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Construction of phage display for identification of algal proteins responsible for the

inhibition of coagulation
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ABSTRACT; Seasonal overgrowth of cyanobacteria such as Microcystis aeruginosa (M. aeruginosa) is one of serious
problems in semi-closed water area including reservoirs. It is known that algogenic organic matters (AOMs) bring about the
inhibition of coagulation on the flocculation process in drinking water treatment systems. Our previous studies have shown
that some kinds of protein in AOMs are responsible for the inhibition of coagulation, although the mechanisms of the
inhibitory effects of algal proteins remain unclear, In order to reveal the inhibitory mechanism of algal proteins, it is
necessary to identify the algal proteins closely related to the inhibition of coagulation. In this study, phage display using the
genome of M. aeruginosa was constructed to extract algal proteins that exhibit the inhibitory effect on the coagulation. M.
aeruginosa cells on steady growth phase were collected, and genomic DNA of M. aeruginosa cells was extracted. Then,
extracted algal DNA was digested by the restriction enzyme Sau3AlL The phagemid vecter named pSKANS-EWQ was
newly created, in which BamHI recognition site was included as a single site for the restriction enzyme. Digested genomic
DNA of M. aeruginosa was ligated with pSKANS-EWQ, and the ligated phagemid vector was used to transform the
competent cells of E.coli IM109. The cocktail of phages displaying algal proteins was obtained by introducing the helper-
phage (VCSM13 Interference-Resistant Helper Phage) into the transformed E. coli cells. It was confirmed that obtained
phages are able to infect E. coli. IM109, and transtorm E. coli. cells into the ampicilin-resistant strain. This thing indicated
that the phage display system for algal proteins was successfully constructed. The phage display established in this study will
definitely contribute to identifying the inhibitory algal proteins on the coagulation, and revealing the inhibitory mechanism in
the further study.
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I eI N TORWODEBHERTH S, AOM ICLDEHEMET, BALE DI AOM ZEHERH
DETEE DSEARFZIRB LN AOM 12K ATFEHRIBOEOMEIZ LS S W HWTHIH 548 2, THEARYE O
THEGB LM AR S B LT, ENE AL LB T DA S A ER ST

FTARIE T, BEERESEYE & LTRSS D EICER U, 7 2\ BIEEHEO T
A TH0, AOM DEHAWEF Img I 4epgN SFNTLR EWHINTWS I F, REERRIC
RESNBLDIT, YN0 HADHERE LSBT DAL H D J &S, slidpky 2/ H
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I3, BT A DNA BiRZ 77— 3 RAZ Y — G SE, RIBBICEABRIVS—T 7 — D% KIEH
IRREER D, A= T7 7— UHSRIBEIZIEAT S DNA [ERIBHENTF 7 7 — ORI Y >N BER
RICEETH—F, 7770 DNA 77 =PI PRI —-InS5OBHZOND, Tr—TPI RIS
—IZIZEEES )/ DNA WIEREA SN THY, TOEARNN T 7— P ORTERSY 2 /7 EOa— R
WTHD0, EEIND 77 7 —VOBMESEHES N BMEREND. 20%, 177 —PE
KN TARICEESNABEOBEIC L > THRESND . LahisT, 77— 4 A7 L1 Eigs
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T DT OY TG T 4 RO TERENCEERESN Y > N EOMENTIRETH S 2 &, BHENE
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BT 5315, Microcystis aeruginosa 9 DNA
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LI MRERETHIETHS. £ BA., QNVIS—T 7 — T ORBREAOBEEB L O—AH
DI=HDE #E LT, SIIEHENE DNA DIEA. @N—7 57— DNA IZEB T 77—
WG SEREIR Y SN HE DT DR S >N EDBR. @7 7— P2 R Y—H3kD
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2.1 FROEEDIUHIRER

ARUFE TR, BEINEZER T & THSNTWDERIAD Micocysts aeruginosa (EUT M.
aeruginosa) (NIES91) TH%. M. aeruginosa i ' (LI MA i) 300mL (248 ’kf 75‘: smL AZ1, W
4000 (12 BRI 25°C, #R&D Sompm OR(MFTHEEEL. PINIEZEIZIE &I LR
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& 500ml —f47 5 A0 3 DEAWTENENSEL, Y2 FIVRICBTSENThO 007 )b a %
WIE U7z, EE (BRI S 15 BED WL M. geruginosa % 0.45um DA TL 2T 4 W —TAiR
U, A EFS S 720 > TV R IS TS 5 2 & THAZ [ U 7z, R0 L 72 sdrmifn 3-80°C TR
L, AR L TRz,
2.2 BES/ L DNA OB L HRAL

