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SUMMARY
(FEL o)

Development of advanced filter material for virus adsorption and inactivation

The spread of airborne pathogens such as avian influenza, foot—and-mouth disease, severe
acute respiratory syndrome(SARS), and new influenza(HIN1) cause damage to stock farmer
and people constantly. To protect this airborne virus damage, development of efficient
air—filtering material is needed. In this study we developed novel fiber materials which
have ’'virus-adsorption’ and 'virus—inactivation’ properties. These fiber materials include
chitosan/hydroxtapatite composite fiber, halamine fiber, copper/chitosan composite fiber and
IeY impregnated fiber respectively. Non-woven filters were manufactured using several
these novel fibers and viral protection properties were evaluated by in-vitro and in-vivo
method respectively. This novel filter shows 99.9996 of virus inactivation rate in in-vitro
test and excellent airborne virus filtering property in in-vivo tst(newly designed bio airosol
experiment system). Consequently this novel fiber is expected to be used not only for viral

protectors such as mask and gowns but also air—filtering system for farmhouse.
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Hydroxyapatites (HAP), Ca10(PO4)s(OH)2, possess
Ca?tsites surrounded by POs*tetrahedra parallel
to the hexagonal axis and are of considerable
interest in many areas because of their ion-
exchange ability, adsorption capacity, and acid-
base properties.

o A = The Hydroxyapatite ceramic is widely used for
[ . % i A filtering the microbacteria and virus. The SEM
Figure 3: SEM image of Hydroxy- picture has shown the Influenza virus was
apatite coated fabric adsorbed on Hydroxyapatite Ceramic surface. It
is proved that the PENTAX HA-coated fabric filter
has its performance of Virus Filtration Efficiency
(VFE) more than 99.9%*

Figure 1: The 3-D Mode| of
Hydroxyapatite

For more information, contact your i+CARE VIRUS FILTER
sale representative or i+MED Helpline +66-2530-7800 or
Email: info@imed.co.th. Visit our website at
www.imed.co.th

Figure 2: Influenza Virus Figure 4: SEM image of Influenza  *The maximum value of the test according to the test method
Virus adsorbed by Hydroxyapatite by PENTAX.
ceramic surface

PENTAX ceramic filter coated Hydroxyapatite is a product of PENTAX Corp., JAPAN e
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@ SEM(EDS) &4
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& SEM(Scanning Electron Microscope,
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Scale Lab Pilot Pilot Lab Pilot Pilot
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54 Calcium nitrate(CN) Calcium acetate(CA)
SRS Sodium phosphate dibasic, anhydrous
HAp&=
e 40
(%)
T 32 WA HE L A
Test )
It Unit | CN-L24 | CN-P24 | CN-P48 | CA-L24 | CA-P24 | CA-P48
ems
Elongation % 7.9 2.7 6.8 6.1 5.6 17.5
Tenacity g/d 0.9 0.9 1.8 1.1 1.0 1.2
Linear
i denier 43 238 24 42 3.4 3.8
Density
Modulus
g/d 247 7.8 38.7 26.6 28.1 28.1
(0~3%)
Modulus
g/d 13.7 0.7 19.9 12.8 11.9 17.7
(0~5%)
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19 3-15. Resonance effect of imide halamine upon loss of chlorine.
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19 3-16. Dissociation reaction of halamine compounds.
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19 3-17. Reaction scheme for cross-linking chitosan with epichlorhydrin and chlorination.
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Preparation of chitosan fiber mmall Cross-linking with epichlorohydrin e Chlorination of
cross-linking chitosan fiber

Air pressue 4 kg/or l

Chilorinated condition
pH2 5 7,9 12

Chilorination time
2,5, 10, 20, 30 min %
N-halamine based sample

——
.

————
—

19 3-18. Schematic representation for preparation of

cross—linked and chlorinated chitosan fiber.
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19 3-19. Isolating single colonies by spreading liquid aligiots of cell culture.

19 3-20. Microphotographs of gram-positive bacteria(E.coli) and

gram-negative bacteria(.S.aureus).
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19 3-21. Effect of chlorination time and pH of on active chlorine
content in chitosan fiber(concentration of sodium hypochlorite : 0.8%).
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19 3-22. Effect of concentration of sodium hypochlorite solution

on active chlorine content in cross-linked chitosan fiber(pH 5).
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chlorination time
5 min 10 min 20 min 30 min
o .
un-chlorinated
chitosan fiber
pH 5
/4
pH 7
pH 9
\\
\~~ —
o .

19 3-23. Antimicrobial properties through growth inbition zone of chlorinated chitosan

fibers according to pH and chlorination time against £.coll.

chlorination time
pH 2
un-chlorinate
d chitosan fib
pH 5
er
pH 7
pH 9
pH 12

19 3-24. Antimicrobial properties through growth inhibition of chlorinated chitosan

fibers according to pH and chlorination time against S.aureus.
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Table 3-3. Growth inhibition zone(mm) of E.coli and S.aureus.

E. coli S. aureus

5 10 20 30 5 10 20 30

Totally Totally Totally

2 68 ) ] ) 11 21 36 77
killed killed killed

5 Totally Totally Totally Totally Totally Totally Totally Totally
killed killed killed killed killed killed killed killed
7 0 15 17 25 15 18 17 30
9 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0
CROH o CHOH
/O +H20 bﬂ 0 HOC]
HO
HO 1
NHCI NH,
Cl' + OH”
13 3-25. Dissociation mechanism of N-halamine made from
chitosan to produce active chlorine.
(th e 9 T 4
NS £5e Bolut dme, Sele] FHHAE GAW, FAEMN, A2 S} L f
Ak FHe A, AN g R4 Fol §aEE 4ol Ak aev, FeuepH 12)8

BES Holtprh A= SaEAT. wepA g a el oA &E A e A
oS Holstz]  ¢al  epichlorohydrin®e®  7|EAF AS JtwA A 7| EAL
epichlorohydrin AFo]e] 7luli= 7| EALY] oful 7|} A7 oA dojgd 4 =t 71EAF A
°] N-halamines}tell 1ojA 1z ofRl 7]t ofyjg} 23} ofvl7]o A& whg-o] doji}r] uf o
epichlorohydrin®] ]38t 71EAL A &9 7tu A dasle A 9GS nxx &S Ao

ol A o
epichlorohydrin®. 2 7}u¥ Z|EAF A9 H7Fn 7|EAF A/-7F Zold A4 YEF &
2

H o] pHell wet BE=et T3 Hhol mxl= 235 & 34 Uetllth d4std 7t 71 E
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3-4. Effect of pH on swelling ratio and weight loss of various chitosan fibers

3
ar

chlorination

cross-linked chitosan fiber

chitosan fiber

swelling

weight
ratio(%)

loss(%)

swelling

weight loss(%)

ratio(%)

pH

8.2

106.8

30.1

558.4

4.3

51.6

18.0

117.1

10.3

36.7

25.3

91.3

15.8

31.8

43.7

60.7

33.5

15.8

50.4

17.9

12
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v A2zt 7t 71E4F A3 08% Aot YEF 7899 pH 2 wpel 4371
Z|EAE A9 SEM ARS 19 3-260] YERWTE AAasA 71 A] @2 AP hal 71 EAE A
fF (a)ol vlsle] A FAA FA3F 7t F)

EAxF AR (b), (O A9 9" ¥t
B

stA1 7 (D)= dast =% 7Fa 71 B4 A

gelow 49 Aeldiit HEF Foooln o
F7h tha gsol PIAY b RN At A4 2ANA Gas A RS Aol 1)
stel el AFol A Afsh ARt 2HH ol Ut AFL nAth Aoldad HEF

GY (e ®

(a) un—chlorinated chitosan fibers, (b) chlorinated chitosan fibers on pH 2
(c) chlorinated chitosan fibers on pH 5, (d) chlorinated chitosan fibers on pH 7

(e) chlorinated chitosan fibers on pH 9, (f) chlorinated chitosan fibers on pH 12.

19 3-26. SEM of chitosan fibers.
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WA LS N-halamine3} 7] E4be] &A4sts 2 A
25C, 65% RH 271 3lolA] o= AT §A= & YE=/tE ousiy, 29=3 Ho o3
S8 da® 2APgow a7 3279 el 645%9 HE A4

_%_
N-halamine3}¥ 7Fu 7| EAF A+ GREFALO] AdsE A4 AP 309 F9
q

fo
o2
B~
lo
of
Ho
i)
%
L)
-
>
o
o,
B
=
L =8
AL

N-halaminestd 7t 71E4F Ao A4 FaS oF 54% A% 295%E YEFW A T
oA As] gt AYolA Zln Z|EAF AR FHe a9 oAl Wy oW A o] LA

1

AR AbEE 7 & AR =2 ds EFdth N-halaminest® 7l 71 EAF A7 Alfbo
el w4 B0l

7] o EAs= &3 WkS-ste] N-halamine?] dE]E XAl N-halaminedt®  7Fal
714 Aol A4 BEffge]l A2A AT 2y dAa el 295%E fdad
N-halamine3t¥l 7|E4AF AF5& 22 27 5H0.8% #totd A HEF &9, pH 5 943}
AlZE 30)oll Al Al AastAH S AdastE 7t 7|EAE AR fFE dATEE 69% =
=2 A S e

2foL9de gwe (DIN)

0 2 10 {2 30 32 30 32
0 1 1 1 Il 1 I 1 J

(&%) natnoa snitoldo svitoA

19 3-27. Active chlorine storage stability of cross-linked and

chlorinated chitosan fiber at 25C and 65% RH
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¥ 3-5. CH/HAp/Ag composite fibere] =@ % A2

) . Linear Modulus Modulus
Elongation | Tenacity )
Sample %) (a/den) density 0-3% 0-5%
n
: g/ce (den) (g/den) (g/den)
CH/HAp/A
/, p/Ag 12.1 1.8 2.0 35.8 24.0
fiber
Counts
40002
E Ag
3000
2000
1000+ i
O —— ]

0 5 10 1% 20

—_ ..

19 3-28. EDS curve of CH/HAp/Ag composite powder.

L - . I 4
| 4 - o RS,
I B Jel-sqees o zakuy ¥3,. 068 Shm JSH=5368
= N | : A :
\ : !

29 3-29. SEM micrographs of CH/HAp/Ag composite fiber.
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¥ 3-6. | EAVHAD/Ag B4 f-0 Fit4 H2E A
fia T A s | 71EAVHAp/Ag =3
7] #5(/g) 45 % 10 45 % 10
Staphylococcus aureus - -
18X 7F 3 (/g) 1.65 x 10 <10
(ATCC 6538) T
A28 (%) - 99.9
7] #5(/g) | 475 x 10° 45 % 10*
Klebsiella
Pheumoniae 18417 %(/g) | 225 x 10° <10
(ATCC 4352)
A28 (%) - 99.9
71 &2/ HAp/Cu E33 49 Cu9 =S 3,000-30,000ppme E3A 7| WA A4S Az
20,000ppmo] Aol A= WAL A A FAa A Bako]l H x| kgtow JEA £ g7} ¥
2] kT ol Curt 71EALY Ao EE YAt &5 WHalstE sow AztH
upekA 3,000, 6,000, 12,000ppmE H7}ste] A= Al x4t
29 3-30% o] 12000ppme EFF BFAFE Bu Fabre 5Fo F2 U dehio
T27F e AS Scto g geld 4 gt
ICP-OESe] 98] 7]|EA/HAp/Cu B34#9 TFeldsEds A3 o2 win] Hit
69.06%°] Tl FFe UehAE ot WAz FEHY, SnFAFe] Debo] o
o7 7=
71 E2/HAp/Cu B84 59 3dAdS 2438 A3 =g vsk g4 S vehA ol e
7F A AR = Aoz AztHEg
meba et 9 dutol Y g S FAlY FESkE ™ Aget Curl sAlel Eofrtel & Ao



Sipan-p=
EAS 54 A3 AghRt CuZl 9FF 22 HEE YHeEUAEd ol ZYolEVE AT 5
9= Cu®l ko] =& Ao 719lsks slom Azben
3 3-7 ICP-OESe] ¢Jgt 2]gh=Fe] wsh
3,000ppm 6,000ppm 12,000ppm
Cu(ppm) 2,080 4185 8,175
o] &X] tn] (%) 69.3 69.75 63.13

¥® 3-8 7I1EAHHAp/Cu &34 (3,000ppm) el & HAE A}
7 T AWAAR | FEA/HAD/Ag BT F
%7 #5(/g) 1.2 x 10° 1.2 x 10°
Staphylococcus aureus _ 5 5
18A17F F(/g) 54 x 10 40 x 10
(ATCC 6538) e
AT 28 (%) - 25.8
%7 #5(/g) 15 x 10° 15 x 10°
Klebsiella
Preumoniae 18712 F(/g) 81 x 10° 50 x 10°
(ATCC 4352) A 28(%) - 38.7
¥ 3-9. CH/HAp/Cu composite fiberd] 2% A=
. . Linear Modulus Modulus
Elongation | Tenacity .
Sample %) (a/den) density 0-3% 0-5%
0 en
g (den) (g/den) (g/den)
CH/HAp/A
/Hap/ie | ooy 2.05 2.31 44.2 29.5
fiber
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3. ZEHFAYE A S&AF N

