo CdLFTS %F@ﬂ W@ergP&Nﬁédoéhvﬂﬁ@hﬁIQ%ﬁh :

could be 15 controlled over r o] onge he foregoin
results of T&QUDY showqy,fin ‘Eé?]ﬁ'hs]tq'at e 'alf R‘H’e"‘gﬂn%lﬁ%]f%% :Fl‘%i%r

per f or naniic aﬁ“ﬁ”t s, 47 AR Y %H‘P%ﬁ%”%‘#a%gp““%ié?éé%m by

(Z:gvalrnéra].'?sbgl;l | ng ax%oor 1 onli %%%&aliﬁ?e V@ﬁ}ﬁé’?& %émré?m% “lﬁrza‘f @é?ﬁ%@h
| arge amount o Qﬁ% d@a%@eaﬁa kéhit nasyd fﬁﬁﬁd% Yz d O @Yoo ARMp! ent
|on|c I ng e

bondi ng and/or contri uted to t mal nt enance Of even
hi gher bact erindr&dn éi%oFéﬁéélIéﬁ'iﬁ‘ﬂﬁ%if&é&%E&h(bﬁﬁfékﬁﬁﬂ&é"ﬁﬁmkiliﬁhg
Test 9 As in Tests 4 and 5, the nunber of viable cells in -

each 5 cnfer idr artteniiddcdeSioBlinguthd \mi@rdotdariisthscells trapped on
- 44 -

10 the filter. Further, the air purifying-filters I and J of
the invention maintained the bactericidal purification
performance on the filters even after 24 hours of the_éample
gas infroduction, and thereby it was demonstrated that the
microorganism cells retained on the filters could be

15 controlled over a prolonged time.

| The foregoing'results of Tests 4, 5 and 8 demonstrate:
the air purifying filters I and J of the invention
maintained high bactericidal-purification performance by
adsorbing microorganism cells and lysing their walls by

20 means of the lysozyme and the like which were immobilized
through covalent bonding and/or ionic bonding; and the
immobilization of the large amount of lysozyme and the like
effectively through covalent bonding and/o: ionic bonding
contributed to the maintenance of even higher bactericidal

25 purification performance over a prolonged time.

| As in Tests 4 and 5, the number of viable cells in

each 5 cm®* area of the test aif purifying filter was
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determned at 2 hours intervals for an expanded m cr oor gani sm spectrum

i'ncl udi ng not only Bacillus subtilis (ATCC 6633) but also M crococcus
| ut eus (ATCC 9341), St aphyl ococcus aureus (I FO 13276), Escherichia
coli (ATCC 5 10536), Vibrio parahaenolyticus (IFT 12970) and a blue nold
(Penicilliumroqueforti, |IFO 5459). The results are shown ~in Table
11. Table 11 Bactericidal Test on Various M croorgani sns

Conp. Ex. Ex. Ex. Ex. Ex. 7 4 5
6 7 *derearmiosd ta e2 dugars sistervaBaicf ot usn seukpamdsd ATCC 6633

>300 <3 <3 <3 <3 M crococcus | uteus ATCC 9341 >300 <3

<3 <3 dBLcrooigamphsih ospectrum irgbuding not only Bacillw® g@bvilis
>300 <3 <3 <3 <3 * (ram negative Organi sns Escherichi a
coli ATCC 105@6ICC 6533) but alsg MiCISL@GOGC‘l% lUte“W bM’BC%a?%hbrml yticus

| FO 12970 >300 88 8 Mol Penicillium

roqueforti Staphylococcus aurq¢§)gﬁgg 13276Leoﬁpchgxgchlggcoll<gATCC<3

Exarrple 4B bB536) . (ERRES e ae e et vt (115E,12970) ' &ha’a Bfue mola
45

(Penicillium roqueforti, IFO 5459). The resulits are shown_

in Table 11.

Table 11 Bactericidal Test on Various Microorganisms

Comp. | Ex. Ex. Ex. Ex.
Ex. 714 5 6 7

* Gram-positive organisms
Bacillus subtilis ATCC 6633 >300 <3 <3 <3 <3
Micrococcus luteus ATCC 9341 | >»300 | <3 <3 <3 <3

Staphylococcus aureus
IFO 13276 >300 <3 <3 <3 <3

* Gram-negative organisms
Escherichia coli ATCC 10536 >300 21 <3 15 <3

Vibrio parahaemolyticus

IFO 12970 >300 88 8 <3 <3
* Mold
Penicillium roqueforti '
IFO 5459 >300 58 <3 <3 <3
10
(Notes)
Comparatlve Example 7 (Dx) : Filter alone

