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Phage display has been utilized for making recombinant antibody fragments (Fab or single chain Fv) of human,
mouse, or other origins. After construction of an antibody combinatorial library, antigen-specific recombinant antibody
fragments can be easily isolated by biopanning of the phage library displaying antibody fragment fused with viral coat
protein III against antigen proteins, antigen-expressing live cells, or fixed cells. Using this technique, a variety of human
recombinant antibody fragments can be retrieved from bone marrow cells, lymph node cells, or peripheral blood cells of
patients with infectious diseases, autoimmune diseases, and cancer. To develop diagnostically and therapeutically useful
human antibody medicines, we should first select recombinant antibody fragments not only with antigen-binding activity
but also with bioactivity such as virus or toxin neutralization, or tumor-specific cytotoxicity. To achieve this goal, several
steps in antibody phage display may be improved: 1) a larger library should be constructed for possible isolation of
minor populations present in the repertoire; 2) the biopanning procedure should be improved for isolation of antibody
fragments reactive with immunologically minor epitopes; 3) the screening procedure should be based on the measure-
ment of the bioactivity as well as the antigen-binding activity; 4) if necessary, the affinity and specificity of selected an-
tibody fragments should be improved. In this review, I discuss how to isolate clinically useful recombinant antibody
fragments efficiently using a phage display system introducing our achievements.
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Fig. 1. The Electron Micrograph of Negatively Stained fl1 Bacteriophage Particle

This figure is adapted from Ref. 3).
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This figure is adapted from Ref. 4).
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Fig. 3. Schematic Diagram of the Panning Process
This figure is adapted from Ref. 5).
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Fig. 7. Map of the Expression Vector pFab-CMV Showing Functional Regions and Unique Restriction Sites for Cloning of HC and

LC and Excision of Ig y1 Constant-region Sequences
This figure is adapted from Ref. 6).
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Fig. 9. Reactivity of Anti-human Rotavirus Recombinant Fab Clones against HRVWa
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Table 1.
Rotavirus Recombinant Fab Clones

Comparison on Gene Usage and Structural Homologies for Heavy- and Light-chain Variable Regions of Anti-human

VH gene usage

VL gene usage

% Homology

Fab with germline

% Homology
with germline

VH Nearest JH VL Nearest JL
family VH VH VH family VL VL VL
DNA protein DNA protein
N6 4 DP-65 86.8 78.1 JH4b kI DPK9 97.2 94.7 Jk5
N8 4 DP-65 86.5 76.0 JH4b kII DPK15 96.0 92.0 Jk2
N27 4 DP-65 86.8 76.0 JH4b kIII DPK22 96.5 95.8 Jk2
N28 4 DP-65 86.5 76.0 JH4b kIII DPK22 96.5 96.9 Jk1
N31 4 DP-65 86.5 76.0 JH4b kI DPK9 96.5 93.7 Jk4
025 3 V3-21 91.2 86.3 JH4b kI L12a 95.8 92.6 Jk2
026 3 V3-21 91.2 86.3 JH4b kIII DPK22 96.9 94.8 Jk1
027 3 V3-21 91.2 86.3 JH4b kI DPK9 95.8 91.6 Jk2
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Fig. 11. Identification of Proteins Recognized by Anti-hu-
man Rotavirus Recombinant Fab Clones
Viral proteins of HRVWa blotted on the membrane were stained with
N28 clone (lane 1), 027 clone (lane 2), rabbit polyclonal antibody against
HRVWa (lane 3), or control (without antibody) (lane 4).

oM &> (Fig. 11).
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B5HDEHFEINS.

4. BEREICHTIE M) EF > Fab
DEREAZ B L 7Y ki

ARETIE, BEOZWLREICAERTEEE MG
REZEDREFEZBHIE L OO O D A% 7S
5.

41. HFEHELTD CDIS Hi[E  CDI8?
1%, H3 (85kDa: &1 JOIREESGENE) &
L# (40kDa: 12[FEEM@HL- VI /KT 2R
ﬁ~&)@«rmziwtbfﬁmémémﬁﬁﬁ
PR TH S, CD98 I, FFT T XTOMGEMAL,

WHER I Tl sk 2 2 i?%ﬁbfmé Ems,
BEFIIBONTIREREDENIZRDHNEE X
5N5. TNETIZ, CDISIZHTHYTIRAE/ Y
O—FI)LHRIEZEER TN TH O, 139 i3
RS sE AN 72 & DEMEEZFF DB DB HIEEI N T
W5, LALLM, WEZIZCDS IZHTSE b
RMFAREEEIC DWW TomEIIRW. 22 Thnbn
X, 77 =T 4 AT LAEICKD, CDI8 T L
TEWRREEHMMEZE L, EREICGH TREA
ERBIY O ESF >~ Fab 2189 5 Z &z 5HHE
L 7.

