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ABSTRACT

Background: Phage display is the most widely used technique among display methods
to produce monoclonal antibody fragment with a specific binding activity. Having a large
library for efficient antibody display/selection is quite labotious process to have more
than 10’ members of transformants. To overcome these limitations, several in vitro
selection approaches have been reported. Ribosome display that lirks phenotypes,
proteins, directly to genotype, mRNA, is one of the in vitro display methods. Ribosome
display can reach the size of scFv library up to 10" molecules and it can be further
diversified during PCR steps. To select the high affinity scFv from one pot library, we
established ribosome display technique by modifying the previously reported eukatryotic
translation system. Methods: To establish the antibody selection system by ribosome
display, we used 3D8, anti-DNA antibody. A 3D8 scFv was synthesized in vitro by
an in vitro transcription-translation system. The translated 3D8 scFv and the encoding
3D8 mRNA are connected to the ribosome. These scFv-ribosome-mRNA complexes
were selected by binding to their specific antigens. The eluted mRNAs from the
complexes are reverse transcribed and re-amplified by PCR. To apply this system,
antibody library from immunized mouse with terminal protein (ITP)-peptide of hepatitis
B virus DNA polymerase TP domain was also used. This TP-peptide encompasses the
57~80 amino acid residues of TP. These mRNA/tibosome/scFv complexes by out
system were panned three times against TP-peptide. The enrichment of antibody from
library was determined by radioimmunoassay. Results: We specifically selected 3DS,
anti-DNA antibody, against ssSDNA as a model system. The selected 3D8 RNAs
sequences from translation complexes were recovered by RT-PCR. By applying this
model system, we enriched TP-peptide-specific scFv pools through three cycles of
panning from immunized library. Conclusion: We show that our translating ribosome
complexes are well maintained and we can enrich the TP-specific scFv pools. This
system can be applied to select specific antibody from an antibody library. (Immune

