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Characterization of anti-mouse prion peptide single chain Fv antibody by phage display

Akiko Hachisuka®, Satoru Koyano, Yutaka Kikuchi, Osamu Nakajima,

Masayoshi Aosasa, Haruo Matsuda, Jun-ichi Sawada and Reiko Teshima

Antibodies can distinguish not only differences in amino acid sequences (primary structure), but also dif-

ferences in three-dimensional structure and thus may be useful for detecting the conversion of prion proteins,

especially in vivo. For diagnosis, we prepared chicken single chain variable fragment (scFv) antibodies that spe-

cifically recognized a prion protein using a phage display approach. As antigen, mouse prion protein (MoPrP)

138-153 containing YYR residues was conjugated with KLH. Total RNA was extracted from the splenocytes

of an immunized chicken, and the ¢cDNA of scFv was ligated in a phagemid vector. The phage display scFv

library was panned against the peptide antigen four times. Twenty-three scFv phage clones that tested positive

using ELISA with the peptide antigen were then reacted with recombinant mouse prion protein (23-231), mouse

brain homogenate, mouse neuroblastoma Neuro-2a, recombinant human V129 and M129 prion proteins, and hu-

man glyoma T98G using ELISA, immunoblotting analysis, and immunocytochemistry. The results suggested

that the scFv phage clones were useful for detecting mouse and human prion proteins.
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W&o~ AR RO L, MAIcEEsE, B
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1T R

G LRI IE, MoPrPD138-1537 F Y ¥~ 2 %
7 F K ®ONK IZ3-maleimidobenzoic acid N-hydroxysuc-
cinimide ester (MBS) % A \» Tkeyhole limpet hemo-
cyanin (KLH) % & & ¥ 72 & ® (KLH-Cys- IHF-
GNDWEDRYYRENM) % 7z, /3= 27 R UELISAD
BEFPURICIE, F—0~7F K% FEkIZovalbumin (OVA)
ICREE SEbOEAW. Mz~ ATV A Z
/X7 8 (tMoPrP) 23-2301%, FEH B0 HED &~k
BELTHERLE, U RA=a2—1 77X h—~vHlfatk
Neuro-2a (N-2a) FH3EMoPrP?®cDNA%, EcoRI& Ndelil
ALIZ X W pET-23biZffiA L, E. coli BL21(DE3)pLysS (Z
BB iE#1%, 0.4 mM isopropyl B-d-thiogalactopyranoside
(X0 EBFHFEEITV, FEBLL 72rMoPrP D ks 13 5TE
o7z, 129 B D a RoaiMetE Valof#ix & 7
VA #8278 (HuPrP) OFRSUE, 455 0 J7i?
WZHE- 7=

2. fuE

AARAMGL 7Ry (SEl, 1) [ZEREHNIZALUM (1
mg) EIEF1L7-5aE bR (100 ng) % @RI ss, 23
IR CEHEIEENIC % LT,

3. 77 =T 4 ATV AICK BscRviiian RS
RS DFE 1o T, RAEBEIAB D=7 b
U MM 2> & ARNAZ i L, WG EEsR &2 v T
cDNAZ & LT, HUik a2 a4 (VH) & OMESA(VL)
BEFEZZNZENPCRTHIER U > U — (GGGGS); &
7 v T IVPCREATVY, scFvigfn 747 7 U —%AE
L7, scPvilifa 1% 77—V R % — pPDS I
#IAZ (Fig. 1), =L 2 huaRLb— 3 IZEYE. coli
XL1-BluelZ JBE G L 72, ~—7 7 —IVCS-M13
(Stratagene) JEYIZ LV K58 RIEHICRBL S E 7 7 —
VT4 ATV AscEvIA T TV =N, HURXTF
R (OVA-peptide) 1Z%f L C 8= 7 %247\, Rk %E
BfE L7z, R=v 7% T7A4 77 Y=, ELISATER
PURICRE L CHBMERIS 2R T 7 7 — VT 4 A7 LA scFv
iz @yl L7,
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Fig. 1 Schematic diagram of phage-display vector pPDS