Example 4 (D1) : Lysozyme immobilized on filter
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Exanpl e 5 (D2) ; Um&szgennasﬁe@r@ @d¥ine i mobilized on

filter Exanpl e 6 "Iﬂl IﬂFﬂ zynme + glucan i mobilized on

filter 5 Exanple 7 ( yrre+protamne+g|ucan
i mobilized on filter is clear from Ta

purifying filter D2 of Exarrpl e 5 having |ysozyne Iﬁ@b%ﬁ%ﬁ’\wﬁm
conbination with 10 protamne, the air purifying filg il e J6
havi ng ysozyme i mobilized in conbination with g ucan and the air
purifying quxémpéa &f (BRanpl e: 7L¥aQzyMe | ysprohamingpbinmpbsdized opn

conbi nation with protam ne and gl ucan had an enhanced bacteri ci dal

ef fect against Gram negative Eschieki®hia coli 15 and Vibrio

parahaenol yticus and _a npld Penicillium roqueforti conpared to the air
purifying fiF¥epede & (D3) Exanfpréoaym.thgﬁaaaenwmppgsﬁﬁé PRmobi | i zed
on the filter. Briefly, Hﬂﬁf supported t hat by using bactericida
enzynes in conbination mAt T non enzyne proteins or peptides 20 -

al so havi 9 Ry rLCi I actio P rid the ability
of the fiﬁrt er ] og%gr |l7f3$62| r by’ kﬂY%‘) %4" BJ’X%?‘%Q%W sgi GAtrol 1ing
m croor gani sns can be e”ha”CEd'ihmobﬁ%iéﬂdﬁb Pfe #f%éﬂmder | ysi ng spectrum

I ndustrial Applicability 25 e alr purifying filter of the
i nvention is capable of an efficient adsorption of air-borne bacteria,
fungi and ot her m croorgani sns that have been inpossible to renove by

chGConvent ional fAbktgssclead #rbmoirabaet eli,cital air purifying filter D2

) E of Example 5 having lysozyme'immobiliéed in combination with

10 protamine, the air purifying filter D3'of Example 6 having
lysozyme immobilized in combination with glucan énd the air
purifying filter D4 of Example 7 having lysozymé immobilized
in combination with protamine and giucan had an enhanced
bactericidal effect against Gram-negative Escherichia coli

15 and Vibrio paréhaemolyticus and a mold Penicillium
roquefortiICOmpared to D1 of Example 4 which had only
lysozyme immobilized on the filter. Briefly, ‘it was
supported that by using bactericidal enzymes in combination
with either non-enzyme proteins or peptides also having a

20 Dbactericidal action or with polysaccharides, the ability of
the filter to purify air by killing or otherwise controlling
microorganisms can be enhanced in terms of the wider lysing
spectrum.
Ihdustrial Applicability

25 The air purifyihg filter of the invention is capable
of an efficient adsorption of alr-borne bacteria, fungi and
other microorganisms that have been impossiblelto remove by

the conventional filters, and a high bactericidal
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purification performance by killing the m croorgani.sns t hrough direct
l'ysis of their cell walls, as well as prol onged bacteri ci dal
purification of air. In addition, the filter is capable of renoving
the retained organism 5 cells by killing or otherw se controlling then1so
t hat they wi Il not regrow to'thereby prevent the nicrobial
deterioration of the filter carrier and secondary contam nation due to
the scattering of the organismcells. For renoving m croorgani sns in
food, cosnetipurificatiowgerformance bediiHl imndns heicfoctgnidoere i s no
alternative to using ULPA and HEPA filters which are ul trahi gh- and

hi gh- per f or neoeoudh t@&imeql i Iysis yof ntheidedcell wdlls s enpweljl fase dust
partlcles and whi ch hence require huge el ectrical energy consunption

t o 'conpensat @rdaongedjcpadtepicitdak counktidatiomiof sadgpl y. Inf adddtion,
purifying filter of the invention is used as a filter elenment, a

| ow pressur e the filferiig t@PM@%WW%V@%Ir%ﬁw QJ%SﬁIbTeSm eal i zed
and it cag be used .as a | ow environnent al act filte uiring no

more than®a f3%ckd d?YdTJ-F!-Pé‘%e‘?%t%‘Fl’b?@”*%Lﬁ RiFolbing dhem 39 Wit ghey

consunption. will not regrow to thereby prevent the microbial 4? i

deterioration of the filter carrier and secondary
contamination due to the scattering of the organism cells.
For remo#ing microorganisms in food, cbsmetic,

10 * microelectronics, medical and other fields, there is no
alternative to using ULPA and HEPA filters which are
ultrahigh- and high-performance fi;ters primarily intended
for removing fine dust particles and which hence require
huge électrical energy consumption to compensate for large

15 pressure loss from air supply. if the air purifying filter

| of the invention is used as a filter element, a low-pressure
loss filter downgraded by several classes éan be realized
and it can be used as a low environmental impact filtgr
requiring no more than a fraction of the heretofore required

