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ABSTRACT; Outbreaks of waterbome infectious diseases caused by pathogenic viruses have been
frequently documented over the world. Pathogenic viruses can survive for a long period in water
environment, but there has been a difficulty in removing or inactivating viruses in conventional water and
wastewater treatment systems. A new technology for the virus removal from water needs to be developed.
In our previous study, virus-binding proteins (VBPs) demonstrating the ability to strongly bind Poliovirus
type 1 (PV1) were recovered from a bacterial culture derived from activated sludge. It was expected that
the isolated VBPs would be useful as viral adsorbents under the conditions of water and wastewater
treatments. In order to develop new technology for virus removal, it is important to isolate not only VBPs
for PV1 but also VBPs for other important pathogenic viruses in water. In this study, Adenovirus-Binding
Proteins (ADVBPs) for Adenoviruses type 3 (AD3) and type 40/41 (AD40/41) were newly isolated from
activated sludge culture with the affinity chromatography technique. Three distinct peaks were
sequentially obtained in each affinity chromatographic profile of ADVBPs for AD3 and AD40/41,
respectively. The isolated ADVBP in the first peak include a number of proteins, and their molecular
weights were widely distributed. ELISA revealed that the ability of binding Adenoviral particle of
ADVBP in the second and third peaks were stronger than those in the first peak in the affinity
chromatographic profile. It is speculated that the isolated ADVBPs can be useful as specific adsorbents
for Adenoviruses in several fields including virus removal, concentration and detection.

KEY WORDS; Adenoviruses, Activated sludge culture, Adenovirus-Binding Protein, Affinity
chromatography, ELISA

1. BB

BEOEERERE S KICRRIGEAT ETRKEOERICHEY, BAETIRI L FCREE DR
EMEICEAKBEPEIRRENDDHS. LOLAENS, AKFHIZE> THEBURET D KE
WEHOBERTNTERRINZDIT TIERL, FIGEEZR > TKHREVANAZERETS
KRBEEOHENCEHAENS BRE<HEINTNS D 2, KRRRPIEDFEK &2 5KHHER
AN AR FEOEF ST ARANRATEH, FTARLBEIBWTEHEERENMTONTHRE
ZREAELEINT, FTAAAKIZEALLZREBTKBERARBEING., TOBE, BRIV
ZAIRHARRER E o oA BB K EHFERTZEERD. 61, BEIANARERIN
TERKENSEKL, BAKLAEOBETHIR IS NVARELN RS NP >728E, KBNS S
FRTAIVAPBRHEINSRENECBAEENHD. PFERLICEIBEHRAOETFLEALD
Hm, EERL, HERERAICL BRIV ARERETIHARBEORES, HBEORE
OB TKRFRET AN AWK BDERY A7ITSHISITEMT 2 I ENBEINTV S,
Fiz, BHBICBWTFAKUEKOEMAZEZDLANLKIH S AT LOBENEENTNS
BREBETDHE, KFBERIANVANCHUTEIDEERZEEL XV ARDEND.
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UL S, KEFEERTA N ADRELGEMENESNDERBFEZFLELEREDOKL
H7OVATE, KPBEEYVAI NV AL KREREREV A EZTRICERBEIESIEEEET
iz, FIEEETREL TV ORRBEEENERAMELENT VDY, VM NV AOBECEE
LARICE O RNELOFBENEETED V. £, BESBE (MF) 28U NVAREICHAT
EDLRHEMENRHZMND O, BPAMITIRNF - EEPRENIEDA T F OANEETH S LW
SEHND B, RALCETEREORMNREGETHEE XS, KPRET1ILAICES
BPREFE ) A7 2BET 220, PBREOLKFBERTAINAREFEFRORARENVEEINTNLD
NHIRTH 5.