M. aeruginosa (377 LIEMAITH B W2 XM5, DNA #ICIE 7 = /=) « 7 0RIL AfEEE R U
7. WL 72 DNA I8 U CRIBRBER 25 LT 37°C T | B > F 2 X— R L, DNA U772 fin
T, BEERORLS D07 /=)L« 7OV B LTy J— )itz -7
2.3 77—T 3 REAXRIH—pSKANS-EWQ DHIH

RERTEARY F—E LT 77— 3 R pSKANS (Mo Bi Tec, Germany) %M. pSKANS & HfilkRER
Sacl BE Kpnt #IEEGL 37°CT | WS >Fo2X— kL, pSKANS 2B S EERICTINT L. KIZHK
U AR ET P, FO%RE | IRUERSVETED BemHL 1 REBST 517 —EHWT PCR (95T
5y, 55C30 7, 72°C6 3% | YA ILELTER 30 Y1 Ul 5 ZET, Bamll F1 b &EM—OHRRES
T E UTH TS pSKANS #EIHL 72 (DA% pSKANS-EWQ). 0%, YR BamHl ZiEEL T
CT 1 B > FaxR—hU7z 7o/ - 700RVAREBB LIS /—)b BT L - TR E I
DRV EE, BRIKENE] PAHBI LN ROFNE pSKANS-EWQ OHHITH D S.6kbp 10T B0
% GFX™ PCR DNA and Gel Band Purification Kit (12428, Amersham Pharmacia Biotech Inc) & HW TR L 72,
F0t% pSKANS-EWQ D FUMARE AME LT A7~ a3 V&P, ST TRIBRIZEA L. RiEES
>N AAZ—=ING BamHI U1 NERFD pSKANS-EWQ % Miniprep DNA Pusification Kit (9085, 4715731
AR EAE) BT - FB-L~Z. JRICDNA 2— 722 271080 pSKANS-EWQ DFHE 5% 7
L, BamHI B NSHENCEET TS &AL~

71 pSKANS-EWQ RIHERRIC BT PCR THW= 75 < —OHRHEEF.
TIAR—% RS (503D
PSKANS-EWQ Primer! TGCGGATCC*TGCGACGGCAACACTTACCCG
PSKANS-EWQ Primer2  GCAGGATCC*GCAGTTGTAGCATTTAGCTTCACGAC

* BamHI T K

2.4 pSKANS-EWQ OFHHE

pSKANS-EWQ & HlfEfEER BamHI &IEA LT 30CT | BT >Fan— L7 FOBREBEEIN0R
OIZ7x /=L 7 ORIV AR LTS S = VIR T T KICED) U E o, 20EY
x /=) s Ol LBEB IO ) —VigE fo 7
25 Ty—ITA4 AT LA DOHE

22 BL 24 THSIVBRET ) L DNA Wi BL 00 pSKANS-EWQ Z 473 b4 TIRE L, Ligation high

(LGK-101, HER#EHUEAD & 100l 12 16°CT 1 BT A &' — 2 a > & T 721, E coli IM109 Competent
Cells (9052, 71 7N1 AR 1TEATZ/EODON T oA T4 —A—La 2 &{To FI2ATF
—A— g ImL DB 100ul 7 S L ERED I XLB EARMITHE, 37CT #EL TG
AOZ—%2f . bI AT F— A~ a EOIRD 900ul iEEBENICTIE L2 I XLB R 10mL
IZ100g/L DT ) 2 ioul EIITINZ 37°CT Wit Lz, KIZ, B~ II/X—=T 77— (VCSMI3
Interference-Resistant Helper Phage) 10ul. ZINA, 37C T Mg L7z, £O#, L8R 2 [7l (354, 7000
Xg, 4CHBETN30 7, 10000Xg, 40T TEEREHEEL, HEETT2 7 7 —VEMNTAHZETT 7