HF2 o] A xz7F A2 ol

Z| ol Fiel whel SRR Ee}
A FAE7E o B FAAMHe wel {dA/FA FAEE 9low B A
w2} NP(Needle Punch), CB(Chemical bonding), TB(Thermal Bonding), ST(Stitch bonding),
SL(Spunlace), MB(Meltblown), SM(spunbond)%s 2] t}3k F-2 £ 7} Qi)

ZF FAFEAEYE mE Az, 54, FEEE U 3 3-109] HERAH

Process Al % =z -
AAEA] =AY} sdg A | =4S 9 A Wi S
iper, E}9,
GARAE | oht @A Qe BEe AgnA | §A wsAL | ST T
G AEARE e Ax | AS ’
Chemical AB(web)ZFA H2AAEZE AT |+ T80 -
i - A A7
bonding o MEAA AXTAHE AA A=x | vl$ Ho
AgAe Jhad FHYHeE B _
Thermal b coner o _H HAAZE AFE8HA | 71 A A, wpx=,
i AA E, oE, &4 To=2 Zss )
bonding o ol A A< Filter
AL oA Agste] Ax
N ) _ AA e, AA,
AT HAHAAE FAld o]g | 7tEeF MEwE] B _
of| o] | o] ) . 7V 9 E 7] 2 Al
sho] Az NGOl 7F $la . ~
wiper, 2~ %
Sounl IYTFFE ol&std ArE 2 | 987 78l [ WMdZEE, AA,
punlace . I
alo] A=z T A &-8-3E wiper
A7, Y&
SEURE Pasel AAARSel | Sra me qu| o LHEH
Spunbond ) =7, EAx
peheis AAZE &o]
swd—rﬁx% HIAL S =7 0} o 3
H o T ]’ e} }O]'O% J—H—E“é‘oﬂ %Oﬂ}‘é, H]l?‘ﬂ]—/\j, %Ei, FGO:]XH, -E—
Meltblown | &l SAAHFE o 43 && .
_ AAA o] ¢ TAE, wiper
Aoz Agtsto] Az
ZIAR(EFutsE)o2 f#S A3 | 7HIE, Ry -
Needle punch o = = B FAZA ] Kol -
o Az g, AA
HAE S WAL A Lale] HH
Stitch °° ne B Age FAE gfey Q1| A A A s AW A
) AE ARESEA] il A= FHA
bonding AAEE =5 A
Az
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HEHES $HE AMEste] mhiaA, EE S

e 2 3+ crimper/cutting MCS ©]-&3}e] 12-15crimp/in, 51mm alginate
AGE A%x3 5 Needle punching &< o] &3te] FAZE /sl RAILE A %357
Aaix e Aol Ak, WARRAL, A"z ASF FAAAE THAE S &

s oW A-MEAS, AYZA LT AstEo] FAZAGA o] A skE At
Wb 7] EAL/SFol == A O}TL}E}O]E 3= Opening % Doffer 27rpm, cycinder 600rpm,
feed 100rpmo. & carding 3+ F traverse width 11502 % lapping3dle] webE AAr}t. Adojxl
webZ Neddle-1 600rpm, neddle-2, 1,100rpm, 3m/min® neddling &}o] FAEE A %3 T
AFaAES Zola WS 7% A st7] 99ste] 1202 calenderings 3] £ 1m,

hya S
140g/m*e] B-A L= A x5t}

o

(2) MEEHol o3t FAE A=

AGANFAME 10-70%744] thkstAl Exbsto] 20022 d2 §23le] 20gsm w389
@} 150gsm 2H-E FAEZE Az

(3) 7IEAY/Sto|=FAlolutEto]l E B A X A%

FAZ Az 244 wE SA4%HE Esto] EEAotgtElol E SR
A HHo gAS AR AqdAEES =ol HHEAS HAaster] flste] olF
sko] BestE Almsiith it 7 I dHAAA R ARREY] fside mAl 7es
el AT 441 o] FoA ok sl Yewd VTR E T UARE o83 B2
o] Bela AAAY 2D BAo] 2EEA| Eslo] nlolazF 7 FEE 2= melt blown(MB) 34
2 A zx3 150g/m” A ¥EE2 CH/HAp/PP #-2 %] Hot Melt® &Aate] Fit T3 2L F7
7} 180g/m’ 1.0mm7} ¥ =2 E3t8-2 ¥ (CH/HAp/PP/MB)E A %351t}

.
™
Fel
2
]

)
>
V<
ol
o
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(F7E)

—Hz
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of
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s e
off M N

ol

o

19 3-31 Melt Blown 3 ¥ A% 34
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Nonwoven Manufacture Process Diagram

Opening E:] y Oy
E I I Metalic Card =

Down stripper Machine @
Cross
mmi| I - @

Main Pre

| ooosoozommin || s | —_Web tumer
Needle —  Maximum stroke: uﬁ ﬂ

Punching L 2100 stroke/min

Heating

= = oL
\ - 10 °C 120 °C A I::>

Winding
Batch Helpa

Thickness: 1.5mm
Width: 1500mm
Weight: 150g

Bonding Method : Laminating, Calender and Hot Air Blowing

—_—

Opening Carding Web Feeding Needling &
Finishing

AR o4 EHARYSHEIE
Feedingd 2| EHH| AES =HE 1
IH e ol 2 E defet  de 2E52 SE
scrimp H=(12~15 EHE AR HEZ =E
gt & /RN R HE 2l == *Needleing speed,
He *Doffer, cylinder, El =, calender temp.

feeder speed =&

09 332 HAZ AZ TAR
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2 A4 e 7H A= ol FErt =g7] Wit T osiA EFHh
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571 &8 s2% AAY A et FAL dA= A AR FHAA S o
g} wol s=A &ga Aste = FEFe] Aol Aol AF FEst] THET o] e 5%
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ojelo] o] AFAES AFAH oot AES 3 A} @A HAYSFA At
o]Fo]A = Aol ol oy QAE = AV, AEEUE FVEFAE, A9 fineness,
needle®] Z7], needle®] F3HF7 5 A8 AAEe] s HEFgHoz JIFS werh WAIL

FAFE AR a &S FopH vt HA A&z

webd, Ao AE A Z AL a4 17 3-348 o] AT A4ES Az 0
M B4 VFES BAG 23 E 3120 e 23 go] Uk TG FAHZ  AEE]

of Agtsl EAS HYUH(E3-12, 19H 3-35).

K
M

o

o E A} _
/Hé‘—j:ﬂ AN S HEHO 82 % _ 7] &
desd | d | & A |[EXLF £+ T FLeE3 .
= 7 3
e @ ||| A%y HEes
= panel 3 NNR 5 e BAxe o |[ABH T4
=] — 2~m 3
o [a|TH A (Bl ol [duEst FBTE
E} rolld  |game ANAY) (%) A &3}
=]
N & 0.5°]4 | 30~98 | 5~20 - (W g FeE 70%7t
i AL Ed »AE
=] panel 3
o 2EA Aele B (AN E
x pre-filter 5~10%
I kA e Away F|Wdee  |compactd}
R Rk 1.00]% 30~70 | 20~40 |z 28 a7 |AgEs
—7 -
Nk oot weg gz o Ag |BFEE
Al A
| _lzaw | 98014 Womy  (AAEE
5| .
2 | A 0.3~1.0 HEPA 10~15%
N KSR o] 85~98 | 50~90 |ULPA
H% 22 A .
A7 pre-filter
2= g 2
H Frelv = O s ae pASHEs)
er=A, Al i
2| " 8K 99.97 A7t @ |HE S
= 03¢l DAE, A
| o |= 7 Ml axe
A Tl BARE| g a =
g | 2 len B RGBS
- - - =
5 yleee [sax
2| L 99.99
Ei P O.lo] 0]’ O]}\o]—
A

(2) 2E H7 7)1 FE 24

7| B2/t =% Ao} sElo| E/PP RAE(CH/HAp/PP)Sl ZE 58 F4N717) sl Bstg A
T3tk B ge 9 AEE G477 Y959 melt blown(MB) ¥ o2 A %3 150g/m’
RASEZ CH/HAp/PP ¥4 %o Hot Melt® §#|8to] Hit +%F 2 F77} 180g/m”, 1.0mm7}
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L5 ERA X (CHHAp/PP/MB)E Alxstglvh. F-A 3o ik e 4k+= KS K
0860(Z ~E 2 H)o —fo}oi 25331 2500N2] Load CellS AF&3l9 Cross head speedi=
100mm/min&.2 31438t FAsrh FHxe] o3 g 82 flow rate 32L/min, test filter size
100cm?, 0.3 um NaCl solution 27 & TSI 3160 Fractional Efficiency Filter Tester® A}-&
skl Skt FAREY A F A AdE F o UElAT. Il Y=aA
FAE] A o vste] CH/HAp/PPO &40l ta A vEwton ol w@s YEdd
ot Aol e84 wetd A dell og PP A&Ale d-E ol W}E An= o, w3t

F

MB B4 %2 @48 Zos 7|¥AZ A3 Spunbond HFAF ] 953 BAH 7|98
2HE 2AE A&etr]d 8% 245 2 v AoE Uyt =3 MB ¥4 xXE &
A Aol s Nt ol nE & 90%E st

o #AAsst AAsE Qo

CH/HAp/PP #2322 2% vwa 7] 2%7} 207140 m2 A3 §7 Rxso] e Aoz B

°|v] CH/HAp/PP/MB2] 49l 10 m ez s 23 F7 BEse} gl Aoz vl
}

Wk webA CH/HAp/PP So] wlad Ax thokst A7]9 BEE
A S Eeld ez oaia7]an Ay oAl FHE nioldAs =2
Ak Zlo] vk Aoz dAvkdch

% 3-362 FH o AL

U{H
o
o

# 3-12. FH oA Tl wE &4

Sample CH/HAp/PP CH/HAp/PP/MB

Resistance (mmH>0) 0.205 3.977
Penetration (%) 49.19 5.58
Fractional Efficiency (%) 50.81 94.42
MD 102.0 60.4

Max Force (N)
CD 30.3 35.09
Elongation at Max MD 297.8 24.64
Force (%) CD 259.0 25.97
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%Y 3-34. HA

B oA Alsd

(a) Chitosan/HAp/PP (b) Chitosan/HAp/PP/MB
average diameter [microns)

Ul o

(A
i
o
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_65_



R N L

(1) vhzze) E5

npaze] FRelE g, RAE FEE, $Anaar FREY 7 npaae a5 ve
2
¥ 3-13. vhaze] EF
vz %R
HAE vpaA 2F7] AW 24, 43, i SoRFH BEd 5HOR A
TEE vhaA ANg, A7, B FE4 2EL e 2808 A4
GAb mha PAHRTE 55718 BRI 5402 AHE(KF))
KR et Add Ao FdoRP Y 2]715 BE(KFY)
(2) vt==9] 5F(KF)
KFE ‘Korea Filter'e] oFolzZ BIAXHEE, ARSI AY, FAHAES 7] wgl KEFRO.
KF94, KF99& 1 sw°] trolxlth
¥ 3-14. mlaze] 27
7l =
o g o
BAEHas GHRFIAY | FAE
80% ] 4+
s 9%0]s ARSI SAK:
KF80 e R A8 6.2mmILO ols} | 25%0°l3l | FAPA g
9490] A
3] 3 ol a
KBS | asppes w gopew ag) | om0 sk | 1leelst | 9H 8
KF99 Wrecld 10.3mmH0 ©]3} | 5%°] 3}
(@eIEs 2 gepmed Aw) | T oot
(3) FFATAA A E
AL vl goR Y 3-373 gol AAste] AAFL A%k

_66_



et ® =&

LN EuE MR w0l R MSUKEAA SxEE

M Y 3 i
4 [ ] ® §
L ® : ® TR 27|
“o S
L
. ! i
HiO[]A ! . |
@ il TEE 0 U=z
B SHiofois SHIEIE B

HRoF Hiol,
FolidEE B2

a9 3-37. FAS mhaa A

s

19 3-38. FARS mhAaA AAlSE

_67_



12 wlolH 2 £83 ¢& A A 7= AL
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a9 3-39. IgY

P

A
]

<3 =

A

&

Falz IgY

A @A ZAM= enzyme-linked immunosorbent assay (ELISA)

R
Sl

ool gt

3}

carbonate—bicarbonate

Hrs

Fol microplatee] 4TolA 1247 S¢F I®H S

J|

Sug/mlo]

KR
=

S

A} mjol ] A~

=
=T

]

e}

FA T

]

]