BEDEHIBEREOL L, AP IN—TIIKPBERT AN AEFGEONDOREICRKE TS >
INE (A1) AWES /N7, Virus-Binding Protein: VBP) ZIRMEHERMEN S 0BEL, FEM
BIAINVAEEMELTHRATZZE2RATER., CRETIE, RUA TSNV A 1T RIZERENIC
%9 % Poliovirus-Binding Protein (PVBP)DIEMETHIEMN & D BEICRIIL TS 7. VBP ZH W
TAINAREREREREFET SRICE, RUF TN ADHES THRLBREEOKPHEED AL A2
%92 VBP ZRETHNENS D, FITEMETIE, AKPRETAIVADF THEREERNFM
EBUT—ENDEWEHE TREINTWATY T/ IMIIVARER LR, 757 /74 IV AT 49
DOMBEBRNTFET DN, TORTHRERPBECHEE YA N ALLTHSNTWEDRTF /o1
JVA 3L, THE, 40 BIRON 41 BITH Y, EmE, WER, BBAMNUOBEREOEREIEEIT
TETHSNTWAEY, ERICBITAE SMhSDOT T/ U VA BERREIZ 91 £, 5 994F0 10
BT 16119 5 TH BN, AR LAKRBENEER T 7/ U I AMBHOSBREIIZD S 5
7021 HAEEDHTWZY. THIZWMESED 4% ICHUTE. 7T/ T4 AOERBBEEEE LN
BN, BHOFEEEFRPMMENESICETRTHORBIZRNSHSZ. £, 757/ UA1ILAIKZ
METBDTIFoRBGRIBEOEIAFEALRN., IN60ZEE, 7F/9ANACEEKE
BREREO) AV BERTAEDICRKLE O A0R Ty T /U1 VA EBIIBRETSZ
ENBETHY, TOBRFICBNWT ADVBP PWHHIND B ZEEZRLTWAEERZS. 6K
ADVBP O R IRERERIBEKDISOTTF / T1 NV ARBIZIEH TE LA RENH D,
ADVBP ZFALT7 T/ 91N ADBERKPIIBIZEFEE2EHI A LICLDAERIIBT ST
F IO ABBREREDFOLGIBLERITRL, 75/ 71V ABREERED 27 OB & O
BT DL ENTAETHDLEE R 5.

UEOEOREENS, RFETIE, 75/ IANAERENICRET S 2 ENFERRSY 27
B (Adenovirus-Binding Protein: ADVBP) ZISHHEIEMIBEN S BEL, T D 1)L AWK RETE 36
EITDZ&ET, ADVBP M7 5/ UA I 2T 28RN RREME L TEDH THLNRHT S Z
ExHERNELE.

2. ERAB

2. 1 ERHESEHEOEERUS /A HME

EEBRY SNV ELT, IRHHNO /KL SORKITEMN O REBREERRL = (FEH
R 15 4 12 A8 H). JEIRIE 1000ml B IKERL, BREERBICHBR 2. HRL 2R
EERFOMEOEEL VY N7 EHPIZERD CEBROFETIT -2, MWIGRR2 &, £7
FRUKEBE 100mL 2EOO8L, EiE2 2L oAt (@71 3 28 TREALT
20«3 COEHIBET 24 FRIFKERZT -2, BERERLOML T EBEZET, BRLUZEEAR
LV h%& 20mM Tris=HCl N7 v — (pH: 8.0) HIZH#L, BOS#THI Ik odELE
QED. ¥V EEMET B2, RE IM Z2EFEIERE 20mM Tris-HCI Ny 7 7 — (pH : 8.0)
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2Ly b lg %20 1mL OEETINA, RILTFo AIFH—T"ERE, BIFHOLE G0W, 245)
1ol BODEBO FEZEIRL THEY ONXN7EBBRKELZ. MIHLEY RV EIZEBIC
2mM Tris-HCl N\ 77— (pH : 8.0, 4C) FTHEHET W, HEROEEREE, REOKREZ
frorz.

2. 2 T74=7440%bI57412&5 ADVBP D55

TI4ZT4 70X NI T 74 &3, HRAKRKISICASN 2 LD BERMEMEL2MATSZ
CWEDEMY ORI EENE BETHHETHS. ZOEKEAND LT, EERBRMAED
SO NI EFRNS, 7T/ TAINARTFONESY 7 BEO—EIZH U TERENREGH
FiE%2H35 ADVBP 258 L /-,

RFFZTIE, BEBEREMBIANAELT, KFRRERIIINADFTEHEREODZNT T /¥
ANWAEBRIR LU 7Z. WERERNROMBRE L TIE, KRERTHMEROF THRIKHREN 7 %
HEOHB57T /UAIA3IE (AD3) &, ASBETHF
FEOFRRELTOY TA I KN TRHEBREN RS
NB7F)IAIVA 40 B (AD40) ROTF /71
2 41 B (AD41) ZZBIRU7=. 2B, AD40 & AD41
DRI BEXTF REHZEINE<EHLCTHE2D, K
WZETIE AD40/41 E&RELZ. K1 IKT7T /U1
AR TFOERXRERT. 75/ TAINVARTFOHNHRIZ
EZ+HEEDOA T R NIENSRD, 1 2D
BEARIZE 774 N—EREN 528 (F 17 H)
NEET S, AFETIE, 770N —EHElz2ERT
BHHEY NV EOFTHRICHEIZRNWTNSE Y 2 " ;