4-2. MALT ') > N\EZEREL - BEHDO BRI
SYEELIREERT 1477 —hOoBEBEL
Jar e+ b Fab OMRENR  C R RGE
T = — 7 L 2JE B B 12 Maltose-associated lym-
phoid tissue (MALT) U > /)\JiZz&PFL - EBEM
SR atMazEHEMEIE LT, PiRERT I
T —EHELE, FKERTy—2I10T 5
) —% CD HilH% > /N8 (Hi CDI8 HilkF v~
7+ — HeLa il i) 1L TS5 77> RN
2 EfFoEM, CDI8 ERRTHY A EF
N Fab 7 o—idEoniano/z. =T, CD98
I 1 HeLaS3 M O &ML Ic LTS5 7> KD
INZ 2T BfTo =& 5, HeLaS3 flfld & KIEd %
B¥DOYIEF > NFab o —2NES50 T,
=T AR OBR I NSO O3 2 T))
7O—2ThHhHIENHSNER->R, Ya2ESF
>k Fab O3 2H1H %A, HeLaS3 fifluz /=
I 1E K N LC-MS/MS TR L7=EZ A, H
WO AR VBB T A NV E T 7 2
J—ThB2T7FF VO TRETXF 2 A2
ThHBHIENRBEINL., BRI RF 2 A2
B —H—E L TOFERAEICODVWTHRFL TR F
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ETh5.

4-3. MALT ) > N\NEBEEHKNREEGF 717
FZ)—mMHLOHCDI8 )AL EF > b Fab BHEED
&, I —HDKRF Thhbiud, HPOEMNTH
27/ CD LT 51U a2 EF > Fab 2455
ZENTERMN ., Db, CDI8 &L
MGG 2 A5 5 €/ 7 0—F LUk
HBJ127 O#EzTFro—=>7&Ua>EF >k
Fab & L TOFBIZHKIIL TS, 19 Z Z T, Figini
SMIE > THRESINZYTXE® /7 O—F)Lik
BEFENARE L THIEFRE D RGTAZ (R
THHA RBERIEICL S CDIS By MY >
EF > b Fab OHEEHCDWTHET % 2 & %5
U7z, 37E, MALT Y >\l BH sk bikE iz T
747 7Y —® H#HTk% %27 0 — 21t HBJ127TH
BHICEEMA - TA-E bATOTAT T —0D
HERTHD. 5%, 71771 —% CDI8 hili
5 2INZEH B CDI8 B IC R L T/N= >
T EfF, CD98 MUtMEy O— > #HEEL, X 51,
HBJ127TH $#{%# & A H B S A 7 51U —ICiE &
Z, FBEICNZ 7 2T, CDIS b2t k
B> EF >k Fab ZHEIL TWELWEEZ
T3,

5. BHYIC

ik 7 7 =25 0 AT L A3, BSYE, HORE
PRI D 2 W EF OREu 5, ZWIBREIC
ARGERE MUHUREERT S HEE LTI
FHTHS., LrLEans, PEEEIEEICmAT
APEEEEDERDOE MIPIRER L <G5
WITIE, EBRRDOLZIRAT v TIZBNWT, H&IC
INCETRBBETH D, I SIEEETFLFENT
FEEAWT, BoniziifroiEs R W AXYRE
BAPED 172 &) oRERERTIN Gl i be 38 4 o 3
Win &) BTOBENELDZnE LNKRN, 5%
PUREIEDOBEIZDONTIE, HEORFHONEEL W
N, BER DDV FRERRERE S L ToReE
FIFARD Z— X35 %A RESRDLZIBOEED
N5, K, PURERKIZIZ MvE <, BEaHEN
RELBBRBREDFT AUy h&EfFD, X7z, BFHE
BN <ot T O—Y Y 571 DXL
WEDHIZX MEICHEZEHIT TV O0NBRTH
%, £ZAT, HOOREMALHRTHC ORI
ERRTLPUREENHEFETCENL, T—F— Ao

NEREDZ TIIRWEEA NS, DD,
DX S BEOERBITMT THE O IITHEZ
HEDTTEmNEZATNS.

HEE ABTEALEMEOIREEAER, #H
KL R BRI BN TIThN DT
HO, MEOWEZEHEZATWEEE L EKEKRE
(2 58 RS i s o7 58 751051 8 AR SR B AT R < T W 2
LEd.

7z, AROEITICHZ 0 ERPFTEELL TT
ROJW/e/2 & £ UIMERZESR BRRRSE
FHED) A IRBUR, IEMARFEEHET =AU
MORBEMREGE, SRERKFESTIEAR
SHEERT,  RKHH K 2 25 = R s e S A0 A= 32
BRI N £7.
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