—DF 4 AT VA 10mL 2872 Ty — DT 1 A7 LA OERICERTIL ThW G, Bohkzrr—2
RN SRS U7BRIZ pSKANS-EWQ AVKISEICIEA S 4, pSKANS-EWQ DFF DT K1) Mkl
FOEFEIED T 282 1) D EE T CTABEPARIRES /25, £ 2T | XLB iAtE#E 10ml W T 37°C D5
BRT Wb L KBS LTS o7 7 =25 0 AT LA BRI 10uL % 1009/l Q7 > ES) 2 10ul
EHITIA ITC Tk L.
2.6 77—TT4 AT VA RERER

2.5 TS NIZF T 7y — P2 HWT T v — VT 4 AT LA RO DD T A T 54— A—3
PRSI £ 25 TN LT 7y =25 ¢ AT LA A 0.22um A > 7L 27 4 )5 — (MILLIPORE,
Treland)iZ & 3 AET0, BELAN > ABEEROBR ZETF 7 7~ 0REFUAKEERL .
ZFOWH, F7y—-TERGOAK 10ul & LB Bt d E. colf IM109 Competent (10ml) IZESNL, &5
2783 2 10l A 3TCTINMREET A & T 77— VA2 RBRIER S B, 208 E
B Y L EEE I XIB BRSO AL 37C T RS, KIBR IO —REsHEL 7

3. BRLER
3.1 BHOEESB LUHIRER

M. aeruginosa \2& BT 7T 4 AT VA OBEETIH7-DI01E, 4/ A DNA ZRHE<EUITTE 55
HIRCBWTHIREIN T 5 Z EATE L L. LSBT, BRGNS 15 HEIZBW T 007 )b a 38
P Q9mgl) ZRLIZZEMS, ZOWREETHE A UBERE 045um ATV T W —
THWTH LRV M. aeruginosa ORMIRAZEBILL 7=,
3.2 EE4/ L DNA o#itB I Ot

AN S T )L - 2 ORIV ABHHRRIC L O S 12 DNA LT 07% 7 A n— A5V
SHKEREAT o Fofb, WIS TV / & DNA 13 23kbp DL EORBRICEBER S 4V (M4, L—2 1) 77
—UIRARZ Y- DNA Wi ZRGS 8520100, YISO NOBARNE - THh 208015 5.
YT/ I DNA YT 572 0DI0RER T Sac, Kprl BE Sa3AT O 3 FEAOTBERE R Z W2, Sad
BE Kpnl 1T 6 HILHEET DNA 2T BBERTH D, pSKANS 78 Sacd B bBIU Kpnl 1 FEHL
TWB I EMBEAUR. —F, SadAlld 4 HILENEC DNA 20K 5725, JOEERRICHEIES/ . DNA
EUWT A EARRETH DD Ui, HIFREESRLEE U729 o U LT 0% 7 o — 25 VBRI

- M
—h

1./ ADNA

2. ;H{EDNA (by Sacl)

3. H{EDNA (by Kpnl)
4. ;8{EDNA (by Sau3Al)

4 M aeruginosa 7/ [n DNA OBZIKEFRER. 1— 2 1 I3l DNA,
L= 24 [ JNEFT Sact, Kpnl 355 SaudAl TH{L X 317/ DNA.
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BRI To R, Sad TIX DNA NFEAEEWEAT (4, L—22), Kpal THHTHLA DNA 23]
a4, L—23) TENERINZOIZHLT, SauBALTH 2kbp LUFIZ DNA AT E41C
WBZEMHERE N (M4, L—24). Sad BITNKpnl 13 6 FHGEET DNA 2T SHEREERTH 0.,
B 7 [y DNA HIZEEAIINE & AV EHTEL TS 7o DI L T, SadAL 13 4 HFEEEETOMTd 5720
TEREIADE <TFEL TWE D EEZLND. SadAl LSS [ DNA Bi/vE T 7 -3 R
DE—=EDTAT— i a AT
3.3 7y7—Y3 BRI 5—pSKANS-EWQ DAIH