JE 12 BEZBRL, AIHIZERLTT 74 =54 #370nm

WS LAEEC)ARELTHESEAE. £1LICUH

PREUTHWERTF REFIZRLEZ. RTFRA K1. 75 /914N AOERK. 77
B3 (BR) RTF RBAERICKIE L. B S AEEIC AN—EHIEINS 1 25 OREH D5
GHXEIT T AN AHRATF K B ;ﬁgfzgiéﬁﬁij&ffF;éi
BHEET ST LEWBT LD, HATF KIEE  pom oy i ke Lot
HAWkE7 74254270574 %727, iX

TF RMEOERIE (B RTF RBFERICKEEL 72
FRTHBENTFREOBVRAKREE LY, Him EL 77 /U 1VAERS /878 (Adenovirus-

Binding Protein: ADVBP) £BED/=dDT 74 =
WEY L TN ELTRT ZETH I LORBEREWR 71707 I774DUAY KELTRWERTF

- Ko7 3 /BB
THIEMARETHB.
FT)
HRTFRMBICLOBREREEER LT 74025 Z%X YA ROT S BES
A AT LERVT, EEHRMEPSOMES >Ny — e

BHNnS ADVBP 208U 7=, BE/Ny 7 v — (20mM 40/41% 1 M ALTY TFLQGTDFP 12
Tris-HCl, 0.01M NaClpH : 8.0) TH> 7V EHL,

S >V EFHD ADVBP 27 74 25 4 AT LH
DUAYRIHEESERE. BT LPICKE L ADVBP 2IEH/Ny 7 7 — (0.02M B, 6M R,
0.5M NaCl, pH:3.0) THEHTBHEIZ Iml T&757a &EIRL., VA RICRRENICRES
L7ed 27D BEEINZfT o 7z,
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2. 3 SDS-PAGE [C&% ADVBP O FEIHE

FILZT 470574 DBER TS al 20ml 2HB7 EKEOHERICLDER, B
L, SDS-PAGE #fT-o7. KBBOY NI HERPEAICIORETEIILET, DBES N
HOWRELHDTEOHTEEIT 212,

2. 4 ELISAEKICELBT T/ UAILARERETE

TI4ZT4 ORI 741K 0BSNE ADVBP 3757/ UANADT 7 A IN—5 N7
HO—HIIHT5B8MEICE02ESNEDOTHY, 7T/ IAINARTFZOHDITHT HHE
BRI AICHER LT sz, AR TIE AD3 BEWN AD41 KiFEHWT ELISA 2175
ZEITkD, HEEINE ADVBP OF7 T/ UA VAR FIIHN T 2RERAE KA L. ELISA ©
FHEIIERD EFRBETHS. 2720, 77/ 71 VAHIKE LT Anti-Adenovirus 3, Mouse-Mono
(MAB8047, CHEMICON International, Inc., CA, USA) & TX Anti-Adenovirus 41, Mouse-Mono
(MAB8045, CHEMICON International, Inc., CA, USA)Z /=,

3. ERERBIUER

3.1 RIFRAMBEICLDNS ADORBREOHESR

AD3 OHABARTF RIZHTBHMBEERANWET 74 254 70 b T 57 4 OFEEK 2a (T,
AD40/41 OABRTF RICHT2HMBEERHWET 74 254 70X M5 7 4 OFERERX 2b 1T
AUz, BHNY 77 —HRMBICRESNZE— 7135 >/ 7 ENE AW ZE RTINS 280nm
DOEHEEZRL TR, ZOE—V7OHBOEFERIZLD YA RIIHESE, DBy O RIED
FEEZHERLZ. E5508 6 BEEN Yy 7y —IEABRICE—VPRBEI N INHOHEENS,
F1 7 LAHEEIIARTF RPN EINTND ZENERI N,

~—— Affinity chromatographyic profile for anti-AD3 serum m— Affinity chromatographic profile for anti-AD40/41 serum
v Elution buffer concentration - Elution buffer concentration
160

m— 4 100 160 ————— 100

120 80

120 1 80

60 160
80 80

40 40

40 + 40

Absorbance at 280nm (mAU)