20 electrical energy consumption..
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CLAIMS 1. An air purifying filter having an enzyne imobilized on a
surface of a carrier. 2. The air purifying filter according to claiml,
wherein the carrier is either one of cellulose fib '

gl ass fibers and ion-exchange fibers. 3. The air purifying.fi
according to claim1l1, wherein the glass fibers are-bE"ﬁ u“ §EH
fibers. 4. The air purifying filter according to ¢i# L .

boron-silica glass fibers are those which have not been rendered to be
wat er repellent. 5. The air purifyi ngLAIMSer according to claim 3, .
wherein the boron-silica glass fibers are coated with a polynmer having a
functional grbup. %R airTpurifyingrfiltey Ravieg apcenrsypg immebilired
wherein the pol yner having a functional group is a polyner having at

| east one fun®®i¥nSPTERGEpOEefcE®EHI®Fom anong -NHR (R is not H but an

o er 8t o7 e R SPRRLey BB Hha e Mo UBRY ¢ SRl yperenn
L f v il Lot : ¢ . ~ , h

b the carri chie CEFFREE 95 81 BREr REC b eFiilate FERehoRebebhEsT ke,

particulate piysfreegiblkerinlrs andNfoftl bxBHARGYI BbELl er according to

any one of clarns 1 =74 erern tﬂe enzyne I's Tnrmobil1zed through

COZg' ent bondyng. Phe aiFBuBifyPhgi EYiterfabtsrasgotdi 8laim BNYwREPe2h

the glass fibers are boron-silica glass fibers.

4. 'The air purifying filter according to claim 3, wherein
boron-silica glass fibers are those which have not been
rendered to be water repellent.

5. The air purifying filter according to claim 3, wherein
the boron-silica glass fibers are coated with a polymer
having a functional group.

6. The air purifying filter according to claim 5, wherein
the polymer having a functional group is a polymer having at
-least one functional group selected from among

~NHR (R is not H but an alkyl group selected from among
methyl, ethyl, propyl and butyl), -NH,, -C/H,NH,, -CHO,

~-COOH and -OH. '

7. The air purifying filter according to any one of
claims 1 - 6, wherein the shape of the carrier is either
cotton-like, filter-paper like, honeycomb like, particulate
or screen-like.

8. The air purifying filter according to any one of
claims 1 - 4, wherein the enzyme is immobiliiéd through
covalent bonding.

9. The air purifying filter according to any one of
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clains 1, 2, 3, 5 and 6, wherein the enzyne is i mobilized .through ionic

bondi ng. 10. The a%r-pUTTTVTﬁﬁ_TTT?ErlaCcording to any one of clains 1

- 9, where the carrier | [ ' 11. The air purifying filter
according to claim]1, vﬂiﬂmmﬁm‘m\mﬁ is either of _a.single type or a
system consisting of t of nmorer types, or it fornms ATHISKXBHMEET PIASSBEEN
conpound wth a non-enzyne protein or peptide and/or}a pouﬂﬁiﬁeﬁ?ride.
12. (Amended) The air purifying filter according tolelaimiofwdl,
wherein the ehaims ils 2t [3eas amde 6,y vhegedmz \bine eyt de fimmuksiidied
| ysozyme, chitinase, protease, glucose oxidase, glucanase,
[err]-gal act 6breugh, iemdd domdingacet yl gl uco- sani ni dase and endol ysin
13. . The air Burif&ing tilter_acqordinﬂ to claim11l, -wherein the
non-enzyne ph8tei nTBR pdpt PY&ifyigg: hdd teFe aceemddniacit@alanyr ong wior |
pepti de sel ected fron1annn% protam ne, |actaoferrin_and polylysine. 14.

The air puri FyPAESE L red -af06r§ dhe Fadrdieh 16 @ JE At %6F -pol ysacchari de

is either one,of gk can, dextr, ' nnan al act.Qqmannan, .| amnaran, _ -
carrageenan zﬁd ag ﬁgsg;r-purl%gingw%lﬂ%er %ccordlng o) clalmil, #ﬂere%n49

) the enzyme is either of a single type or a system_consisting

of two or more types, or it forms a mixture or a compound
.with a non-enzyme protein.or peptide and/or a polysaccharide.
12. The air purifying filter according to claim 1 or 11,
wherein the enzyme is at least one lysing enzyme selected
from among lysozyme, chitinase, protease, glycosidase,
glucanase, ﬁ—galactdsidase, end-f-N-acetylgluco-saminidase
and endolysin.

13. The air purifying filter according to claim 11,
wherein the non-enzyme protein or peptide is either one
bactericidal protein or peptide selected from among
protamine, lactoferrin and polylysine.

14. The air purifying filter according to claim 11,
wherein the poleaccharide is either one of glucan, déxtran,

mannan, galactomannan, laminaran, carrageenan and agarose.

This Sheet Has Been Replace
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