HHR L 72k DIZEERY /Ly DNA &7 v — 23 RS —ERFOSIE5I0, Ui FJTUDU) 0 LIOHRS
M - THELERSD. LN, SaldAl TUESNZ#81 /L DNA & 77— 32 R &0
SHLDITIE, SadAl &R QYN LR E L/ 5T BanHl 1 b7 733 BRY & —{ilIOHE
EB. HEHE pSKANS 121 BamHl B FAVHE LR, AUBRTIE BamHL V1 M EFFD pSKANS-
EWQ % PCR IZ& DARNT 2 EEE -7, PCR 0 pSKANS 12U T7 A o—ABRUKN &> 7=/
MR TE (5) OT, pSKANS 17 BamHl -1 FAMEA 41 pSKANS-EWQ MRS &H5A S
Uz ZOFRTT pSKANS-EWQ [ JEHEIRTH S T &hs, HUFBITTRRIZTS-007 15— 2
‘/ém: BUTTKRIGRIZBAL, KBEICHEI L. pSKANS-EWQ #FIHL/-#, DNA >—7 T3>

12D pSKANS-EWQ DOHARSIZME L/mE 25, Bamtl Y1 MAEPICTFEL TWD ZEMMEEEN

7‘: (B46). T pSKANS-EWQ & BamHI THTL, 1) S EELERE] PNT A 7 —2 a TR

v /B'lmHIﬂ'/( k

- BA i
23kbp . ¥ L C D) |
9 4kbp \| —
omEE Dk
\ .. FEATYASs
6.5kbp —_1 AN <
4.3kbp — /
|
2 . 3 kbp 5602bp CulEI ori
Zkbp Ampk
5 PCR #%0 pSKANS-EWQ OYELIKEIkEE. 6 pSKANS-EWQ MDiffn .
L= 1 I PCR IZE DES Tz pSKANS-EWQ. Amp® : ampicillin resistance, ColE1 ori : plasmid origin of
KEME PCR 12k - TS 172 pSKANS-EWQ (0 replication, Ap, : A-promoter, ompA : signal sequence for
frEZ#ET. secretion, hPSTI : gene of the human pancreatic secretory trypsin

inhibitor, pIll : gene for the phage coat protein II, cat,,,
chloramphenicol resistance is inactive due to an amber mutation

3.4 T7y7—IT 4 AT VLA OHE

A/ I\ DNA W71 & pSKANS-EWQ Z s TRE (K 2) 15— a L&, ST Tho >
AT g A= a L EFFOTRER, M. aeruginosa 7/ I DNA DT 751 EUTAGEI O~ 56N
(RN, T2 a P L AR 0 OB a0 =R O 28 (Clonesipl) SEFEL, TR
REL 2 ITRLZ. INKORY I—8NEWERNEY O— 2 ENZ N EWDRPRTHIN SN, NIy
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—ENZNEEZIERINDZERBRIY—DHUHRLTUEDS I &ETHS. LnL, a2 ho—)Vidk
EUTHEICII RS 29> TV O — Y 1.4X10%lones/ul. TH >z EWDFERNS, ¥
> TIUSTES N 1.5X10%onesiu. D7 O— D55, BCHRULESDIIFENTH D EEZ LN
.

F537 1.5X 10%clonesiul. DRFMEY O— D NG IO =—DHIING 20 ERIERICE Y 77 v 7L,
DNA > —27 I i X ORI EMER L& 25, 20 (AETHZDESINY pSKANS-EWQ (ZHHAIA
FNTNWDZ EEMALZ. Y 00— 4 Iclones/ul |3, #4557/ L DNA Wil Z#5( S §72 pSKANS-EWQ
M 1clonesiul AEET 5 ZEZEKL TS, b I AT H—A—a VT T L— M7z 8 > 7 ILEN
L IINBESED 1 HTHBHTE, BLOGEZ O— 2 EARKT 1.5X10%lones/iul. 1554172E 05 &M
5EZDE, RERTIL 10%clones/ul. DA —F —TEFELARIREEVT ) L DNA W) 173 BUTFIC KIGEICEA S
TW=bDEEZ 51, M. aeruginosa \ZFET 557/ LNDNA 71 75 UHREES N bD B Z ST,

WITEREHR Y SN EEAER I/ 7 7 — DR 2SR 5720, DNA T4 75 )R OREGH
IZANWIS—T 7 =PSB, RIBEIESR L ANIVN—T 7 — D37 7 — kL FORSRS >N B %
LHETHEHEEELTWED, FOEEENEL EWI ENS, NUN—T 77— HEEABRNTIE S
AETELIRN. KRIBEANOANIVS—T 7 — DRG0 5 —IE#%, RIFERATRRICEE L M
aeruginosa 7 ) NBEN M. aeruginosa BIRSY 2N EERRFET 5T 7 —VEKIBREBREHT 5. BOEEE
AN SD T y—2BINT S ZETT 77— & EUL .