2 A

Ho =

ok PBST(PBS

S

buffer(pH 9.6)%= 34

o] 3% skim milk &S 2 2A7F

@ F

z] ©
4g

containing 0.05% Tween-20)2. &2 33] A
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SollA WA =S S 924. Fol A A& FAE 3% skim milk & ol 20008 FE 1,458,0004] 7}
A 3u2 A% & 37CAA 2A13F wHS-A]ZTh 23} &A= alkaline phosphate-conjugated
affinity pure rabbit anti-chicken IgY(IgG)E 50008 = 3] 3Fo] 37TColA 2A]7F ¥H8 AlZ
ot 7]dE o2 SAT blue &94E AFE3sto] 1027F ¥H&S A ATE RES- A4l = 8N HySOq4
& A& 2™ microplate readerg ©]-83ko] 490nmel A A 7FE A3

| e e “'ﬂ\ -\ﬁs.
wash wish | wash
e s o ? . e o s o9 s w9
Antigen- Add specific Add enzyme- Add substrate (S)
coated well antibody to be conjugated and measure
measured secondary color

antibody

1H3-40. 2FAEFAA IgY A T3l #A4S 9% ELISAY 22 =

Q) F&dA HA G4 Zle AE AA Y
= .l

shol = % Ao} shebo] E(HAp)/Z1 EAL o2 FAE A&l Hfol muso] 9 HApel
A4 (Can(POJ(OH)NAE B & o] FHS tehd & Qi 4252 Bo] £¥3a 9
7] wEel A4S vehllel A714e FEAGA dd FHS HE BAs A@s) @t
1% A2 ARl BASA 2 IR gY(gG)E obvlw=tow Tasle] gt v
2 34 H3 g A BHel THFHAFS B B YA AFS Y T 5
gt AT FAS Aelshs B sEe] met Z&o] Folsk govl, oo W HAY 3
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7b ZEH iAo ZRAZFA} vlold 2~ Y & B4

(1) FE AnAe] ZRAFFAA vholel~ e £& B4 WP @ A3

(7h) Q1= Fql#} vlo] g 2o thdk FITC-conjugated IgY A%
AAS IgY @A fluorescentd] FITCE 1:1,000 (FITC : IgY)9 H&=Z ImL 0.1IM
carbonate -bicarbonate buffer(pH 9.5)o #7st & A2 Hd 3o A 2A17F &< RESS
A AT {E-gAS Sephadex Gh0e.2 2 IHE A7l ¥, FITC coupling efficiency & <13}

o} 0.22um HE g & 4T Az B

52

ol

15F2 mloje 2, ADE AP (FAE A AH)et = (A=

G e A e Af)E vlol#] A passthrow X (AFA] a1¢hyo] dubA F2bak ofS A oto)
s o]&

= ~
g zatol] g A8 ulo] 8 23 (10° TCIDsy/100ml) ek vlole] 2 34 ol (PBS)S A7 S o]
ato] F4No] BEE 1 1087 2R FFo] o] FAEE Yt S HErES WA S
S e AL 9Fow B, nE A 7tz 334 F3Een)

vlol g 29} wfolej 2~ Al o] oty HEE 3% BSAel 1A1ZF blockingS AT 0.2%
tween 200 % 33] A& AAIE Fo 1:20000. 2 3% BSA| 31413 FITC-conjugated IgY ol
37Co] 307 HFS-S AT 02% tween 200.%2 33] A FHS AAE F fluorescence
microscope  (Leica, wetzlar, Germany)® #&3&lo] nlojgjx~  H
Fluorescence microscope® @2 2elst Ayl A& (AE X3 AF)3 2 (FAE GA
hAl e Ar) e FolF < Aol S geldd

PN
e ,
AAE A2 FEH AA, whole 2 Hd + A PEF Ao|AAE FA5] 94

g8 T4 WY Yy, g5 2o Ag vhe] g 2F(AD
E AdTFEAE X3 A7) dERL(FAE FRXEA] Ee dF)E vlol#{ & passthrow
( 3l

o
FA (A arebell dgtAl e vhs, ALk dEdel e A9 wlolH AT ek npojg s
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SAA(PBS)E BAZIE o §3te] FYel BHAL 1087 FEF FHe] o] FoHEE 39
OB A AL 94 YEEE WA U2 st AL ¥R s, BE e 247 3

8% Fasrgc

Hlolej 2 BAF Aol Fa & AaA HEE Beef extract(pH9.5) 500mloll T 13l stirrer
£ o]&3&to] 10%3F W85 sfo] HiolH vt EEH =S st IHE AAS 4T =4 £
ol 4 3087t wret el wklS 4T, 3500rpm, 15%3F AR T FF A w]FA nHlol
H HE APl AREsn M ESHS 29 20S AASH] H& 0.22umel ¥ A

Eites

(th A&7 HF
ANaE JET ol Alsduit S4 - A dEzeS 34 2AAEE Y. MDCK A=
T25 flaskel 90% AHF&L HY w == AZ 0.75mlE HEeGT 247F EQF vlolgl A&

2 A7 5ol 75% fetal calf serum(FCS)7F $Hr¥ DMEM #iA] H7F 5 F 743F wpold
%

J,J

il

2 9] M EZH A & H(cytopathic effect, CPE)E dn|7d o=z Azttt #&A] 75% o] MxEW
e Hole AS Yoz AAS NG & 28 8 2y A (FEAE 2AS A7) o
ZT(FAE GAHA] &2 AHAF) e FoAd AoldE A + gllen, A @A W
H o9 wlo] g~ BAAIS] =] st HubAl AHEV Hask oz AlRHY, AA g
ot 27 AA FHoA F3 Fo rh EI B Ap&Eg HAS 93 Ao gH mlolyAE
283 A F e A2 YHS 2SS

o GATA - Gkl B}

(1) AT - Gutolef g B Py 2L A

hH A&
Fd7)1 oA A-&3 N-Halamine A X E SHTF=2 FA & AA A x5t AFE3SA T

o4 dxEFoRE Jtm 9 gew Asd G TR/ ESa ol s RALE A

ol
-

n

dAE Afae dATA T AFS 98 Kirby-Bauer methodS 7|20 & Ale] A A
At B TFEC O3 54T Y U T Escherichia colil ATCC 25922)¢F 13 443
ol Staphylococcus aureus subsp.aureus(tATCC25923)E Ab-&3tth. NCCLS t] == 34k
How sto] & ATE FIAT. 27 A4 I a2 A el >100mme] 3 €]

to

N
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zoongs FAdste] s A I+t BIE HATH[I3]

(2) Hydroxyapatitie/7] EAF A 2 ¥ 2] N-halamine 3 &n}o]g X~

3 7]

o|\
>,
uec)

fol

7hH AdAs
@O A3 wpole]2 I HIN2E 1= F <l Apufo] ] 2~
(AIV, stock virus: 10" EIDsy/ml)
- 1097 SPFgol] wlo]g{2=E 200ul® HEste 37C F@7]oAl 243 v
2] & chilling o] HlolH NS AT R I nlolg]AdS SPFE ol
AR g A g npole] 2~ 9g 0.1ml HESte] EIDS0E AbA st 88 vol g
2 -80%o Watel

o|\

==

@ 2% wlo]#]~ II : Canine distemper virus
(CDV, stock virus: 10°* TCIDsy/ml)
- CDV+= family Paramyxoviridae®ll <3}™, AleFe] Measles ®lo]e] =9} 78
o 516]_]:].. African green monkey kidney cell(Vero cell)ol]l sfo]&l2~ o} 0.5ml<S-
HEZ & 597F 37C, 5% CO, vi%E7]o| A v ¥al A vt Freezing & thawing 3}
, 4C, 3,000 rpm, 15min ¥4 Feds T & ovlojy &

7 7
T D S

1
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(W) B84 AAF A4 (Deactivation Examination)

Hydroxyapatitie/7| E4F A4 H 23 N-halamine 41{r¢] &hlo]

il

gx=A aas 487 flskd
tissue culture infective doseso(TCIDso) ¥} egg infective dosesy (EIDs) WH o & A3t
@ HIN2E <l EFFdAuto] @~ (ALV, stock virus: 10 EIDs/ml)

- QEFQA wlol# A EIDS09] We® AAsdr. By oy 2o AE AH
(sample fibrous materials), 24 WZ(blank sample)z} %A tZET 50ml tubeol
10mg/ml2 SA3te] ¥ AIV 45mle] wlolgd] 2~ S =3 & 25C & &3 w7
o A 22A1F Fot wigstdh widE AR T SmlE AMEE tube® &X F 3,000 rpm
023 AAs AT BTds T ¥ AFAS 100 Mo FHl®E SPE F el

0.1ml¥ HEg & 37C Fa7|olA wjdstadch 2¢7F ## $F chillingste] 89S

T3t A4 weS AAEE T 4§ RS (HA, Hemagglutination assay)< T

o
=)
e
o
"EJ
oS
o2
=
X
—
N
&
3
tot
X
)
o]
=
2
L)
>
il
©
(o))

well micro platee] 50 pl % ¥F3}
i, 1% FAETE F w7t RTOA 4087 WAgs AxE d53ste] HAU
(Hemagglutination Unit) 97}& #2133 th[11]

@ Canine distemper virus (CDV, stock virus: 10>* TCIDsy/ml)

- AZ M f(sample fibrous materials), 24 W&+ (blank sample)¥® $A tHET  50ml
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tubeoll 10mg/mlE Z=A3ste] ¥ CDV 45mle] Hlolg]~ ASE &3+3t & 25C X&
& w7l A 22417 E3F

3,000 rpm 30&7F AAsAT FFAE Tt F FFAS 107 st FHlE 96
well African green monkey kidney cell(Vero cell)el 100ul® HZstgch. 1417 T 7
A ¥ 2% FBS7F #7bel DMEM A& w#shgivh. 797k cytopathic effect(CPE)&
A [9]

=
0,
ol
32
=
=
(&
i,
>
il
ol
Ul
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i
=
u
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a
o
@
u
go
m
o el

(th) A& 4
CDV Hlolg] A& AEy HHS
Ak
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ek
-
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Zate] TCID50S S48t en, ATV
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%xé Ok X]

1% 3-46. CDV CPE &%

- p irus infectivity of blank iral infectivity of
Rate of virus deactivation(%) = 100> (10"rus mnfectivity of blank)_j plviral infectivity o
sample)/(lo(viral infectivity of blank))

Eg4" wloly s gy e S vjEow o AT AdAx
Hydroxyapatitie/7] EAF A H-2 £ ¢ N-halamine A7} & 9 wlo]zl~(AIV, CDV)
of gisAl 100%2 5&4S YetdtE S & 5 AU

F 3-15. "pol#l & Fol wE Aol mpolY s =gt gt

Fiber concentration (mg/mL) Deactivation rate (%)
AIV 10 >99.99
CDV 10 >99.99

Q) H&dA FA4 7= N
(7h @ mpo] A 2o} 7l o] (microarray) 7]1% : CM(carboxyl methyl)-dextran
A= St e AAe] SAAA el o Ylse WEbE Aot el H
As A Aol 27 AdEE FAs &S G dn adEre di #9
Aol duids dHdS FAF A2 g&Hor uAd= Ve GAIECdA Ao
5

THI e ok whud vlo]azolYo]
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A FZ FAZF DG )7 wid

GRS

A8

2 2} 2} (self-assembled monolayer, SAM)S &85}

() A7

ol 7|2 F A% cystamine &4 (100mM)ol 7} SAM

=
=

2 A

dextran

Lo~
N .
o H o3
= T
u/ (s} Q/\r/r\.ozfr\\//“)s
o -
L
(s} o
Q 7F|Jm. o
~ O o
o O;r\}/r)\.zs
o e

%Y 3-47. carboxyl7]| & FZ2 % dextran

4l monolayer A% wH

il

jont

amine”’] 2 £724% alkanethiol2 A%

imine

T
T

F+E amine

KeR
T

e A

2]

g

~

A1 Z

[€]

A1A monolayerZ

Z}e] monolayer A%

=]
RS

A

>

el

2]

Fo] cystamine SAMS A A 71 Al

- R AE

FSA T [10]
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h e ggol e AF FAo watd % 39 A

ot
olr
ot
N
)

& 4d v 7 (fluorescence microscopy)E ©]-&35Fo] A9 &=
E A 23 Ao s ddstdnt oju] AMEH = FFEA
Melq o F4stal 506nm A9 9EE WAEE 548 AYx

isothiocyanate) & F A ¥ 2z} &A= o] &3 th.[8]