Network 2003;3(3):219-226)
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E.coli W& phagemids transformationd}o] o] FoZlc},
21} transformation®] efficiency+= 1 g DNA® 10°~10’
Aol Eypstuz, 10° AR & Ao]=9 glo| g
SJHE HAZQ o 2= ofHrhQ2). ol & A3}
S8tk Aoz AA=E W Foll in vitro display B o]
2t} Ribosome display= Z| <ol H.31% A28 display
W O 2, in vitro display T WEZQ W o® A
At
Ribosome display©l] ]t &-A] A 7H78 2 Fig. 10114
HojFar gick. Zhghs] Ardsld, -4 PCRoll 23l &
DNAS| glo| B & vt o] #H42 phage displayell
A ol Fol2l Azt A o ol Ack). chir SIS
A A}e] 5° kol in vitro transcription?} translationol] 2
23t sequence”} 9%}l translation® THHA folding
< 13l 3> ko] HAg 7o) spacer7} HIXsHH stop
codon®] =5 A|ZHTH(7,12). o] E A A|ZH= DNA 2}
O]ELEJ 2| XE] in vitro transcriptions E3f RNAS &
31, tFA] in vitro translationd £-3f] &hAl] clud 2 S A =3k
E]- Translation & =< &%2] magnesium iongs *| 2|2
24 translation® 21'21] ko] ribosome, RNA 7|
complex (ARM complex; antibody-ribosome-mRNA)7} ©]
FOAEE gh3,7). ©] complex AEfollA] Lse= li-
gandol] T3k A& sto] A F S complex2] RNA
E3E] RT-PCR&}o] thA] DNAZ ZZA| 71t} o] 34
+ i3kl B4 ligandoll gk A F-A2HE SA1A17
© ZAo|th o] ;4L transformation FFo] GO in
vitro translationA] ribosome?] <A}ako] A|gF 247} =
b a2y AE3E translation kite] ribosome 7}
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A7 AAGe 2 glo] He |7l B S ohek3t
5101 A3k 4 e = 9lh@). 1913 Y muta-
tion-1kof] o]3k # 35} *k’q'c’] tHE display*d ol vl
A o] FARR9). L glell A I o] in vitrool| A o]
-,—OJXIUE in vivool| Al = v o] °]' 5471‘/]' ol&&, o
£ 5ol AlZol 24 & Ad ol FE 4ol 753t
1:}(13) w3k =2 AdE s A 'E‘ %L?ﬂ AW 9ol =
- A= X]"] S AHE = Jdoke 7HsA ol
A A =] A e}H9). Ribosome display OL“Q,% 71Z9] H o
Hlsl] & Ao]=9] glo] ] & So] 4] o] FojA
2, A7peAe} 22 83t ?l—Hl,JZ‘jloﬂ el A = wahA
Ql Aol 7 Zlo 2 7|Ht
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Figure 1. Processes of ribosome
display technique to select a speci-
fic antibody against a specific
antigen. See text for details.
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oA 4 UEF I3, C-ETllE
regionS spacer= —.—7} 01-04 heavy chain variable region¥}
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Table I. Primers used for ribosome display
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S3HE% 3D8 Abololl= His tags —’.‘—7}*]-°3\3]- K Constant
reglonvg spacerZ AH-23}7] $]3lo] v~ mRNAE
Z3l0] RT-PCRS £3] DNAZ ZZ3}glc}. ple20 3D8
plasmidlooﬂ/ﬂ 3D8 scFvE PCR< ©|-&3}o] 25 cycle 53
SE3AH1 cycle 94°CollA] 14, 55°COllA] 12 L&
31 72°CollA] 15-0|t}). o] ul], upstream primerZ HIS3DS/
back primer, downstream primer2 3D8C/for2} pfu DNA
polymerase (Bioneer)& ©]|-&3sto] A zA7} A A8t W
o g 34 3t Ck DNA S35 $13l], RNA puri-
fication kit (Amersham)E- o]-&3}o] v}~ wv|Alo 2 HE]
RNAE 23} 5, total RNAZ ] superscript II RNaseH
reverse transcriptase (Invitrogen)®} Ck/for primerS A8}
o] ¢DNAE $HAleldt). A=l Ck DNAE 5° Ckfback,
3’ Ck/for_XmalZ} Tag DNA polymerase (Bioneer)& ©]-$
ko 25 cycle®] PCRe 3FATH(1 cycle< 94°Coll A 30,
55°CoN Al 30x% ZE|la 72°CollA] 302rt}). 3D8C/fors}
Ck/back primeri= scFve] 3> Web3} spacere] 5° Hglho| A
2 18 nucleotides”} EYU3E=E t]xlelx]gic}, Al =3t
PCR-e $]3ll 5% 3D8 scFve} k constant region®] A&
= giet. =3 PCRE ST7/back (5’-end GCAGCTAATA-

A. Primers used to generate the 3D8 scFv DNA
T73D8/back

5'-GCAGCTAATACGACTCACTATAGGAACAGACCGACCACLCATGGACLCATC-3'

The T7 promoter sequence is underlined. Koazc sequence is indicated as box.

His3D8/back

5'-GACCACCATGGACCATCATCATCATCATCATGAGGTCCAGCTGCAGCAG-3'

3D8/for

5-GTTGGTGCAGCATCAGCCCGTTTTATTTCCAGCTTGGTC-3'

B. Primers used to generate the complete mouse kappa light chain

Ck/back
5'-AAACGGGCTGATGCTGCA-3'

Ck/for_Xmal

5'"TCCCCCCGGGCTCTAGAACACTCATTCCTGTTGGAGCT-3'

Xmal restriction enzyme site is underlined.

A. Primers used to generate the Vy/k library
'T7/back

5'-CAGCTAATACGACTCACTATAGGAACAGACCACCATG(GC)AGGT(GC)CA(GC)CTCGAG(GC)AGTCTGG 3'

Vn/for

5"TGAGGAGACGGTGACCGTGGTCCCTTGGCCCC-3'

Vk2/back
5-GACATTGAGCTCACCCAGTCTCCA-3'

Ck/for
5-GCTCTAGAACACTCATTCCTGTTGGAGCT-3'

LINKBACK
5-GGGACCACGGTCACCGTCTCCTCA-3'