cDNA of immunoglobulin variable regions obtained
chicken spleen cells by RT-PCR (top) are assembled into
scFv expression form. Assembled scFv ¢cDNA (middle)
is ligated to pPDS at £agl and BssHII sites (bottom), then
electroporated into E.co/i. Recombinant phage displaying
antibody fragment is prepared by helper phage infection.
VH, variable region of Ig heavy chain; VL, variable region
of Ig light chain; L, linker, (GGGGS)3; E, Eagl site; B,
BssHII site; R, ribosome binding site and leader sequence
of gene Il ; Cx, constant region of Ig kappa chain; gene IIl ,
g3p of M13 phage.

4. ELISA

BMPUR E LT, PUR~NTF K (OVA-peptide 2.5 pg/
ml in PBS) %96/,X 7 L — MZ50 pl T >imL, 4CT
—®&=a—1hFL, 0.5% BSA-PBSTT v ¥ J/th, 77—
UseFVIURV IR & FOS S iz, ZWREUEICIET v Y
7 A AT 7 A=Y ¥~ v ACHK (x1/1000,
SouthernBiotech) , £:2 (2 /dp-nitrophenyl phosphateZ H\ >,
405 nmDOWLEIZ LV JE L.

5. 44A/78y kK

t™MoPrP, ~ 7 R B 53 fe MM R sIE 43 % 35 5C T C Rl
WAbt, RTUARREST NV UL - RYT 7YV LT IR
7 VERKE) (SDS-PAGE) %17\, = hrtE/lr—2
JEIZER G4, 7 7 — VseFvPURIRIR 2 MOt S8, 21k $HL
WIZT NI Y T AT 7 2 —BIE# Xhi~ 7 ACkHUR
(x1/1000, SouthernBiotech) % V>, 7/ B U 74 A7 7
Z—VHEx v ;b (BioRad) THHALL .
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6. fElBiLe

N-2a #ifa Ot 7 U A —~<Hild (T98GHIM) % 78
N=U UEEL, 77— VUscFVHLIRAEK 2 SIR0 S 1,
AL Tmy NEREBRIZATE L L7,

7. 77 —UscFVildD L —o T2

ELISACTIME L e o727 7 — UseFviiiik 7 o — o D
v— 2 x> %, BigDye terminator cycle sequencing
kit } 13730 Gene Analyzer (Applied Biosystems) %
WA T2 Tz,

(BERRUZEZ]

1. 77— scFviiifan sl
S5PHO=v ks VIZHURESEGE L, & OPUAM % Bt

Table 1 Characterization of phage anti-PrP scFv antibody

AT F RICH T AELISAIC K WlllE L= 24, 2T
D=0 N TEANRRD LN, RbLHUEMAS LR L
=7 F) OMEMIENORB LT 7 =TT 4 AT LA
sCPvZ A 77U —%RAWT, FUFANTF RIgk L TR=
VU ERARRDIR L., BURANTF FICKIST 57 7 —
VscFvPL IR D EHEI1X, ELISATHER L1z, /=711
H 0.0375, 2[5 H 0.0445, 35 H 0.105, 47 B 0.121
L, ELISAOEIZEIE = ER D HIC EH L, HBPUER
BEESNTWS Z ERBO L. 3R EEKU4EH =
VIBETAT TR0 -y I T v
LC7 7 —UscFviiliAER 2R L, R~ TF FEW)
tMOPrPIZ%f ™5 St Z ELISA TR, Bt & 7R L7223 7
o— %5 L7 (Table 1).