Al

=)
xe

pH 5o zxdel u}
A =488nme] IS
+ FITC(fluorescein

e

32

percentage in FA (%)

naive filter1 filter2 filter3 filter4

() SRA P e AF FA Gy % I AFs Bt A
fier 4 4Fo] 714 A FA £AF vehie] B ARE 3T 48 & A9sa
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3. 8 A&AY ZFAEFAA vl = AFaE £4

hoBE AaAG ZRAFFAA vholE s ABa e B D Py

(1) BE AxA] ZFRAZLAA vhole s BHAE H7}

(7h JAEFAA vpolH = FAAAT 4 =4

MutE Enfole 2~ Al Fgulolef s a9E 48] 95le] tissue culture infective
doseso(TCIDs0) %+ egg infective dosesy (EIDs) WOz AZFSATH[7] MZ Al f(sample
fibrous materials), &7 ™ Z(blank sample)¥ ¥4 thx&+ 50ml tubeo] 10mg/ml= =4
sto] il AEFA} npolel A= EIDS0S] W o= Abgsigih Wi tad 2o AE A
f-(sample fibrous materials), =4 WZEZv(blank sample)¥ A thET 50ml  tubedl
10mg/mlE =A3to] Y AIV 45mle] wlolel~ HS 53 & 25T
2N 7F ot WSkt Wi dE AR T SmlE MES tube® %71 F 3,000 rpm 30%7F 9
Astath AFds T3 F ASHE 103 34t F8]¥ SPF F@hel 0.1ml¥ HE S

3

37C F-A7el A wigetAth 293 #F % chillingstel @9 N S FEste] 48 WS

g =g Tl

2

o

S AN AT d S Huke (HA, Hemagglutination assay)< thS-3 2t} PBSolA 1/2 &
A 3AE vlolH A2 96 well micro plateo] 50 pl & EF38taL, 1% SHITE S EF3
o}, RTolA 4087+ W33 ZA3E #5359l HAU (Hemagglutination Unit) 9 7F& &kl s}

(b A 8 vpolel s BES &% B
wpole 2 F Aol FelE J|EA/HAp BFAF Fuolel s 4L 2E #/77 B

H
A Byl A2 AHE FHLA  vhole

~ o =] & 3 Al
dold | AEEa | Axue dpelel s w s A5
9] 100%
Nhalamine | 1:10 100% .
IFV 1:20 100% 120
1:50 0%
Ar 27 120 v} 34 el 10006 ulolels g =)
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@ N-halamine 25 =% 7|EAHHAp &30 59 vlolg]~ BEEA3} 8%
— FA] wlol#
T R 55 TA FEF H| 31
Ol & Fqlx A/NWS/33
Fd% Influenza virus (Flu) 10%° EIDso/ml
Hjo] & ~ (HIND)
- Ag W
FAE HAFE 1 em x 05 cm (VPR x A2)2 Jid 7FYE o] &3ste] &A et Foh
A 450mgd vholel 2~ 45ml (10mg/ml)E FH7}ste] 25T, 225 rpm, 20hr shaking 3},
Hlolg] 2o 7F2tE AH tubeZE 3,000 rpm, 15min, 4C YA ELE T A=d 1mlS FH 5t
EID titeratione 2 A] 3t} [15]
- Ay Ay
Flu ¥4 / 4838 J3 log10
;qa]? 2 3 4 5 6 7
10 © 10 10 10 10 10 (EIDso/ml)
At E & dH 5/5 5/5 5/5 5/5 0/5 0/5 6.5
N-halamine(0.4%) 5/5 5/5 5/5 5/5 0/5 0/5 6.5
N-halamine(0.8%) 5/5 5/5 5/5 5/5 0/5 0/5 6.5
N-halamine(1.2%) 5/5 5/5 5/5 3/5 0/5 0/5 6.1
N-halamine(1.6%) 5/5 5/5 4/5 1/5 0/5 0/5 45
N-halamine(2.0%) 0/5 0/5 0/5 0/5 0/5 0/5 0
AAL 274 N-halamine 1.29601 45 3hilo]e] 5418 Kol 20060014 10026] Flolels EAS Bl
@ g 2HAEY) 2 AFAaAe vteold s 243 &5
) YA Aol Futolg A o B A (EA)
ol | AEzd | Aaue wole] 2 458 g2
A 100%
Collaidal 1:50 100% .
IEV nano-silver 1:100 0% 1:50
1:200 09
AAF 27 1: 50 i 34 oA 10006 dhlole]s &3 B
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log10
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L 2FAEFAA nhojg& T3 S A2 7« Ad

=0

7F Alg

1. A=

}A| hybridoma 2%: 3B19, 10E21

2+ wpole] 2~ T3} Aptamer

} o] = = A o} 3} E} o] E (Hydroxyapatite: HAp)

EAI A A 3§

)
=

|

Ly

2} vlol & ~(HIN1) 5

ol

s

=K

wr
o

X

B

(2).

(b B ALA FAE vhol# 2

ol
Hr
NJo

A hybridoma®l 4] scFv (single chain fragment variable) 7%}

5}

- uEE

primer 2 7|

gk

_0'4
4 hybridoma°l] A scFv VH

A hybridoma®ll 4] scFv

5}

- wzE

gl VL

-
No

X7

B

A71A

VL fHdzte] 24 ¥

=i}
S

sckFv VH
- VH 2 VL $4%4

p—

0
o

1=
24

A

A 71 A

=i
=

o83 scFv 44 24

=
=

(W) =70 ZdA} vpolH 2~ F 3} aptamere] &k

- ZFQZUA}F vlolH 2 F 3} aptamerel] W
- ZFAEZA A vlol# 2~ 53} aptamerd]

A scFv ©

Baculovirus =& A]2~®lof| 4 o] ub

T
=

7h) ot

3} Aptamer?]

=T

12 ko] ]
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=

Baculovirus @& A] gl of A 2]

)
=)
=
~O Nq
= ho

_85_



(1) 98 G4 £FAFTAA vho]el o] tid G2 E FA scFy DA 24

A My} vl Fab (fragment antibody) A% S 248 primer A2t 2 o] & A&

(
ste] PED F3t3tAl& Aitete wfAEF=5EH mRNA % % Vy (variable heavy)
olES AR AZ3e scFv (single chain
o

2 Vp (variable light) 32 FZ 3 o]5$§

fragment variable) 2} 2t staral 19 3-49¥ o] A

et ] @*’- -4 4
i SR - ST [
o A IIS@«C;\. Iy bridema
TmlRNAmﬁnml
L™ asaa UghtehainmRHA LINKYH
UNAS I A~ MARA Hea v ol in mRHA 2
i LINKWL
cDMA syihesie 1
Sinde syrthetic
b i Olige Linker
E}Uu Gyl 5EC,T Voo B
ICR
C:I\I'I’UHJI' WLIFOr 1-4
R b s
e I Al Lin kar
:M vz
Linker FCR
5 E 3
| e— L, s—
P =
/= .

£ Sy =1
E— "

at

VL2 NOTI14
Aot

PCR & cloning

T 349, FAS schv fAA FRYL 98 A B

(W) @FE A hybridomadl A scFv 34 53&& 9138 primer A4 2 34

Total RNAZ®E 2C10 VH 2 VL #47t¢e] Z% F2g e Klebber 5(1997)0] 1313k

U Burmester®} Pluckthun (2001, Kontermann® Dubel [eds], “antibody

=
T PN

Fin



Engineering[Springer])¢] 278-& Fxste] wh¢-29 VH 3 VL fH845 SFs7] 93 =
gholm & 19 3-509F #o] AASIAh VH Al Eetolw= VH Fdxke] dA4 &
el “VHIBACK” =Zefojm & AAsIlon g7 42 5 23HH R 4 s 93 xil;
T4 RolERQl SlS 5 ool AFAIZAL AAIZES 4
Astdrtk. VH <QtejAl~ Zgteo]lw= ¢DNA 4 9 VH §dx dA4 FFHS 93
"VH2FOR" ZgjelW & AAletar 7} Ztolw &L Zeadits 284 (Bioneer, Korea)
sko] ARG sESl

VL A& zeholm= VL FdAte] da4 S355 fla8 “VLIBACK” =ZeholmE A8t
Rew VL AL Zgholv= cDNA §4 3 VH #3d# dx4 S+ 98 VL +4
A3 ko] vpgFAdel wiiEel] 4Fe] Zetolw F "VL2FOR1”, "VL2FOR2”, "VL2FOR3”
% "VL2FOR4” & At g7 94 & SR A4S 913 Adas HolEQ]
Notl& Zt7te] VL e Als zefolm o] 5 dehe] AXFAI7]AL stop AZ=s AU
"VL2NOT1”, "VL2NOT?2", "VL2NOT3" ¥ "VL2NOT4" Zeloln & AAsA 1 &2 34t

S FE A (Bioneer, Korea)dlo] A3}

o=
s
>,
oy
<
T
—t
w

th
=
[
i)
o,
o,
il
it

N

e  VH1sfil
5-GCAACTGCGGCCCAGCCGGCCATGGCCCAGGTSMARCTGCAG SAGTCWGG -3
e VH1BACK

‘5-AGGTSMARCTGCAGSAGTCWGG-3 1

Mouse VH cloning primer

e VH2FOR
B-TCGAGGAGACGGTGACCGTGGTCCCTTGGLCCC-3 J

e LINKVH
5-GGGACCACGGTCACCGTCTCCTCA-3' Linker cloning primer

® Linker

5-GACCACGGTCACCGTCTCCTCA-
GGETGGAGGCGGTICAGGCGGAGGTGGECTCTGOCGETGGCGGATCE - — | (Gly, Ser),
GACATTGAGCTCACCCAGTCTC-3

e LINKVL
5-TGGAGACTGGGTGAGCTCAATGTC-3’ Linker cloning primer

e V0L1BACK '5- GACATTGAGCTCACCCAGTCTCCA -3’

e VI2FOR4 ‘5- CCGTTTCAGCTCCAGCTTGGTCCC -3 ] .

e VI2FOR3 ‘6- CCGTTTTATTTCCAACTTTGTCCC -3’ Mouse VL cloning primer
s VI2FOR2 ‘5- CCGTTTTATTTCCAGCTTGGTCCC -3’

e VI2FOR1 ‘5- CCGTTTGATTTCCAGCTTGGTGCC -3’

e VI2NOT4 ‘5- GAGTCATTCTGCGGCCGCCCGTTTCAGCTCCAGCTTGGTCCC -3’

e  VL2NOT3 ‘5- GAGTCATTCTGCGGCCGCCCGTTTTATTTCCAACTTTGTCCC -3

e VIZ2NOT2 ‘5- GAGTCATTCTGCGGCCGCCCGTTTTATTTCCAGCTTGGTCCC -3

e  VI2NOT1 ‘5- GAGTCATTCTGCGGCCGCCCGTTTGATTTCCAGCTTGGTGCC -3

a9 3-50. A9 scFv 314 F24dS 9% primer
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(th) =7 ZFdA vlo]g 2o gk @& 2 &4 hybridomaol A scFv #F4A# S

ol ZFdlx}ntol & 2o HFg3l= w92 ©@EFE3A hybridoma 23 (3B19, 10E21) 0. 2 5-¥]
scFv f4x2 F24387] Y8 WA 218 13 #o] RT-PCR "H& o] &3ste] VH ¥

o
Zgolu "VHZFOR'E AH4-3t9da, V
3k total RNA 2pg¥ VL SteJAl2 xZelo]lw "VL2FOR1”, "VL2FOR2”, "VL2FOR3" %
"VL2FOR4" 4%<& 7+7} (. %7} 2 pmole #7tste] SuperScript™ I 9
AALE 2 (Invitrogen) S Ab A FALe] H el wEl 42T A 5087 9$-3te] VH
9 VL F42H9] first-strand cDNAE 7}z 24 819t

VH 3z T%FS fsiAdes Zdd VH 23122l ¢cDNA 540, 10 pmole / 0]
“VHIBACK” % "VH2FOR" Zztolw 2z} 1ulE AHE3A L, VL §32 %S faiAe
2+ ¥ VH 442 cDNA 5¢f, 10 pmole / w2 “VLIBACK” 1x¢ % 2z} 10 pmole /
©0] "VH2FOR1”, "VH2FOR2",”VH2FOR3" % "VH2FOR4" Zzte|m& oz &
1 E AFE38le] Expand Long Template PCR system (Roche, Germany) o = | ZA}2]
e met PCRS AAISHA Y. PCR HHgx272 94T 2% ¥H8 F 94T 10%, 54T 30
%, 68T 43 x4 10 cycle AAl $ 94T 156%, 54T 30%, 68T 4SS AlFo=2 wf
cyclemtth 2025 Z7HA7]1= ZAAA 20 cycleE 2AAT F 68ToA 8% A#
(elongation) ¥F&S AAEdtt 19 3-518 ZZ9 3B19, 10E219] scFvel VH ¥ VL