LINKFOR
5"TGGAGACTGGGTGAGCTCAATGTC-3'
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CGACTCACTATAGGAAC 3’-end)¥} Ck/for_Xmal primer
7} E35 29t o 2 25 cycle®] PCRE 3} tH(1 cycle
L 94°Coll A 14, 55°Cell A 13 2|3 72°CellA] 15-0]
t}). 5% 3D8 Vu/k DNAE Smal restriction enzyme2-
E A" puCigell F2Jsto] 5709 E2YE Eelst
%t} PCRel 93l E% F-E-2] sequenceS ABI Perkin
Elmer automated DNA sequencer (Applied Biosystems)=.
Qlstgich

In vitro transcription/translation. Ribosome displayol] A}
43 mRNAE 7] $13te] Sequence’} #QlEl ZE9
plasmidE- Smal restriction enzyme 22 *] 2|3k F, T7 Cap
scribe kit (Roche)E ©]-8%}o] in vitro trancriptiont 3,
Flexi rabbit reticulocyte lysate (Promega)s ©]-83}o] in
vitro translations A]dBs}lAc}h HEEES 70 mMe] potas-
sium chloride 0.8 mM<] magnesium acetate s AF-2-}o] A
ZA7F AABE W o2 30°CalA] 1A 7E 59 HESA]
ZAt}. Translation®] ©H7 -2 anti-His antibody (Qiagen)S
0] 23 Western blotZ} [S] methionine (50uCi/ml, Amer-
sham)ell A5 whul2 o] X 7] d-5 ¥, autoradiography
2 3%Hals}girl. Western blot<> membranes blocking
buffer (3% (w/v) bovine serum albumin in PBS) %, anti-
His antibody (1 : 1,000 dilution with blocking solution, Qia-
gen)Z ZH7F 1A 7F 5t Aol A HAletdch X %,
alkaline phosphatase conjugated goat anti-mouse IgG
antibody (1 : 2,000 dilution with blocking solution)Z t}A]
1A17F 4ol A A 2] 3, BCIP/NBT (Sigma)E AH-£3}o]
A& Zlekgich

Translated 3D8 Vy/k®] ELISA (Enzyme linked immuno-
sorbent assay). Translation¥] 3D8 Vy/ke| Ag53S &
olsl7] $lslo] ssDNAE s o2 ELISAE Alsistsich
Microtiter platess 50u2] ssDNA solution (5pg/ml in
PBS)C. 2 FE3g PBSE A¥3 £ 3% (w/v) BSA
& 37°Cll A 1A17F blockingsl it} PBSE thA] Al1H £,
in vitro translation® 3D8 Vy/kE ice-cold PBSM buffer
(PBS containing 5 mM MgClL)oll =3}kslo] dtlo] &=
wellef] Hol 1A]7F 59F 4°CollA] vb-g-stde) Zh2h9
well2 PBST (PBS with 0.05% Tween20)% 33| A%t
%, anti-His antibody (1 : 1,000, Qiagen)& ] 2l3}Ac}. 4
ol 2] 1A17F A3t X, thA] PBSTE 33] A|X e &,
HRP-conjugated anti-mouse IgG antibody (1 : 2,000 dilution
with blocking solution, Zymed) & 2ol A 147+ X 2]k
o] ABTS (2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic
acid, Amersham) 7|2 & W AT E A9
Affinity selection. ELISAol| 4] AJe§3t o2 &d& 3
3}aL, blockingdt microtiter plateS PBSM (PBS with 5
mM MgCL)2 2 Al 3 1027 Do foll Hasgict.
Flexi rabbit reticulocyte lysate (Promega)sE ©]-8-3}o] 3D8