K2 IAM5—Ta oY TIVoORE LB O— .
Bty O— 8 L1351 7 —a ik 1l Y20 0KgE IO
——

HTN DNA N7 & —&/  TE*R Bt 7 o— 2%

5 (1) [§73)) (@73)) (clones/ /¢ 1)
® 1 1 8 3.3X%10'
@ 1 g 7 2.0X10!
® 1 3 6 7.5% 10"
@ 1 4 5 8.0X 10
® | 5 4 1.5X10°
® 0 5 5 1.4X100

%

“10mM Tris- 0), InMEDTA —
M gL (ptl 5.0« EMLED 7 M. aeruginosa /) 1 DNA

ST,

35 T77—IVFA AT VA HRRERRER

34 THNEN 7 7—2FT 4 AT LA 7% 0.22um A2 TL 2T NVF—TAEL, Bk
Ty —=PDRHEZUY U TNEHNT KT VAT +—A—a &> ZOFE, 12(£05) X 10" CFU/MmI
OAAZ=ESNZ. DT EE, 022um AT L2 T4 IV —TOA MBI WFY > TIHIZTF 77—
COVEFELTHEO, ZOFT7 70T 52 ETABENY > ES ) DMt GL, 7o ES ) 44
TR COBGEATIRE S 2o /2 T E &R LTS, O EETabb, AUBEORIE L Z@Emksy /Xy
BT 7—T 4 AT VA OBRIIRN L2 EBRLTWSESEAD. 4, 774274703875
7 4 BAWTEREEEIL M. aeruginosa RS >IN BEEGR U T 7 — P DN S EEEEICH 5T %5 >~
INOBEMEET 2 77—V 08, BEEHERRY NV BHERET 5 LNTRETH S LEZ 5N 5.
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4. §he
FHEHEZ AN ARy L BICEI L, FORERHME LT 7 —UF 4 AT LA OfE%

kAT, A TR SN RBRIC DV TR FICE &z,

* M. aeruginosa % MA BEEHURCHATE 40001x (12 BFHIBARD), #iAE 25°C, #RED 50mpm OFRMTHEEREL
%, TDY /L DNA ZHH U7 RS, 38 03kbp LA LSRN / L DNA A5 7

© M. aeruginosa 77 In DNA EREGESEBDITNNET 77— 2 RS & —pSKANS 12 BanHI 1 %
AL 72 pSKANS-EWQ ZHi7/-IZAlH L 7=

< Ty —T3 KRR Y—pSKANS-EWQ 1738157/ L DNA B2 850 Ltk KIBEIOEAL, S8/
ADNA T4 75 BHBELU. 2O EE0My O— 803 15X 10%ones/u]l T o7z, BEY /7 L\ DNA
AT INSIHERZ 20w 77w 7L, DNA v~ L2 2 T K ORISR L e b2 A,
S CHEBBRFEA LTV BNt o— 2 BEEH LAY IV BERER TS &, AT
10°clonesiul. DA —5 — THHLAL/ZERE / LDNAFF B KIRIZEA SN O EEZ 615,
M. aeruginosa VBT B4 /I DNA 1 77 DICANWS— T v—DBRRIELTET, Vy—P5 4
ATV ML, Boffcy 7—2% IXLB WHETHEELARBREICY > Uy s EcAz
%, VELUSTHE N TERE -, ZOE, 12 (£035) X110 CFUm OO0 507,
IDTEVE, 022um AT LT 4 NI KB BEBO 1EY S VI £ = VINMEELTBD
TOFT 7= B D ETRBEN T B it EEGL, T8 LAHE FTOMFA ]
BERHEIEERLTNS, TOIEETRbt, ARRORELZEEHEY VNI ED T 7—o T
4 AT VA DRERITRIN L= Z EBRLTWA EERD.
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