Elution buffer concentration(%)
Absorbance at 280nm (mAU)

Elution buffer concentration(%)

120 20

0 0 0 + 0
6 8 10 12 14 16 18 20 6 7 8 9 10111213 14 15 16 17 i8 19 20
Buffer volume(ml) buffer volume({ml)

(a) ()

B2, BiRTFROBEERWAET 74254203857 0 OFER. (a) AD3 4
BARTF REELN T LEH AD3 ABRTF RfFERZAWSET 7+ 2570 70X b
U574 OfR. (b) AD4A0/41 SR TF RFEELH T A EH AD4l ABRRTF R
MEZANWET T4 274 00% T 57 1 OFER.
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3. 2 F74=ZF7400%LI5T74124K% ADVBP 7Bk

AD3 IZx9 % ADVBP O 8 REEK 3a 17, AD40/41 IZkd % ADVBP O E#EREX 3b
ZENEFIRLE, CHo0MENENKELEBATSE, BHNy 77y —BABIZIDOY—S
MR ENE. BHENY 77 —8BABO 1 DEDY—2 (¥ 3a ® PeakD &K 3b @ Peak@) idfth
D2DOE—VEDBREL, ZOFEIOEHHEREERZET, AD3 IZHT S5 ADVBP OFEN
209 &TF 113, AD40/41 IZx3 % ADVBP Q&M 151 RN 41 ThHhorf. EE50 ADVBP @
BETHE -V OREIICESILTHNELEDOD, V—IRNECETS 7 a ouBIZEL
TIREREENEN . 7372 a 0 BBFIMETS2HAITE ADVBP 20500 6HBHERES
TODBEHIINY 77 —BEARNKELRSED, 3DHOE—-VIZEENSDS ADVBP Y 57/ 041
VAR TIHLUTRDESWREREEZRTIENFHEINE. ZREFNE—IBRENTW A D7
S arEENRL, DEOERICEAR

Affinity chromatographic profile of ADVBP for AD3 == Affinity chromatographic profile of ADVBP for AD40/41
— - Elution buffer concentration (%)

@ r——— 1 100
&
/

~~Elution buffer concentration (%)
160

100 160

4 80

60

40

Absorbance at 280 nm (mAU)
Elution buffer concentration (%)
Absorbance at 280 nm (mAU)

20

Elution buffer concentration (%)

Buffer volume (ml) Buffer volume (ml)
(a) (b)
R3. 7742542087574 0KBT75T /)94 NVAREY ONNIHE
(Adenovirus-Binding Protein: ADVBP) O BiREE. @77 /71 VA 3E (AD3)
9% ADVBP 2B R, )7 F /710 A 40/41 B (AD40/41) 1269 % ADVBP
STEERER.

3. 3 ADVBP DHRBLUSTFEHTER

FIAL T A ORI T T T4 DOHET7T7 23 LT SDS-PAGE 2{ToRERZENK 4 1TR
Lz, IhobP—r8%2id, MN3aBLUK3bOE—7EBIHGEL TWa.

AD3, AD40/41 OWIFNOBEITBVWTH, —FBHDOE—7 THNNI Nz ADVBP, 3730
HE— 7 ORUV@TERR S 1172 ADVBP OO FRIZEHEICh> Tl Tk, L E
—7®@, @, ORVO®TENE N/~ ADVBP A TBAAOEEN 67kDa L FICA N, 77
ASTFAIARNT S T4 DFEEEHETHE, A5 L, ADVBP S FHICIZU H > RAOBERE
NOENEEL, WEEANE Y ADVBP 2 F0OKid ADVBP £FRoFohirdia ST
LEERB.