Vu/k®| in vitro translations A 3§t el oA 7| <3t
in vitro transcription/translation HH-&3} 72wl o g u}
A& FHlsto] 30°Coll A 2087 HH-S- A At BhE-
%ol 0°CY 1.5% (w/v) BSA7} €55 PBSM buffer=
7k %, gkdo] SE=o] 9l microtiter plateol] $7A
Atk Plate™ 1A17F &3 4°CollA] B8} a, Ao 2
A% PBSTM (PBS containing 5 mM MgCl,, and 0.05%
(v/v) Tween 20)2.2 33], PBSMC. & 23] A s}gich. Al
] & welloll Fo}l+ antibody-ribosome mRNA -3+
+ 200 ul 9] elution buffer (20 mM EDTAE- ¥3}3t PBS)
£ Ag3lo] slElA]7] &, RNA isolation kit (Roche)®
mRNAS A A3}

glol Hejgl & o] &3t AW Aol U SE TP-pep-
tideE A8}, translationol] Z}o] HE]g] RNAS AH-&-3}
ek
RT-PCR. Affinity selectione 71* 41" % mRNA<= super-
script I RNaseH reverse transcriptase (invitrogen)®} Ck/
for primerg Ah-&3lo] A|=A7} AAEE HPH 2 cDNA
£ AEAT) 3D8 scFve] Vie linker F-2-5 His3D8§/
back primer®} 3D8reffor (5’-end CAGCCAGGGAGGAT-
GGAGAC 3’-end) primer= 30 cycles%ﬂ’l’ PCRs}lo] ==
Eis=iel cycle% 95°Coll A 20%, 55°CollA] 40% 1e8]x
68°Coll A 15-o]t}).

glol Bel2] & o] 83} affinity selectionol]= RT-PCRA]
T7Ab/back¥} Ck/for primers A8} tl. g, Affinity
selection ==, WFE-2 o] AHS $J3) nested PCR HF-&
Algsladct. o] & Sl Chfor primer tHAl 2] AH 3}
Aol A= D2 (5’-end CGTGAGGGTGCTGCTCAT 3’-end)
primer, 38141 D3 (5-end GCCATTTTGTCGTTCACTG-
CCATC 3’-end) primers A--8-3}3ic}.
v~ W g Vgk DNA o]l B2l AA. Ribosome
display AlM o] &A| glo] Hejg|o| A & o] FoA]=7}&
sty flste] 54 G WAAT golBEE &
etk o g B 7k wlo|H 2~ DNA FHIEAL
o TP 944 5, 65 A Elo] 24 H-91 & £33 247) o}
vz Abo 2 A E slEfo] = (S’end biotin-KVGNFTGL-
YSSTVPIFNPEWQTPS 3’-end)S A|Zslaich AMelo] gt
Wl 2 2 2 neutravidin (Sigma)s A HEfo] =] Ntk
HBo] 9l biotinZt AR t}. Female Balb/c vF-$-2
ol 80 pge] TP-FE}o] =9} 400uge] neutraviding 5%
9] complete Freund’s adjuvant®} &3 slo] mpb-$-2 57}
Wl 48kt olojA] 35 HA R FHF dUE in-
complete Freund’s adjuvant®} =3tsle] F9)3}%ict. Wiy
H 4upe] ] whg2oll A B & Felste] ELISAZ 29
ELR b PATKC: P B e NI e I P S e R
v}, 22ld v]#Ao 2 BE] total RNAE RNA purification
kit (Amersham)E- o]-&3}o] E2]3}9 3, oFA] oligo (dT)-

¢

oL mt N



cellulose column (Amersham)S ©]-83}o] mRNAE £

st ek w2 Vg, Vi chains®] ¢cDNAE RT-PCRE 12
% T7 promoter®} Kozac sequences *3+3F Vy DNAS]
ZE5 9slo] T7Abbacky} VHffor primers ©]-83}o]
PCR&}1 3L, x chain DNAS| 35 $Jsled VK2/back®}
Ck/fforg ©]-&3lo PCRslSth. %% Vi DNA% «
chain DNA®| 7|z} Al AARE A-g317] 9o,
(GlysSer); & 33} 93-bp DNA linker (Amersham)E-
primers LINKBACKS} LINKFORZ o] &5}0] 25 cycled)
PCRS AJ3Bsldch(1 cycle% 94°Col| Al 18, 55°CellA] 1
i aelaL, 72°Coll A 1olth). ZH2e] S35 Vi DNA,
k chain DNA 2|1 linker DNAE A Als}o, T7Ab/back
9} Ckffor primerE ©|-&3}o] PCRE A z3} s}l A=
3lxl DNAE T7 Cap scribe kit (Roche)E ©o]-&3}o in
vitro trancriptiond}¢] ribosome displayol] AR-8-3}%t}.