H Chain Clone ELISA Immunoblot Analysis Cytochemistry Total

Peptide rMoPrP rMoPrP Mouse Brain | r HuPrP (129V,| Mouse | Human | Reac
L Chain Ne. (138-153) | (23231 | (23-231) | Homogenate 129M) N2a | TosG | tivity

8, 11, 14, 15,
Hi1-L4 1.60-2.04 0.33-0.59 708-1096 112-199 ++ +, ++ ++ +++
21, 35, 38
H2- L4 43 1.46 0.50 890 303 ++ +++ ++ +++
H1- L2 9 2.00 0.39 938 31 + +
H2- L2 18, 44 1.80-1.96 0.19-0.43 361-1006 22-71 + +/-, + ++ +
H5- L2 2,23 1.62-1.86 0.32-0.56 767-840 38-69 +, ++ ++
H4- L2 5,7, 24 1.58-1.96 0.38-0.51 745-1041 32-144 +,++ A+
H4- L1 3,4 1.00-1.59 0.11-0.40 26-1002 0-147 +-, + +/-, ++
H3- L7 19 1.60 0.36 836 138 ++ ++
H3- L3 22 1.74 0.42 908 143 + ++
H3- L5 26 1.53 0.30 641 121 + +
Hi- L6 47 1.27 0.41 772 154 ++ ++ ++ ++
He6- L8 25 0.84 0.71 0 0 +/-
1,6 0.06 0.06 0 1-2

Number of H and L chains are shown in Fig. 6. Values of ELISA and immunoblot analysis are expressed as absorbance at 405 nm and
arbitrary unit, respectively. Strength of total reactivity classified from the comprehensive analysis result.

2. 77— scFviiiE D RISk

BHNT237 a—2r D7 7 — VseFvPLIRTE IR O FGS
ZELISAIZ X W HIE L7z, REDMoPPL Y, XTF K
PRI L CRIR238R < HH DA 235789 Hiv7z (Table 1).
AL/ 7y MEICEY, MoPrP, ~ 7 & JJF ] 4y
K OYHuPrPIZ %F 9~ 5 IS PE % 3 X 7=. rMoPrPiZ %t L T
%, 27 @ — 350 b OO TOELISAME Y v —2 T

tMoPrP D43 T &23kDAF T2 /S KA H S 417z (Fig. 2).
~ U ARGy & ORI bR TE 2 (Fig. 3). —A&D
P OAIZ LY, Ry FIREIEL 20, 77—
scFVPILIRIZ & N TV ACkEIR S, 2fEay hr—A T
LI Bz, £, rHuPrPO 129MAL L WAL L 4 &
FOSHEER LT (Fig. 4).
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Fig. 2 Immunoblot analysis of recombinant mouse prion protein
using phage scFv antibodies
SDS-PAGE was performed using 16% acrylamide gels.
rMoPrP was loaded 0.2 pg per lane. For immunoblot
analysis, the proteins in gel were electrotransferred to
nitrocellulose membrane. The membrane was blocked with
0.5% casein-PBS, incubated with phage scFv antibody
(1/10 culture solution) for 2 hours at room temperature,

@
3

washed, and reacted with alkaline phosphatase conjugated
goat anti-mouse Ck (1/1000, SouthernBiotech) for 1 hour.
Vizualization was performed by alkaline phosphatase kit
(BioRad). A phage scFv antibody of clone No. 6 was used
as negative control.
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Fig. 3 Immunoblot analysis of mouse brain using phage scFv
antibodies
Normal brain tissue from Balb/c mice was homogenized
in 9 vol of 0.32 M sucrose containing 1 mM EDTA and
50 mM Tris-HCI. Homogenate was centrifuged at 1,000
x g for 5 min. The supernatant was centrifuged at 10,000
x g for 20 min. The pellet was resuspended in the same
buffer, and an aliquot of equivalent to 2 mg wet brain was
loaded per lane. The SDS-PAGE and immunoblotting were
performed as described in Fig. 2. Phage scFv antibody of
clone No. 6 was used as negative control.
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Fig. 4 Immunoblot analysis of recombinant human prion protein
using phage scFv antibodies
E. coli strain BL21(DE3)pLysS transformed with HuPrP-
129M or -129V was analized. The SDS-PAGE and
immunoblotting was performed as described in Fig. 2.
Monoclonal anti-PrP antibody 6H4 (Roche) was used as
positive control and phage scFv antibody of clone No. 1
(ph-01) as negative control.