FA2e] 4719% Apglelh

oo O
ot
O
2

M 1 2 3 4 M

19 3-51. 3B19, 10E219] scFvel VH % VL F#xe] RT-PCR 23}
M: 1kb DNA size marker
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lane 1: 3B199] VL 3=}

lane 2: 3B19¢] VH %=}
lane 3: 10E219] VL 2 *k
lane 4: 10E212] VH 3=}

)

ol\

Zy §x1ze g@ele 98 3B19, 10E21¢ scFve] VH 2 VL #HAZ
pGemT-easy #Ho| F=Ystil ¢ 1 MEs B89y 19 3-52, 1Y 3-53 ¥
3-54v= A7IME #A4g 3B199 VH ik, 3B199] VL 2k 2 10E21¢] VH 32t
7€l #A4% (PEDVel  digk @F23A 2C10 scFvel VHeF VL) #xx¢}

multi-alignment$t A} o]t}

4
[

o g AN

2Cl0scFv 30 gytcoaactgcagoagtc tygagctyagotyytasgyoctygya
071029-R2_BO 457 ttgggagototoccatatggtogacctygcagyoyyococyoyaattocactagtyat tagytoaaac tycagyayte togygctyagotgyayaagec toygy
071029-R2_D0 457 trgggagototococatatggtogacctycagyogyccycyaaticactagtyat taggtyaaac tycagragtcagyogotqagstygagaagcotyagy

2Cl0zcPFw T4 cttcagtgaaggngtc_:ctgca’aggcttqtggapacgc:cttcacaaa;t,acttgatagagtggataaagcagaggcqi:g_gacaggtccttg’agng_ga_t,tgg
071029-R2_BO 357 potcagtgsagatgtentgcaagyoctotygctacatatttaccacttacaatatyractygytaaaacagacacctyyacagyycctugaatygattyy
07102%-R2_D0O 357 cotoagtgaagatytcoctycaayycctotygctacatatitaccacttacaatatyractydutasaacagacaccbgyacaggucctyyaatyrabtog

ZCl0zcFw 174 agtgattasdtoctyddyagtgytgyractaactacastgagasattcasyyyoaayyCaacac Cyac tytagacaaateCTCragoactycCciacatycay
071029-R2_BO 257 aguytatttatecaggasatygtyatacttoctacaatoagasyttcasagacaayyoccacattgactycagacatatectocagcacagoctatatycay
071029-R2_D0 257 agytatttatecagdasataytyatacttoctacaatcagasyticasagacaaggocacattgactycagacatatecctocagcacagectatatycay
ZClozcFwr 274 CLCAgCANCCTHACATO LY THAn Lo LYy LAt Ly LAy ey T Tar tac-J Tyt tatgitatyyac tacLygyyc caagyyace
071029-R2 BO 157 ct.c_agcagcctgacat.c:ga_ggactctgcgatctac;actg_tg_caa————ggggt.acgactgctgcctggtttqct —————— tac:t.g'_ggqc_caaggg_ac_c
071029-R2_DO 157 ctocagoagooctgacacctdagyactotgoyatoctactactytyoas————gyyotacyac tyctyc oyt toget————— tactgggycoaayygace
ZCl0scFw 373 acggtcaccgboctootc

0710Z9-R2 EO 67 afggbcaccytotoctoaaatoyaatiococyogygocyecagyocyycodyadc tygatogocogtinnmn

071029-R2_D0 67 acgytcaccygtotoctoaaatogaattooccgoyyocycoayycyycogyaye tygatoycagonnnn

% 352, 3B19 scFve] VH SA8e] 714 d B Ax

2C10VL 1 -gacattgagctoaccocagtotocagcotooctatotgoatctytyygagaaactytcaccatcacattogagcaagtyagaatatttacagttattta
071025-R2_M2 265 -gacattgagctocacccagtoctcca
071025-RZ_02 265 t.gacat,t,gagct.cacccadtctcc'u
071025-16_A0 265 --acattgagctoacccagtctoca

2C10¥VL 100 goatggtatcagoagaaacagygagaatctoctoagetoctygiotataatggaaaagcotticcyyaagytytycytoaagytioac togoagtggat
0710Z5-RZ_MZ 241 goicctgatctacaaagtttcogaccgatittotggggtcocagacaggticagtogoagtygat
071025-RZ_0Z 240 ugétcctgatl:tacaaagtttscaaccgattttstggggtl:|:|:agacaggttcagtgg:agtggat
071025-16_40 24z g_ct.l:l:‘tgatl:tacaaagtttscaaccgattttstggggtl:l:i:agal:_aggt.tcag.tgg_cagtggat
2C10¥VL 200 paggcacacagbtttototgaagatoaacagoe tyoagoctyaagattitgggagttattactyicaaeatcattatygtagicoge toacgbteggtge
0T10Z5-RZ_MZ 174 cagggacagattacacactcaagatcagcagagbgyaggetgagyatcboygagtEtattactgctttedaggitcacatyttocgtacacgbtoggagy
071025-RZ 0z 173 cagggacagattacacactcaagateagcagagigyagyetyaggatecigyyagqritattactgotttoaaggitcacatgticoytacacyttcyyag—
071025-16_40 175 cagggacagattacacactoaagatcagragagiggagyotgaggateiggyagtitattactycritoaaggitcacatyricogracacgroggagy
2C10VL 300 tHYgACCAAYCTUTAnATAAaACyy-— goggocygrayastyactoyayogy-—

071025-RZ Mz 74 gUgYACCAayCTYYARAtaaaacdYaatCc aat toCCHCHUC oy cadyC o gadt Cyyatogoadunn—

071025-RZ 02 74 gggyaccasgrigyasaraaaacyyaatcyaattoCogogycoge cayye yooc gyays tygatogoc gunnnn—

0710259-16 40 75 ggg:gaccaagctggaaa:aé&acg@gaatcgaat,t,cccgcgﬁccgccaggcggpcggagctggttggccgg‘nnnnn

1% 3-53. 3B19 scFve] VL #2#9] 71448 4 23
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2C10scFy R T e E yoaactyogyoc - -cagoogyos - ————— atggooc--————— aqgtccaactgcaqcﬁgtctgqagctqaqctgq;aaqgcntggq

071025-R2_LO 1 nnnnnCccyycgaactageEooggecyCotyyegyec-—— - -~ gcgggaattcgattaggtgaaactgcagcagtcagggcctgagctggtgaggcctggg
071025-R2_W0 1 nnnnccggcgaa—cnaggt:cggccgcctﬁgggggcgcgggaatcgatt ——————— Eo1E 5 ot s ok s (o4 -1 (o Fo{u g ekt (3 (n(adob s (=1s {od i gulu =t (s afshule [nfs
2C105cFy 73 acttcﬁgtqaaggﬁgscotgcﬁﬁggcttctggacacgccttcacaaattacttgatagagtggataaagcEgaggcatggacaggtccttgagtggattq
071025-R2_LO a5 gtctcagtgaggattﬁcctgcaagggttccagctacacattcactgattatgctgttcactgggtgaagaagagtcatgcaaagagtctggagtggﬁttg
071025-R2_HN0 92 gtoheagtgaggatticotgoaaggubiccagobacacatbcac byatbatyc tyttoac tygotgaayaagagteatycaaaqaq e bogagtygatty
2C10scFyw 173 gagﬁga;taatcctgggagtggtgg;actaactacaatgagaaattcaggggcaaggcaapactgactgcagaegaatcctcgagcagtgcctaaatgca
071028-RZ_LO 185 gACTTAT At CrTaC Ay Taa T aC L C A CCANaa Yt T ggUCaaggrCacaatyac LYTagaAradytCorcCagracayCoTatatyya

071025-RZ_NO 192 gacttattagtecttactatggtaatgtitacttoaaccagaagtt taaggucaaggcoacaatgac tytagacaagtcotocagoacagoctatatyoa

2C1l0scFy 273 gctcagcaqcctgacatctgatgactctgcggtctatttctgtgcaagaaggggttactacgtggggggt ——————— tﬁchcatqgaccactggggcca
071025-R2_L0O 295 acttgccaqcttgacatctgaggattctgc:gtctatLECEgtgcaagﬁtgctcngac aggncggactggaattactacgctttqgactactggggcca
071025-F2_N0O 292 acttgccagottgacatctgaggatictgccgbctattactytygcaayatyctotgac-aggtcggactggaattactatgotttyyac tactyggycca

ZClO0scFw 366 agggaccacggtcaccgictoote
071025-R2_LO 394 aggga:;aqggpcac;gpdﬁcptcaaatcactagtgaattcgcggccgsctgcaggtcgaccatatgggagagstcccaacgcgttggatgcatagcttg
071025-R2_N0O 391 agggaccacygtoaccgtobootoaaatcactagtyaattcycgycoycctycaggtoyaccatatyggagayctoccaacgoytiygatycatagctiy

19 3-54. 10E21 scFve] VH §A7e] d71M9d B4 A3

(2h ZFAFFAA vholel 2ol B scFv a4 A4 2 W

pGemT-easy WMHo| F2Yst2 F7IHES 4 &21% 3B19, 10E21¢] scFvel VH %
VL #3AA= 29 3-559F o] LINKVH % LINKVL¥ 34 ¥ single synthetic oligo
linkere} PCR3}e] ZHA & linkerel ¢4 Linker PCRES A A6t scFv #AAE ZHzs %)
st A o
() ®)

4700 bp

< 100 bp

19 3-55. 3B19 &Alel VH B VL x4kt
AR AE "HA FHAAE PCR 5% 2 g3 A S = lane 1 @ 1kb size marker,
lane 2 : PCR T%3 Y7 #3x. B VH, VL 2 7 FHAAE o] &3t scFv

AAE PCR 5% % 313 A}zl el™ lane 1 : 1kb size marker, lane 2 : PCR %3t

scFv 4=}

PCR F#%3tal d7]d&3t

Z<% 3B19 A pGemTeasy(Promega) Z&t~v|=o] TA F243}
o] pG3B19scFv Zet~n=E AAsta A7 E B48te] &l VH 2 VLA
2ol Zyd P32 H-9(framwork regions; “FRs”)¢} AH A ZAAE-9](complementarity

wn
o)
T
<
Ho
=
by
rr
o
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determining regions; CDRs), 28|31 F FAXE A4dste= A 59 F7IMES &

=

e

& At 3B19 scFv &3 ot Wy 2 9 2L "pG3B19scFvE el 24
A7IME A gdE 2C10 scFv FAAE izt 2d WE <l "pRSET” (Invtrogen)ll
AAlA "pRSET3B19scFv’ Z#An=E ZAstgon Zetav =9 §44 X ees 1
3-56°1 HERH A

o > We

-+
B b M B =135 H+

-----

Lisker

Sy

pRSET3B19scFv

5N bp=s -

ERT1]
Bm 1l
Bpm |

a9 3-56. F2Y3 3B19 scFv RS tiaatol A ddstr] 93t
pRSET3B19scFv Z&t~n =9 7JdA =

%1-

(vp) ZFQANZF AR} vpolg 2o ot scFv &d 23

ofN

l-lO

P
—u
Q,
N

ZFAEFAA vlo]y 2o st GFE A hybridoma <1 3B19, 10E21¢ i3l scFv -
Axke A W Ao A 10E219 A9 F24Y® VL 229 44 Zedd 93 19
(framwork regions; “FRs”)¢} R4 ZAAH9](complementarity determining regions; CDRs)
7} dZHR] ol scFv ARS8 aed 3B199] A9 AA®E 1Y 89
pRSET3B19scFv Z&#2n =% E.coli BL21(DE3)pLysS 5o &2 A 3k (tranformation) 3} <]
wdstar GAstel SDS-PAGESATE 4 A3 1% 3-573 o] oF 35 kbell a|@dst= A
AE 3B19 scFv @ d wi=5 3elst 4= At
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98 —
64 —
50 —
36 —

<

22 —

16 —

1 2
kDa
148 — .