A
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g~ W o] B 2] & o] 83 radioimmunoassay.
Microtiter platesE- affinity selectionol| 4] AH-&-3F vl 3} 7+
o] Zn]s}9lt}. Translation £&HL [*S] methionine (50
uCi/ml)E AH-&3}o] affinity selectionol] 4] AH-&-3F Wl o
2 A3} o). Translation BHg- 2%, 0°CY 1.5% (w/v)
BSA7} % PBSM bufferoll 41 3, u|g] 4°CollA 14]
7F 59t F8]% microtiter plateol| A HF-&-A]Z ). PBSTZ
53] A 5, AgE AS 4% (w/v) sodium do-
decyl sulfate (SDS)E AF-2oll4] Hg|A|7|3L, Microbeta
TriLux scintillation counter (Wallac, Finland)E- ©]-23}-o]
SAEE Sk

e 1}

3D8 Vy/k sequence ¥ in vitro 34 ¥ 3D8 Vu/k RNASH
scFv. |23 PCR & 2235 3D8 Vi/k 3D8 scFve}

Figure 2. DNA structure and se-
quence used for ribosome display
and i vitro synthesized 3D8 Vi /k.

Transcription A. Schematic diagram of DNA st-

start Protein coding > ructure for tibosome display. T7

h sequence promoter, the variable region of

T7| ATG Hiss V linke V C heavy chain, vatiable region of

” I T I " _ chain and the constant region of

_ chain denote as T7, Vu, Vk and
— TBD—WW‘;CK 308re/for — 5 CMmal Ck, rcspectivcly. Ck acts as a spa-
S?;back 5D8/for. Ci/back C?/f—or cer r§g10n to congcct the folded

protein to the ribosome. ILarge

arrows indicate the transcriptional

B Transcription start start and protein coding sequence.

5’-GGTACCCGCAGCTAATACGACTCACT; ATAbGAACAGACCACCAT GGAC

T7 promoter

[CATCATCATCATCATCATGAG. . ...
H H

H H H H

3 tag 3D8 scF

220K —p>
9K —P
66K —p

kb —p> 45K —p

500 bp—p>
30K — P>

20K —p

Small arrows indicate the primer
binding sites for this system. B.
Kozac sequence DNA sequence used for ribosome
display. T7 promoter, Kozac se-
quence, and His- tag sequences are
indicated. C. 3D8 Vu/k RNA. Af-
ter RNA transcription, DNA was
removed by DNasel treatment.
The transcribed RNA was deter-
mined by gel electophortesis. D. Iz
vitro translated 3D8 Vu/k. After

translation reaction, the translation

mixture was subjected to the 12%
SDS-PAGE, and detected by auto-
radiography. The translated 3D8
Vu/k protein was indicated as an
arrow. 'C rainbow marker (lane
M), luciferase as control (lane 1)
and 3D8 Vu/k (lane 2) are shown.
E. Western blot of 3D8 Vy/k.
Translation of 3D8 Vu/k RNA
(lane 1), translation without RNA
(lane 2), and translation of 3D8
Vu/k RNA with cycloheximide
(lane 3) are shown.
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mouse constrant region sequences 2F%138}o] (Fig. 2A and
2B), 370 H-$]ol| frame shiftL} stop codon] Ao ¢S
= &3k AF4% DNAZFE T7 RNA poly-
merase S ©]|-23}9 in vitro transcription® RNA-E- DNasel
o 2 Azlsto] templateZ A% DNAE A7 5, A
7199 E3te] P =T 2719 FEd RNA
bandE #2138} o} (Fig. 2C)