KT SDS-PAGE ERIUHY > T ILERWT, ELISA &% ADVBP 7 7/ 71 IV ARERESIFE
flEfT>7z.
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3. 4 ELISA i&IC&kd ADVBP OF7 T/ 94 )b
AR BERTAH
TILZTAZORNT T T4 THRENELZE
—JZIWCEEND ADVBP O7 5 J 71 )V ARERE
2T S5 =HIC ELISA 21r- 7=, 513
ADVBP BENEEH-DOENEERLTHBY,
COMENKREVNIEZE ADVBP B EBHZDDT
F)IANWABRBENENIEEZRLTWS, T
NTOE—7 THEEZ N/~ ADVBP IZHLTYF

JUIANVARERODEEZ R RV HER SN,

Fh, 7742574703 bTT7T74012BNVWT 2
HZHESHBHIIBREESNZE—Y (K 3a D
Peak@, @K UK 3b HD Peak®, ®) IC&HE
N TW/= ADVBP O IV AREREIE, 1D2HO
E—2 (K 3a ¥® Peak DR UK 3b H®D Peak
@) THRTEWEWIERTH- 2. ZOKE
L, 774Z2T 427807774 12BWTHEE
Ny 77— BENERLTHrGHBELEZE—IIC
&, BHNY 7y —HBABEBRBRICHELEZE—7 X
DHT T IAINVARERTDOE N ADVBP 035
ENTWEZ EEZRL TS,
UEDEERENS, 75 /74 VAR TF R
EUHRELTHALEY 74 =254 270% b
T 74 X0/ ADVBP B, 75/ 7
AINARFICHUEWREREEZET S Z LA0R
TNz, AETHEES N/ ADVBP 275 /7
AINWVAMEMELTHWSE ZET, KPFRETA
W ABREEMCBRIEENEORRBNAETHS &
EZ2oN5. 5%, B587/k ADVBP OMoOmE
B MAED T A )L TR AT D W T
U, ADVBP WREEMR T A IVAREM E U TH
FAFRETHD ZLEHRTHIHENDSD. 51
ZRIEBRKKESB I OT 2 BESIET L0 &
», ADVBP O[FE, ADVBP BLETOHBERN
ADVBP 70—/ Y A5 LOEEEIToTY
<FHETHS.

5. &
TIALZTAPOINT I TLAICHNWEH T A
@O ADVBP WEEET T/ UA WAINEXTF R
IZH g amEEAWTHERLE., Z208%, Wik
BEIRHID S ORI 7 BhhG, T T4 =5
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B 4. SDS-PAGE ic&% ADVBP D4

BHERR. E—UBFFSRRIITHIELT

n5.

0.70

(a)

o o .92 o o
] W B wn %
(=] o (=1 (==
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=)
S

e
o
S

2
S

060 -

Absorbance at 492 nm/weight of ADVBP

@ ® ®
-0 B
X5. ADVBP O7 5/ 71 )V AR FHAEHE
F{H. (a) AD3 IZx$ % ADVBP Bt EEY
Z0DWNKE, (b)) AD40/41 T T B
ADVBP BEffEEBY-DOWNE. E—I&
B 3ITHic LT 5.



AZORMTTTLICEDT T IAINVASIERY 40/41 BONBRTF RIZH L THEaRI%D
25 N8 (Adenovirus-Binding Protein: ADVBP) 24895 Z &Ik L7z,

FIAZTF4 A NI T T4 IR0 DEBINZADVBP DS TR EZHTET 52912 SDS-PAGE
Bfiofk. 7742740 NT T 740 THRENYy 7y —BABRIIBSNEZE—JIXEENS
ADVBP OO TRBIZLE<S ML TWER, FORIHALEZ2D0E—7IC&EN5 ADVBP 0%
FEIZ67kDa LA T Th-o 7.

TILZT A ORI T T 4012k THBEENE ADVBP W75/ 71 VAR FIZxt U T
BEERT CEEMAT 2720I1C ELISA %7072, §XRTOY—7 THEENZ ADVBP 2B
TT7 T/ IANVARHT BREBRNBO N, £k, 774 ZTF4 70X M IT7010BT5E
WXy 77— A%, 2 HHEIFHICESNAZE—7IZEENS ADVBP &, BHNy 77—
ABZIIBONZE—VIZEENS ADVBP LD HHLNIEWT T/ UL IVAREREE TS Z
EAHERR I N,

KW THEES N/ ADVBP 13, 75/ 71NV ARCHTAEBRNEBEMEL T, U1 IVARSE
EMeRHERICEWTHHETETH R &2 5N,

B

EHFRO—EIE, R FEEREELE T N~ 3 CAHBEERHS (AN
MIRBAEHE) THEEY > RNV EICX2KEN S DAY IV ARKICET 5058 (RE
F o ORAER) BRUBAFMRIREAFLHFERMYSELBUE®) (VAN AREY DI EEM
W FRALBEAR D & ORI T A L ABRERM ORI BFFEARE  REEXR) X Tirbnk
LEZHRETD.
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