—

=y

iy

—

-

6.0 —

g% 357, thigwtelAl #dd 3B19 scFv @lAS GAg & SDS-PAGESH ARl =

lane 12 92 (pre-stained) ¥l & Alo]= ulA | lane 2= A A% 3B19 scFv

(2). A48 =FJZUA} vlolg] 2~ F3} aptamer 243

(7h "HAE 2FAEAA vholH 2 3} aptamere] thEF R 7 B 9

il

o

Aptamerz} &2 in vitro oA AdE EASE Exlo] Ajtst= DNA = RNA 233
FTEUQE=E Wil o5 Awel:= A4S SELEX(selective evolution of ligands by

exponential enrichment)z} -2t}

=139 A

-25 A

@

Thrambin
aptamer

¥ 12~

kg antibody

19 3-58. A(FH= 1)t v L3 aptamer($-3 1¥)e] AV BAE
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Aptamer= 19 3-58¥ o] o 2082EEF AR e EAR dUINLEERE
5-AATTAACCCTCACTAAAGGG- (N)30 ~ (N)100- TATGGTCGAATAAGTTAA-3'¢] &
e Zta vk olek #Zol g kel SAI AVIMES 7AW FAFl °F 307100 bpe
random sequencesS zti= Aptamer libraryolA EA3 wal o] HWH3-3E=  aptamers
screeningst”] f1dlA = A 54 @A S Fo|Eojofgit), ojuf ANy = Twl e A
gld e g ddo]l B ARR A ¥ 3-59¢F 2 wHEA <l SELEX #48S 7

|

A Gl Ay A3l aptamers TE S HAS Foto] AWy A Huh

Library [DNA or RHA)

Fixest Fandomn Fasd

[Pyl of wnbound
St S

te
GO

Inilitdual nplsmsen

#0
Rpcowmry of bound 3
SR ENGES

19 3-59. SELEX Ad#d =%

71€o] Byl QlZF A} npole] o] thdt aptamerZ i Jeon 5(2004)0] 1= F o} v}o]
2 ~9] d7-8H A (hemagglutinin) @] &4 23 H91E 2wéel= DNA aptamer, Misono 5
(2005)°] At cl=Folxjntoleg]~9 A4S HAo i RNA aptamer L@ i Gopinath 5

(2006)°] Hidk AFSHA #AA Mxure] §3S A= RNA aptamer 5o tist R E
FHATH

2 Aol &87ls3 aptamerd A-F
aptamers A 3 5(2004)°] H 313 ‘?_8’“ o] 7+4
A22E5 A3 F I A22% 68 nucleotides (5 OD, HPLC)Z 4 oligonucleotide= 4] '5-
AATTA ACCCT CACTA AAGGG CTGAG TCTCA AAACC GCAAT ACACT GGTTG

il
%,
o,
ol
L
2
—
o)
o
=)

by
< AoR gl¥ aptamer
Jw
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TATGG TCGAA TAAGT TAA -3'¢] 9714 E= FA4%HH a2l 43T aptamere] ¥

d gs A el 5 Eekel Bioting A4S TE[18]

r
oo

(W) A2E Fx8 JAZ AR vpol# 2~ aptamer?] w4
st aptamer A229 A7IAES mfold server(Michael Zuker & Nick Markham,
Rensselaer  Polytechnic  Institute,  http://frontend.bioinfo.rpi.edu/applications/mfold/)©l 4|
DNAdraw 22138 Z folding HElE 2413 A7} Jeon 5(2004)°] H e} 5L 23 F+X2&
AG® = -5.08 keal/mol at 37° CollAl 2% 3-603} 7o) =3 5 Arh.

&= e
/ G
C/A \T--"Tr
40 /_.\/
]
a0 .-‘:\/;\T
A — A
" : k.
T ¢ T
ofl b4
i %
/ 1
d h &0
A !
& A
'-T #~
\ G
Fa
5\@ T
&G A”Tr
e :
ﬁ\fA__A\T/C A-T T-A 'a?,l 3
]
i 5
T 10
-

19 3-60. Aptamer A229] 7} 2xF xR oS
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=

K3
=

=

=

=<

7 AI{l H5N3

)

e

o o wrole]

o] 749 #H7 biosafety

Hsto]

o

v

Z 2ol zpufo] 2] 2 (HIV)
4

7H: IgY, scFv @l a 2 gptamer]
[e]

|

-

st eh.

0]
A -
[

2

[}

=
AE 279
=

H3}a

1
Fol A
I 1ml FAH]E 0.1ml A HZ=3)

g

Fal el

3
g
A5

0

1

& FHrvle A

+ H5N3

3} A

k<)

=R

A}

[e)

i

[e)
540l

Q7 vpol#] 2 A o]
Aol 102 A 3

o 295

Eal

o] e}

1

2S

Bl =7 A&

ol vlo] e 2]
WA (highly pathogenic) ZF91& AAnlo] 2 2~(H5N13) o]t} H5N1

level (BL) 3 ©]4¢] 2| g Ao o] s #]of

A

i
=

S
(low pathogenic) Al

s

3}

7}

do

o
B

=y

al

TYE wrE

Q

}o]

I3

qE

g ol A

A

h
=
T

oA

0]
yul

3Far 0.1ml

S

~

olg] 2~ (AIV, stock virus:
2

R
of| 5] 273A17F &<t chilling

KN
=

ol

At

5t

°©

el Hhole -
bol Abg:

°©

# SPF ¥

3

Ft 37Ce] F-3h7]e 4 3-5¢
10¢

Fol -140%0f =3

o

=

o

= =]
T3

3Fe], 25000 rpmell A 10

S

1

3l
=,

2 94

71
o X
= T

10 m1¥

wpole s FHlel AH

2™ HAU)?| stock

o
ol ol
-
=
=

vzl

L

o)
o
o

xr
R
N

ol
;Ong
N
_EH

o

5

1

A

-
X

Ef ol

s
=

ARl Ate

}o real-time PCRH S 2 #H}o]g] A~ z}2]

°©

]

&

hyA
-

=
=

Ea

sho] gkl whol o

ZpA] A

A5
o

R

=

=

7]
b o,

]

1=}

pZs

a9 3-62
(Sartorius MDS8 airsacn Air Sampler)®]]

hvA
-

|

o
1l

To
T
ot

™

vzl

T
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se] ZAa7198] ool 2e AR ¥

i)
1o
=
I
&
H
fols

(7}) wlele] 2 HAHN3E ZFelZFalzbuto] ] 2~ (AIV, stock virus: 2° HAU)
- 109 SPF Z&d ublolg] 2 dAS A 3Asta 0.1ml® HEste] 37C F&7)d
A 397 Wk F24 5 WA 273A17F E9¢F chillingdt AETH oA QoS
[} = e}

FEshe], 25000 rpmell Al 10w 4E Al wEste] Fa=s A Ed whelH s
5 10 mI¥ £F38ke] -140%=0] B}

(W) g3 39-S (HA, Hemagglutination assay): 5 A&7 o]& vlo|g|x~ g7 =4
- PBSelA 1/2 ©@A 3|4 Hlo]y~E 96 well micro platee] 50 ul # FF3}az,
06% HAETE F 7 RTAA 4023 HA ¢S A3E #5351 HAU

(Hemagglutination Unit) 2"°/50 ulel7te &<18}4th.

2 4 8 16 32 64 128 256 512 1024 2048 4096

a9 3-61 TTo|A F2 A7 HOHN3E X7 EF Al Anto] 2] 2~ Hemagglutination assay. 4

w4 128 (2797} #] Hemagglutination ©] UEFWETH,
(t}) Real-time PCR ©]-& nlo]g| =] &2 =4
(2}) Sartorius MDS8 airsacn Air Sampler: H}o]2] 2~ ¥ H 7]

(7}) Gelatine filter: wlo]2i29] HF 34 IH

e

F

(B}) Test filter : A, A-1 (7]EAHHAp/N-Halamine &34 F ZH 53

C, C-1 (ZFIEAH/HAp 5347+ 2HF4¥)
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staat shech,

gy 3-62% AHA
(Sartorius MD8 airsacn Air Sampler)ol {FO]EZR7E A
W T3t FHE Adsta FE npolElies HE ©AQ Atd IR 2 HE

Ak Folz 7o) EAE(A), R AA ARIB L COozr FH%H]
s

gl ay =
4 A g & 9

I
glll
22
o

i

(7}) Sartorius MD8 airsacn Air Sampler (H}o]2]2 EF 7))o A 47}A] test filterE ©] &3

H5N3 nlo]g| 29 x|
(1)) Sartorius MD8 Air Samplerol]l 18 3-629} 2] test filter ¥ FX] 5 X

rot

.

A)

Jprayer

2%

o

e
T

e o

=)

11
—
et SR
e

AHRE

Cranze

Crelating Test Filter
Filter

Sartorius MDS airsacn Alr Sampler

\
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(th) Sartorius MD8 Air SamplerE # i 3m'/hr, 30minC. & A4 % 7}5A 71t}
(2}) Stock (2’ HA titer) H5N3 Hiole] =8 AstuA ot DE Aol A3 A=
4 ml A& sprayerE ©]83}o] AFA] I}

- oluf, TS A7 e Al EAbste]l 3 gt

19 3-63. vfo|e] EZF7|(Sartorius MD8 Air Sampler) HON3 vfo|e]2~0] A} AA] ARx
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(nh) 30% ¥ HAE Egldlal gelatin filterE 343t A 22 % 5 mle] phosphate
A (pH 7.2, 3 A7} 2 25mm glass bead 40707F Eo190E 200 ml 42 ZEk~
Aof ¥ 19 3-647 #Zo] 37C FFFA HiEF Fola Ao|A 57 W

sto] gelatin filters 73] o] nlolgl~E &A1 710

200 ml wide-
necked Edenmayer

= )4

iLEe ." o flask conhaining
Filter hn:ld—r Fitier with / | abuffer sclution
wet filker collecied viruses m and glozs beods
and phoges ¥

T

Y

labaratory shaker Water bath, 377C

1% 3-64. gelatine filterZF-E] nlo]g]2=9] 43k A HA T

(3) Sybr green real time RT-PCRE &3 7} filter®] HHN3 ®lo|H 2~ oits =74

(7}) H5N3 H}o]#]22] Sybr green real time RT-PCR standard curve #HAd

Stock (2" HA titer) H5N3 vlole]~5 1/2 A" o g 34ste 2° 27 2' 2° 2% 2
HAU ¥ =9 ulo]®] 204 Viral Gene-spin'™ kit (INTRON)S o] &3}o] nlo]g] 2]
RNAES F33}91 1, LightCycler RNA Amplification Kit SYBR Geen I (Roche)& At
43}o] T cycler IQ (Bio-Rad) PCR 7] Al°ll A real time RT-PCRE a3} t}.

HE2-o] g3l EgtNe LightCycler RT-PCR Enzyme Mix 0.4 ul, LightCycler
RT-PCR recation Mix SYBR Geen 1 04 pl, MgCl: stock solution 2.4 ul, viral RNA
2 nl, 3% 3-169] AIV common primerS 5pm & %2 forword, reverse primer® A}-& 3}
of Z+ 1 ul 282 Edd 34 SHRTE g8 HF v 20 ulE s B &
4 dETo2 RNA Wil dytd 32 S/E HA7be whe E¢es Axste]
Tkt wg B2 55 Toll A% 95 CollA 30

A 2553} reverse transcription
Z7F AA A2, tfA] 95 ColA 5%, 55 T 16%, 72 C 25%5 3k F7]|2 45 cycle %

_|_4

Aoz FYAT. FH AT @S VT2 35 cycle oA FE FAo] AAHEHTE
S0 ® FAGSAL. violy 2~ FEW vEeERd 9% 7] (Ct, threshold cycle)E& o] &
st X4 (standard curve)E A2l Sth. y= -4.842x + 36319 A3 7 EEE
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¥ 3-16. AIV #7344 A=&

Target gene Primer Sequence ('5 — 3) size
M+25 AGATGAGTCTTCTAACCGAGGTCG
AIV M gene ¢k 100 bp

M-124 TGCAAAAACATCTTCAAGTCTCTG

(]

=

©

>

=

O

y =-4.842x + 36.31

0 ! ! ! ! ! |
0 1 2 3 4 5 6
log 2 HAU/ RT-PCR reaction
% 3-65. H5N3H}o]# 2o tgh real time PCRE] standard curve. standrad curvew
PCRo] AM&-9 mlolzjx 4= (2°, 2°, 2%, 2°, 2%, 2' HAU/50 ul, NTC; non template
control)ol Al YERE Ctgks EUZ A H AT

Cycle Threshold
S

(D) test B A3 F BE o] HEN3ol @ Ao &RE 574
gelatin filtero] | 3-8l vl &2 9] 300 plol A 919 2 ZANARNA FE8ho]

Sybr green real time RT-PCR-E A A3
(th &4

e &4 A v 549 vlolys A3 g3 SAsH] f18) filter A, A-1, C,
C-1ell ozl mpolyj EX719] gelatin filterell =9sh= uvlole]iko] AmRIA]E Sybr green
real time RT-PCRS Al 3] ZAlstth 9ol AAl" Iz Ags A ofFd
filter7} 2= A @& 4 txzae 7HE WA FFo] AlFE ] ctgho] 21.9622 ERY

om, Itk filter C7F 25.85, filter A-1 31.7, filter C-1 33.12, filter A 33.47 = YE}STH
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(19 3-66). olH 3 ctits standard curvee] 1o tids] HW vlo]Ei 97} (log2
HAU)7}F A 22 3, filter C= 2.2, filter A-1 0.95, filter C-1 0.7, filter A 0.6 =& 4
Ebt}. S filtere] o3 582 filter A> C-1> A-1> C 22 e

Ampification Chart - Data 06-May-08 1502 .00

g

g

]

]

-

]

b

o

=
=
Fanl
~
2
(=)

Hilter A /

8

g

FCR Base Line SUbtracted Curve Fit RFU

8

1219.38 / i

i
L

o

o 5 10 15 20 25 0 3= 40 45

a9 3-66. filter A, A-1, C, C-1o] 2J3} nlojgi~ o3 a3 =AHE €3+ Sybr green
real time RT-PCR.