3D8 Vyk Az3 A5 d7] $ste] &elEl RNAE
rabbit reticulocyte lysate s ©]-&3}o] in vitro A s3It
3D8 Vy/k ThA o] A=A =7 Adslr] Hsle] F
7HA W& Aldskgle. 41, [S] methionine &2 3]
sho] A il S A7) od 53k ¥, autoradiography &
3holsl9d ). Autoradiography ol Al F 45 KDa2] ol 3=
3715 A band7} A=A}t (Fig. 2D). FHAE,
anti-His tag@} | & ©|-83}o] Western blots A 3§s}9 2
] o]ullol| = autoradiographyol| A #2% FL3g =7]9]
3D8 Vy/k2] band7} 2= it} (Fig. 2E). Western blotd
ol A& 3D8 Vyk %o 2 743 band7} UEREO L o]
B SANRTAANE e 379 band7} FQlE 2R
rabbit reticulocyte lysate AFA|ol| anti-His antibody2} ®F-g-
sl whiAo] gle Aow AZbE
3D8 Vy/ke] ZA35H ¥9l = ribosome displayol] ] gk
SolF A &l 4 F4H 3D8 Vi/k7h ssDNAC]
ZA%3E ELISAE 31sl3ich. ss DNAE o g A

23811 3D8 Vyk RNAZHE] in vitro translationdt 3D8
scFvE 33t Sl S |2 A28 ELISA ZZ}ol| A
translation¥] 3D8 Vy/ki ssDNA©|| Sol# A3-54S A
Y gl Aol Fals e} (Fig. 3A). ELISA 234
ssDNA7} 3D8 scFvol] Sol& o g 73tshs sholst &,
ribosome display & “&3}0] ssDNAoI| thslo] A&y oz
3D AL A= E7tE AdEirh. Ribosome
display9] selection?}d-& 7% 3 Aeix]l RNAZSE
RT-PCR #A-& &3l 3D8 F-AAE At in vitrooll A
1A ® 3D8 scFvE $-f+3F ribosome complexE ssDNAO|
HF3A171 & A3k RNAE RT-PCREE $oll= F3i3t
band & EH2lstA e} (Fig. 3B). Wbl in vitro 343 3D8
scFvE -3t ribosome complexE 24 thZ7-¢] BSAo|
HES-A17] ¥, RT-PCREF 7 -$-oll= 3|3t band7} H2 =]
%2om, 3D8 RNA7} A4 =] 2] 952 74 F-oll = A3 band
5 HEE 5 glodt o] A3 ribosome complextl €]
3D8 scFvAl 7} ssDNAol Agteh= 2 SHes Ao
2 ELISAZ 9} A X =t} 8} in vitro translation ©] %,
antibody-ribosome-mRNA complex”} A7} 59t 4]
HArke AL HolFH, ribosome displayol] 2sto] E4
ol Agtels Aol izt FAAE AdgF oz A
e ¢ d5E FHIE Aolrh

Ribosome displayoll &% W glolr gz A
=¥ A g9, Ribosome displayS 53l 3D8 scFval |

‘ 1 2 3

‘ Antigen ssDNA ssDNA BSA  ssDNA ‘
3D8 Vi/k RNA + - + +
Cycloheximide - - - +
A.
1.8

1.6 F []
Figure 3. Binding activity and
1.4 1 selectivity of 3D8 Vu/k through
ribosome display. Each reaction
1.2 r condition was showed as table. A.
ELISA of translated mixtures.
2 1 Translated mixtures with 3D8
T B Vi/k RNA (1, 3), without RNA
0.8 r (2), and 3D8 Vi/k RNA with
cycloheximide (4), were reacted
0.6 - with ssDNA (1, 2, and 4) or BSA
(3). B. Selection and amplification
0.4 of 3D8 gene by RT-PCR. Trans-
lated mixture with 3D8 RNAs
0.2 r (lane 1, 3), distilled water (lane 2),
and 3D8 RNAs with cyclohexi-
] == mide, were selected with ssDNA

(lane 1, 2, and 3) or BSA (lane 3).
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Figure 4. Analysis of enriched TP-peptide-specific scFv pools.
Recovered DNAs from each round of ribosome display were
used to analyze the presence of specific binders. Similar quantities
of DNA from each round were used for 7 wvitro transcription/
translation. The ['%SS] methionine labeled iz vitro translated protein
was bind to TP-peptide, and analyzed by RIA. Luciferase protein
was translated as a negative control (-). Ist, 2nd, and 3rd selec-
ted pool are marked as 1st, 2nd, and 3rd.
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