WIT, EEEMRRMII ST 2 MUSEEZ R~ ~ v
AN-2aflClx, BEEXIRO 7 a—r ke fash
oo 7o, ELISARPESZ v — 2 T3/ m— 2 bR &
207 v—>r Yt Itz (Fig. 5). BUGPEIX, ~ 7 2K
BEmSCktd 54 L5 7oy MECEEIL T, B b
TI8GHIAI T, FEEEDFERTH T,

Fig. 5 Reactivity of phage scFv antibodies to moues N2a cells
Mouse neuroblastoma N2a cells were cultured in MEM
supplemented with non-essential amino acid (Gibco),
10% fetal calf serum and 100 pg/ml kanamycin at 37 °C
in 5% CO2. Cells on cover glass were washed twice with
PBS and fixed with 3.7% formalin for 15 minutes at room
temperature. Fixed cells were blocked with 0.5% casein-
PBS, and reacted with phage scFv antibody (x1 culture
solution) at 4 °C overnight. Cells were washed with PBS
and incubated with alkaline phosphatase conjugated goat
anti-mouse Ck (1/1000, SouthernBiotech) at 4 °C for 2
hours. Vizualization was performed as described in Fig.
2. Cells were stained by phage clone No. 08 (left) and not
stained by phage clone No. 01 (middle). Right panel is a
photograph of phase-contrast microscopy of the same field
as shown in the middle panel.
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ELISAM1:23 7 v — > D KSPE A Table 112 F & 7.
K &E3 T ATR LT 7 — UscFviLiklE, 1 4/
71y FTOMoPPORR BRI T, BEMEXIRE L
THWZ6HATIK (Roche) &, [FISLL Lo S % =
L7z,

3. 77— scFvHEDEGFE T

Bt 7 o — > OscPvififk D v — 27 = ZDfER, VH
D7 X BEANII6EETH Y, germline & D AH FIEIX
77 ~80% ThH 7= (Fig. 6). SFIEOVHRETIX, 73
J BBECHINFI2 5 & T AIXSEFTOATH Y, 3HEFTOHE
/14 TR 1E $E 38 (complementarity-determining region, CDR)
BN THEWAHFEMELS L bz, VLIZSFHEE T, ger-
mline & O [FPEILT6 ~ 81% Tdh - 7. THEIH DOVHE
TiX, 3EFTOCDRI2FEIET2THRIED T X/ WM A —T
otz WgHEH, FrxmOHEEER LN, —HEET
OFRE, F—07 a—r b SIERERIC X S
AL LR SN,

CDRL
AVTLDESGGGLOTPGRALSLVCKASGFTFESYNMGIVROAPGKGLEFVAGIDNTG : RYTGYGSAV | 6.

VH Chain

VL Chain

Fig. 6 Amino acid sequences of anti-PrP phage display scFv
Germline sequences were shown at the top line. CDRs were
surrounded by boxes. Amino acid identity to the germline
was shown by dash. The absence of corresponding residues
was shown by colons.

4. HIRRTF RIZTDNT

PURIZIE, mPrPicBW T, EFEEClo~Y v 7 At
EEERY, BEATIEpY— MEEZERY, FHikL BHE
MWD EHEE ST DERSIYYRO) A& T0138-153 7%
YT 5T F REANE. ZOWALE, ~ 7R &
b hC2EEER 2 B8 (Fig. 7), 4B, 77— YscFvii
23, HuPrP& b RAEGT 25 Z ERBO LN Z & h
b, toBFE L b RIS D FTREED RIE S vz,

138 153

mouse, rat, hamster IHFGNDWEDRYYRENM
sheep, goat, rabbit

human, bovine

Fig. 7 Sequence homology of prion peptide antigen in various
species

R EEPEVEA IR RE 1T, PrPod — A& IS EWIE 2 <,
EUAEEEERZOFREEZ 2 BN TWDI), #HiED
AR T 2RO L ED LN TS, HiPrPHL
RKEA A=V ZEICRAWD DI, BRSO
WG, BEMET TR, MAMEEE R, BN
LEETHD. 4k, BEREZR LI DT N
W, AEIERLL fzscEviLiR O 434 % Hiiz L7 IR
WNEIREDHIEZIT> TV PETH .
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