() 48 8.

filter A, A-1, C, C-1ol 9|3t nlolg 2 o3t 53 FHS fa & AolA= vleolgx
SZ A7) (Sartorius MD8 Air Sampler) ol 47}4] filterS 7}7z} 426k & HoN3 Hlolg] 29 ojupss =
Aotk filters E38) Q150] gelatin filtero] =23 nlole) s 8 SATORA filter A, A-1,
C, C-1¢] nfole]= oAaes FAsAT oleid dAAAFE st Al717] fAs] 9 L9
29 & 2= AEEG 1 Aeol A Sartorius MD8 Air Sampler®] Z7AdS 3 m'/hrol
Al 30mine.& setting 39tk 28]z 27950 pl HAU (Hemagglutination Unit) ¥ &2
stock HAN3 HFo]#| 2 4 mlS sprayer® 53k 3 gelatin filter o £A3}= vlo]8| =&
453lo] 1 %S Sybr green real time RT-PCR o= AAbs] ¥ A3} filterd o3 &

2L filter A> C-1> A-1> C =22 e

- 101 -



(7h) FA134 85 2 (SEM)

filo
°
op
e
i<}
o,
Lo
-
BN
1)
El

ZH A, A1, C C1 45 445 FAHEVZAeE #23 43 O9 8% 2¥al A, G A,

C1%:08 ¥Wo] FAFL ¢ + YUk

=
A B

b = i
ha o i

19 3-67. B9 SEM image, A: A filter, B: C filter, C: A-1 filter, D: C-1 filter
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3. 2FAEFAA v~ 283 247€ ML
7k FHEdE % At

=235 oFe FF 5 XY JofntolYAE FASHA &2 tlxd Hpol# sk Holgle
A sl Fitol HFste] SAHA oA BF3 =S AdsAY o
= TTHITHeE WF & = 4
sto] Ao eN 243t e B RS S8 ES A8t
(H

Sartorius MDS airsacn Air Sampler

EE
=)
offt
e
ol
ol

A%k HON3 Hpole] 2o B85} of -5 HEvbolels FHIAAAM dad W
dHTHor HolYAE SN F 2 T4 AR E drSHMHALE A% A9 &
3-17% #Zo] A, A-1, C, C-1 4& EH REFoA nlol 27} HEEHA gFol volg 27t &8
st e AT = UA[BH

real time RT-PCR.ol 93} filter A, A-1, C, C-1°] ¢]&F njolg|~ x5 A= Fip =

4 Adel FTHHFT T AHRE vud o Aol FHA HEEI Y AaAY HAA T4
A R AEE Hrbe] 9o]A real time RT-PCR % S35 He 235 TF&E v = A3
o] zpeli= dE §F ZhES= vhol# 29] FAk= real time RT-PCR™Y o] vl wizheh Wy o
2 HZFo] Jtsstdoy T JAEHe B9 AT oo 7 Jhed miolef o] EA Al
oAt T2 7] Witoz Attt volH27F St EE F U= HAFY Aol g
RAoR Fdo| Ha FEFS HA 97k2 oF 10" oo s o238 £ gt

X317 238 F T AT L 4 SHAEE o83 583 54 A7

Dilution of virus extracted from gelatin (-logio)
1 2 3 4 5 6 7
Control ~ * 27 2° 2° - - - -
A . - - - - - -
A-1 - - - - - - -
C - - - - - - -
C-1 - - - - - - -

* HA titer after amplification of influenza virus in eggs

Filter
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o gYA B4 2 B F G ol o3 mn %7

(D. IgYe] I4¥ &4

g ‘' Hy dron ﬂpﬂphte

- = B EE A

OH

i _r\m@
PO, )

PO,

OH

_ @A 24
1 T aanas

Agsta g4 714 AL

h ®A AdAs
- vpolE 2 HsNsE 2 FAZSFAdzuto] g2 (ALV, stock virus: 270 HAU)
O 10¥% SPF Z&o| nlolg2 AL AR 3433 0.1ml¥ HE5 37T F&7]olA
3UI v T4 %, WA 2~3A)F F<E chillingst AET oA 9 AS
sted, 25000 rpmoll A 1023t A E st FH=S AASL T vpo]g=E 10
ml¥ EF&le] -140% 0] B #A3F)
- GSEHAl HsNaE 2/ EF A A afo] g 2of o

rol

& 8 A (IgY, stock F5%: 2" HI

unit)
(th 28l Igy 24
- Filter B (71E4} olulElo]E F-AZ)o] IgYE FA8H7]98td FRFEHE o83 A9
H

g BAME 08T 2HA WO Amsgch

D RAF7E o] &3 IgYe] &R (19 3-69 A)
- 2" HI unit 9] IgYZ PBSel 1/5 343 ¥, dAEg tsdd 10mle EFstn AF7|
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gt

- IgY7F @21 #HER HHdl IgY7h A3 24 € i

£ Fed
HILE ol gl Me7] ¢ W= vhsal 2AhEt WA Igyrt S s WA
Filter Bol| 25 == 3t}

B

W A7) (sprayer)E o] &3 IgYe] A (29 3-69. B)
sprayer= ©]83}o] 5mlS Filter

- 2" HI unit 9 IgYE PBSY 1/5 343 &

T AR dx AZITH

of FA}stT
- A& Filter BE 2A]7F

A I FA3Fo] Real-time PCR ©]-§ n}fo]
& Sartorius MDS airsacn Air Sampler =

ER A

n}o] 2] 2~ Real-time PCRel
X, B-71E4l o}gtEle]E FA

IgY ¥4 2 B-IgY¥-a) ¥ b H-ZF XL

(B-IgY-b) & 4F

elatine filter

Iy 7 A-dy 2

)

o HF =%
o) A

(th) Sartorius MDS8 airsacn Air SamplerE o] & 3t

@O wlolH 29 L A=k DAFe
H5N3 uleole] 290 3 W3t FdatA AA skt
m'/hr, 30mino. 2 AA T 7FEA 71t
Ardol] 1A%k Azl 4 ml

b= dE A

3
~2 A uA 5

- Sartorius MD8 Air SamplerE #
~ Stock (27 HA titer) HsN3 H}o] &
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A S sprayers ©]-&sto] EAAIZITH

- 302 F AAES wYstaL gelatin filters 23ke] &A A2 F 5 mle| phosphate &Y
(pH 72, FAA H7F) 2 25mm glass bead 40717F 010 200 ml 47 ZEf2A0
Wil 19 49 #o] 37T F2FFo A 5E3F FHolal Ao A 5iE7F EEte] gelatin

filterE €3] =] nlol¥As FEAIXH

@ Sybr green real time RT-PCRS &% 7} filter®] HON3 viole] 2~ o35 S4HLS A=
g 1) o}, (3), (thake] Sybr green real time RT-PCRS 53k 7} filtere] H5N3 v}
ol = oty FA4 W&y FdsA AAsHAH

- ok&ahd, Stock (27 HA titer) H5N3 wlol8j 25 12 @A R o= 3| 4sto] 2° 2° 2 2,
2°, 2 HAU s %9] nlo]g] o)A Viral Gene-spin'" kit (INTRON)E o] &3to] nlo] 2
o] RNAE F%3}3 3, LightCycler RNA Amplification Kit SYBR Geen I (Roche)
< AF&3te] T cycler IQ (Bio-Rad) PCR 7] Aol 4] real time RT-PCR< 333t

- Hhgo] Fe3d =gde LightCycler RT-PCR Enzyme Mix 04 ul, LightCycler
RT-PCR recation Mix SYBR Geen I 0.4 ul, MgCl> stock solution 2.4 upl, viral RNA
2 ul, 3319 AIV common primerE 5pm &%°] forword, reverse primer= A}-&3}e] 2z}
1 pl 283l e 32 S5 il HF5 w89 20 s AT B3 54 tx

oz RNA w1 BFE 3% SREE A7 0 EFAS Az I FH5%
Edl

R

o} HkS 3 A2 55 Toll A 2587 reverse transcription A% §, 95 CollA 30%&7F WA
Al 713, TAl 95 CollA 5%, 55 C 16%, 72 T 25% 5 3 F7]2 45 cycle 2o 2
ettt A AT ctghS 71T 2 35 cycle ool FE T AAEWE Ao
deks it

- A3 9% F7] (Ct, threshold cycle) 7|22 35 cycle ©]dolA] S& FAo] A
HE Ao R #ATsAT. 7 filter ¥ ot 7]<Eol] #AE standard curve (y=

-4.842x + 363D W) sto] viruse F=E FAAh

o

Iy A AR E=E B vlol 2~ oy gye] FAsty] Aal  filter A(YRE FA X)),
B(ZIEAF olblelolE H-2 ) B-IgY-a(X &7 93] A4 filter), B-IgY-b(sprayerel] 2|3
HAAE filter)7F F-2HE vfole s 3719 gelatin filterel]l E=Ysh= vlo]g]Ado] o] AR QA&
Sybr green real time RT-PCRS 2 A] 3lo] ZA}3FS) T}

Aol AAE B Ak ¥ duk A2 Filter Ax 71 WA FFo] A&y o] ct
fro] 25702 uetwtow, filter BY 4-F IgYE HASA &2 ZAolu AAZ Aoy & A
o]Z RHolx i 295 HEE vrebytl (29 3-70). ©ol#3F ctgtS standard curve (y=

- 106 -



-4.842x + 36.31)¢] 1Efazel] s HW wlo]ly 2~ 97} (log2 HAU)ZF Filter A& 2.2, Filter
B, B-IgY-a, B-IgY-b& 14 Z uYEyt 5 filtere o3 S22 Filter B, B-IgY-a,
B-IgY-b> A <o 2 uyetyth 22y Filter Boll IgYE I A 3 A3} oF 3 Ao & zol7}
ERU A 2okt

ampdfcabon Chaet o Data Z3-pae-0r0 L I0FHSrd . oo

|="="x ] I - = —_—
=" ] =
= Filter B
T =1y 11 o
= 4000 Fitter & 7
3 Filter B-1g¥-a
%_ : :
g 200 oo Fitter Belg -t
1500 S
= '
1000 - -
el
S e
o e L= = - — ——— -
!
15 =1 == 30 = =)

Cycda

a7 3-70. Filter A, B, B-IgY-a, B-IgY-boll 2|3 nlejg]x oz g3 =4S 3 Sybr
green real time RT-PCR.

4. EALA SEFE JAAH 247 A

ZF HIV($F3A4 "W dgSntelgl ), by 2 CEH Hdnfold~ 5 543 vlo]gf2e] djsh
2H Hr7le= 27158t vt VFE %54 xH(Military standard MIL-M-36954) 2 ¢]sh&
23 Azx #d HAAFAS ASTM (American society for testing and materials) F21019

VFE A WS goFstd 27 oF 27nm (0.027 Wl 71 22 nely 2z Fof stz 9
H7b gl AolAdHAR] phiX174 wHHEl e a xS 2H A7l ARSI ubH 2 vkA]
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m PYAAVZ BFSn B 2838 He fE&EoR HAESE 173: A= Andersen
sampler® ¥ F =5 1¢td FAE ALE3th VEE HA= + 5T 2 AUl 5% =
Aom HA ANZEold Bud dHE AMESHH VFE thxar2 ¥t 22004500 PFU o] ofof
3lt}. Andersen sampler 9l E.coli C7F 83 A S Fo] 3
AIZE wf st 9 wrH g e a1 o] Sl o3k Fefe] FE AL
doh 4o 882 %VFER YehlH Ay e ofefjel 2t

plaque without filter — plaque with filter
%VFE= : - X 100
plaque without filter

71eF & AAIR = vl CDCAFeFe] NIOSH(National Institute for Occupational Safety
and Health)/NPPTL(National Personal Protective Technology Laboratory)®] & -&%x]2] F

HA AALES Y3 E=EA7F FAEEHY

L} ZE Q] Hfo]HAE o] &3 TEAA AF-E Isolator

THAAY ZFAZFAA(HLNDE talste] FAs AHAA
o~ =

Aol bl frelsior & Aow ety

%
M AL vl AE ol &3 TEHAAA AlEE FAH o] FE= isolatorE Al of

5 449 AA ofF #s A isolatore 19 3-71¢F 22 A¥

N
o] 19 3-72¢} o] FHF AAZE 29 3733 Zo] fdHNeH

do
%
Y
M
17
o,
Q
=Y
<
2
N
>~
>
2
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=0 | x
tegt ZE{ EE
Fd
] //
=IO "R R ,"
E.:!‘ E.:H .:fxl 4
{purnp) ,/
T
—_—
H —
| —_—
B— =2n|
=1y

e s DS ST
gE 8 = 2|

a9 371 FEe 5E 7 A4 B 93 Isolatore] AE

a3 3729 AARE 7|Fo 2 F9 WAl &A] Three-shinedl| Isolator®] #|2}s oJF|slSTt. F2
O 2= vy BRAAX7F AXE virus generator F3 EIE AX|she 11 ZE AXAXA

9} SEAS AoAE A S 91oW 23He FANT)E controller HE 502 o]Fo] A},

o
=2 +
wHo}t st vlolgj A Rol = FAL FS 7] (compressor), HFolHAER T, FAF =
Z(nozzle) Tt UlETo] A (nebulizer) & &% A X|(spray system)¢} HZ7 #eloez FA4H
o vl Eetol A= d=71dA TG 25 ke / ar S o] &3dfe] npolg{ oS 05~55 wlo]

i
AE 2719 EFAHE DAANAEY FFoRZE omd AEAS A UF7e 220V,
1/5 HPY FFZ&o]™ wl1YE swin catch 55%30 671, hinge 80x30 27}, HI2E IH ¢ 250, 1
A} =¥ ball valve PVC @ 32 274, 12 F& #jed 2 13 5 A=A A& 0
42x300L 2+ 170, 12 A &2 sheet 1A AX], PVC @ 32 17}, 12} A E2 & ball valve PVC @
32 E FAE Fag, B AXe 2AEXE AEHAY Isolator(w4d) A4 Aol
Agstes FAstATH
T Fo74dL Fa/43 control box B AED Folew FAHEG BELEE o}
F2 #tYE swin catch 55%30 67, hinge 80x20 37, 2z} &3t
Hl & hepa ZHQ 250, 22} W& ball valve PVC @ 32 171, 22} & W& % 23 &5 A
Zod AYE @ 42x300L ZF 170, 23} AWM= sheet LA AR PVC @ 32 171, 23} A=
ball valve PVC @ 32 17] ¢} control box+= blower $+¥ Al o] A](Presser gauge) 0~25mm H,O
dy)o g FAsIAT
2 7L RAEAE S Isolator(w 4 ) 224 Aol AFe=E #8949 =

R |
3 87| F(ACH) 9 71F(m/sec)s AEFTERTH, A5 EH JFst== FAsIA T
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318, BEIEY %7} ARSI ABFAR vloleize] ArbE AFWs
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Day post Body weight (% of body weight change)
infection
Inoculum 0 1 2 3 4
PBS 53.8 (100) 54.8 (101.9) | 55.2 (102.6) 55.4 (103) 56.2 (104.5)
5x10° PR8 strain 53.4 (100) 55.2 (103.4) 52 (97.4) 47.2 (88.4) 442 (82.8)
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@ o8 AEAA HHEAFS 10002 Y AFS Faste] Z48(%) =2 JEH
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319, BEAY Hrh AGIN vhee] A AF g

bay post P %) of body weight ch
infection ercentage (%) of body weight change
Filter or
Not 0 1 2 3 4
PBS 100 101.9 102.6 103 104.5
5x10° PR8 strain 100 99.6 90.8 84.4 54.8

BFiltered Bhon-filtered

1

2

Davs post exposure 4

a9 3-74. ¥ 5] wE A FwH3}t

(2) 5% 23 isolator A& filter &4 A&

hH AE = Uy
- filter: 7] E4t/HAp/Halamine = t} 1 filter
- Iy E AQdstie AFD)H &
O ol ek 10°° TCIDsy/ml, (4.8 X 10 ° PFU/ml), 2" HA titer
O Hlolg 2= 108 34 &to] A& 10° TCIDs/ml (20ml + 180ml PBS)

- FAuEE B A v
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1 EF A Aputol i 2~ PRE wpolef 25 o] &3k Uyt dY 9 7] E4F/HAp/Halamine & ¢H4r
filter F¥ Blul AF A3 27 3-783 o] dwt IH | A¢ 3LAFH HAL Ha“g“ﬁ}oq 4
AR 20% #HAAF B 5UA 100%7F HAFSE 9bA 7| E4H/HAp/Halamine &34 filtere] 7

E4

T wE 5 7Y s HAglel A5t "(E{iﬁ}oq 71 E4/HAp/Halamine &3 -fr fllterJ
ol 5
o)

100 & i i i . 3y
20

60

40 \
20 \

1 p 3 aq 5 5] 7
Craws after filtration of H1M 1 wirus

Survival rate(s)

| =*—Halamin filter —control filter ‘

a9 3-78. Iuk ZH ¥ 7]|E4F/HAp/Halamine &34 filter AF8-A]
ok AES Bl

(3) "<& o3 B4 L& 53 7| EAH/HAp/Halamine &4 filter &9 A ¥

7hH A= 2 U
@© &A] Biol&# &
- Rabies virus (RAV)
- Canine parvovirus (CPV)
- Porcine epidemic diarrhea virus (PEDV)
- Transmissible gastroenteritis virus TGEV)
- Japanese encephalitis virus (JEV)

- Bovine coronavirus (BCV)
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1. Virus Filtration Efficiency Test (VFE)

7h AAH R F1Eo] Q= wlelg o] Whd dE 9 oA &R 7HVirus
filtration efficency : VFE)+= #¢d <A
- U.S. Department of Defense. 1975. MIL-M36954C. Military Specification Mask,
Surgical, Disposable
- Anderson 2000 Inc. 1976. Viable (Microbial) Particle Sizing Samplers Operating
Manual. Andersen 2000 Inc., Atlanta, GA

v}, VFE #H7F td7]#&: v]=r9 NelsonAl, v+ VFE X +=4XxF(Military standard
MIL-M-36954) % oJgrg mlxa= AF dH FHAFAQA ASTM (American society
for testing and materials) F21019] HWAlE AAE w211 S

th. VFE AAF W
- A7 °F 27nm (0.027 W<l <37 gl Bol WAl phiX174 vHe 2] L 9tA & FH

a2 7tol AHe

e g e ut Al Fpds dAG o 0 n

nebulizer)E o] &3te] oF 30 m YAV 2 EF3Fa B
~E3E ZEE 7% Andersen sampler® EREEE 11¢kd RS AL
- VFE AAlE 21 + 5T 9 AUlF%E 5% 202 HA 4A7kol Y Bt 39 &
AHE-3k VEFE diZ w2 3t 2200+500 PFU o] ojof 3
- Andersen sampler o= Ecoli C7} wjdd sHHujAE Fof EF & 37Tl A
12-24413F wj<Fste] 3d whe|e] e upxe] S &3 Zete] 5 AowA I
Hiss 54,

2}, 71} #d HAE = vlar CDCAFSFe] NIOSH(National Institute for Occupational
Safety and Health)/NPPTL(National Personal Protective Technology Laboratory)2]
TEFAA S FHA HAME AT 247 78 U

2. 95 & d=vt23(Medical Face Masks) ¥F
7F. ASTM F 2100, Standard specification for performance of materials used in

olgd wl
| =

2

O
Hﬂ
w

o
IT

medical Masks.
. 535 AL
- Bacterial filtration efficiency (BEF); ASTM F 2101 w2} &4
- Sub-micron particulate filtration efficiency (PEF); ASTM F 2299¢] w2} =74
- Differential pessure (Delta P); U.S. Department of Defense. 1975. MIL-M36954C.
— Fluid penetration resistance; ASTM F 1862
- Flammability; US code of federal regulation, 16 CFR Part 16109 w2} =4
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Development of the in vivo Bio-aerosol experiment system for

virus filtration efficiency (VFE) test
Bang-linn Hyun' Jie-YenniPanlcl, Hyun-Mi Pm , Hynung-IKwan szg‘, Soo-Dong Chol,
Donge ainyang SJacjorlkms, Seong In le1 J.lt-Young Qm g o ChunGiilPane

INTRODUCTION RESULTS AND DISCUCCIONS

4 Bio-aerosols are aerosols of biclogical origins such as viruses, bacteria, fungi,
spores, pollen and allergens.

# The spread of airborne pathogens such as high pathogenic avian influenza
(HPAI) and severe acute respiratory syndrome (SARS) as well as new influenza A
(H1N1) in 2009 have raised the public’s concerns about bio-aerosols and
protection measure.

# Filtration is one of the most lied for | removal
because it is simple and economical.

# However, there is no in vivo filter testing system directly available on small
experimental animals such as mice.

4 In this study, we attempted to construct in vivo bio-aerosol experiment system
and the y of test filters.

MATERIALS & METHODS

# Bio-aerosolexperimentsystem was constructed as small-scale horizontal
laminarairflow clean room.

@ This system consisted of virus generator chamber (40 x 40 x 40 cm) connected
with P! and isolation testing (50 x 40 x 40 cm) connected
with control box.

@ The bio-aerosol was generated by virus generator and spray hopper in this

Fig.4. Real feature of the in vivo bio-aerosol
experiment system.

A total view

B: partial view (test filter fixing unit)

system. Lt
@ Theairflow divided into two parallel streams. # The chitosan / hydroxyapatite composite fiber filter was efficient more than
¥ One stream passed through the test fiiter and was collected by second sampler ofhiec:H ﬂt?rs such:as gelatin. . :
after passing the isolation testing chamber in which a mouse cage was laid @ Thus, I hydroxyapatite fiber has the p to pull
while the other was collected by first sampler without passing by the test filter. | microorganisms in aerosol (filter A > C-1 > A1 > C).
o .| | ® None of the mice received filtered air stream through the chitosan /

hydroxyapatite posite fiber filter id of infection such as
anorexia, weight loss and death.

# In contrast, all of the mice that received unfiltered air had influenza virus
antibody and the symy by the infecti

# These different results were originated from the electrostatic attraction of viral
particles to filter fiber. Most microorganisms have an electronegative surface
due to their carboxyl and phosphate groups.

# In contrast, surface of the chi I hydroxyapati posite fibers is positive
with functional groups of positively charged pairs of calcium ions.

—

Fig5. SYBR-Green real-ime RT-PCR assay after
filtration with various filter different chitosan /
hydroxyapatite composition ratio.

Ctvalue of the non filter, filter C, filter A-1, filter C-1and
filterAwas 21 96, 25 85, 31 7, 33 12 and 33 47,
respactively. s

i

i

|

|

|

[ e
|

i

|

Fig 1. Diagram of the in vivo bic-aerosol experiment system showed the composition and accessory. i3
1-1: Compressor, 3-1- Spray nozzle, 4-1& 9-1- Magnet swin catch, 4-2 & 9-2- Hinge, 5-1: Test filter, B
5-2: Exhausthepa filter, 6-1 1st Exhaustline ball valve, 8-2: 2nd Exhaustline ball valve, 2 E ch nt: fbo ight
6-3: Flexible exhaustline, 7-1 & 7-3- 1stand 2nd flexible samplerline, 7-2 & 7-4- 1st & 2nd g 7 a;ﬁféxp;r:ﬁmhp%;m;?sgf po?c)‘llr\llgem
Sampler sheet fixing union, 8-1 & 8-2: 1st & 2nd Exhaustline ball valve, 10-1. Blower, 2 I influenza virus (5 x 108 PFU/ml) using in vivo
10-2- Presser gauge 2 # bio-aerosol experiment system. Each 5 Balbic
%5 mice (female, 6-7 week old) per group was
# Chitosan / hydroxyapatite posite fibers (T dtech, Korea) were used =2 used and average value was calculated Mice
as filter material. - were euthanized body weight loss exceeds
# PRS, an isolate of influenza virus, was chosen as the biological test agent. Days postinfection 50%.
# In this study, two type of efficiency could be determined: viable removal
efficiency (VRE) and survival rate of the mouse. CONCLUSION
# VRE was determined by comparing the filter penetrating viral aerosols in = e = = = =
experimental stream and control stream. 4 This nov_el in vivo b_lu-aerosul experimentsystem demonstrated its potential
# Virus was quantified a plaque-forming units (PFUs) or Ct values of real-time foreffective evaluationof fhe filters. o
PCR to the influenza virus. 4 The chitosan/ hydroxyapatite composite fiberfilter testing in this system
presented advantageous potential for retentation of viral particle in aerosol.
Primer Seguence(5'to3’) Size =
Ho—
-c.';: o coo . | [M25|AGATGAGTCTICTAAGCGAGGTCG |, This system showed su
roech R coa o] M-124 | TGCAAAAACATCTTCAAGTICTCTG P
"] REFERENCES
00 (=0,p-]
ool ¥ og . 1. L i L Pry berts, D. M., Kendrick, A. H. and Smith, E.C. (1995) The
b 2% Fig3 Primer effica::y of Fltels “used in lesplratury function apparatus. Journal of hospital
22 pairs used for Infection, 31, 205-210.
o Z ;; real time RT- 2, Li, H. W., Wu, C. Y., Tepper, F., Lee, J. H.,, Lee, C. N. (2009) Removal and
= ? 2l PCR and retention of viral aerosols by a novel alumina nanofiber filter. Aerosol Science,
Fig2 Mechanism of the protein Zu standard curve 40, 65-71.
absorption by hydroxyapatite 55 for 3. Kuiper, M., Sanches, R. M., Walford, J. A., Slater, N. K. H. (2002) Purification of a
(HAP). . ) 50 quantification functional’ gene theraj Yy vector derived from ne virus
A’ alkaline protein, B: acidic g o= B ot 8 E of porcine using membrane filtration and ceramic hgdroxyapatlte chromatography.
protein. o2 HLIRT-PCR reecion ez vinEs Biotechnology and g ing. 80(4), 445-453
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