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ABSTR<\CT 

A generic strategy was established for subcloning the VH and VL gene of antibody mabl domains into the 
pia mid pA K85 for the expr ssion ofFab antibody fragmen ts. pASK85 bear c ding equences for murine constant 
domains including a His6-tag at the carboxy-tenn inal end of the constant heavy-cbain d main. The VH and YL 
gene derived from the monoc lonal antibody E2/B5 specific towards 2,4-dichloropbcnoxyacetic acid (2,4-D) were 
used in this rudy. Eschericia oli was used as host cells for the bio ynthesis of the Fab-fragment. The Fab
fragment wa sub equently purified from the periplasrn ic ex tract in a single step by immobilised metal-ion affin i 
hromatography (IMAC). The production level obtained were 0.5-0.8 mg purified Fab-fragments per liter E. coli 

culturc. TIle ensit ivity and cro 's-reactivity of the Fab-fragment detennin~ by direct competi tive ELISA were 
similar to tho of th par ntaJ monoclonal antibody E2fB5. 

Keywords: 2,4-D. antibody, competitive ELISA, Fab-fragment, I1vlAC 

fNTRODUCT10 N the antigen is scarce, in table or unavailable, and 
it is also possible that the ant ibody fragments 

Recombinant antibody fi-agments gain in may loose thei r original an tigen affinities. 

comparison to immunoglobuUn antibody mole- everal purification tags, such a E-tag (Malone, 
cule increasing importance as bi logical recog 1994), FLAG-tag (Knappik & Pli.ickthun, 1994), 
nition elements in irnmunoas uys and immuno- Strep-tag (Schmidt et al., 1996) or Hiso- tag 
ensors design, since recombinant antibody frag (Skerra et aI., 1991) enable simple purification 

ments arc amenable to refinement by means of of single-chain Fv antibody fragments without 
genetic engineering. For instance the antigen changing their binding properties . However, 
binding- ite can be m dified to improve the affi single -chai n Fv fragments show practical 
nity towards the antigen (Cbowdary and Pastan, disadvantages, since they often possess lowered 
1999' Kusharyoto et al., 2002) or to cbange the affi ni ty towards the ir antigen and were reported 
specificity t the analyte (Iba et al., 1998: to tonn oligomeric structures (Griffiths el al., 

Miyazaki el al., 1999) . 1993). On the other hand , non-linked Fv 
The bacterial production ofantigen-binding fragment. show a tendency to dissociate into the 

immunoglobulin fragment in a functional state variable domains (Breitling & Diibel, 1997). 
was achieved by co-secretion of the two chains Thus, for the study of na tive antigen-binding 
of an Fv or Fab-fragmen l e ither into the properties, Fab-fragments are the molecule of 
cytoplasm or into the periplasmic space of E. choice due to th ir higher stability (Skerra, 
coli (Breitling & DUbel , 1997). Since then a 1994). They are compo ed of two polypeptide 
variety of different F and Fab-fragments has cha ins, which are covalently connected by a 
been produced according to the trategies. disulfide bond and behave as stable globular 

Fo r the purification of recombinant protei ns. 
antibody fragments from bacterial host antigen 2A-Dichlorophenoxyacetic acid (204-0), 

affin ity chromatography ould be used in orne which is extensively used as herbicide for 
case . However, its application is restricted when controlling weed, exhibit several toxicological 
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effects. Due to its mob ili ty and widespread 
appl ication, 2,4-D causes contamination of soil , 
ground and urface waters. Co n ven t ional 
methods for the detec tion of 2,4-D include GC 
or HPLC, w h ic h need an extens ive sample 
preparation to reach the r quired sensilivity. As 
an t:ffective alternative to instrumental m ethods, 
a fa t and sen hive procedure for the detec tion 
of2,4-D i provided by immunochemical a says. 
In the past, iml1lunoas ays for detecting 2,4-D 
were descri bed using polyc lonal anti era (Hall 
ef al ., 1989, Matuszczyk ef 0/ ., 1996) or 
monoclonal antibodie (Franek et at., 1994, 
Gerdes et al., 1997). 

Immunochemical assay is limited not only 
by the specific ity and affinity of the antibody 
but also by its availability in large quantities . In 
lhis paper, the preparation or a 2,4-D-specific 
anti bod. Fab-fragmcn l using recombinant 
technology. its purification by immobilised 
metal-ion affinity chromatography ([MAC) and 
its utili. ation in EUSA are described. 

MATERIALS AND METHODS 

Chemicals 

Horseradish peroxidase (HRP). rabbit anti
mouse antibody (RAM), ampici lIin, telramethyl
benzidine. 30% hydrogen peroxide and imida
zole were obtained from Sigma-Aldrich 
(Dei enhofen . Gennany) . N -(Dimethylamino
propyl) -N'-ethyl carbodiimide hydrochloride 
(EDC), N-Hydroxysuccinimide (NHS). Tween 
20 and all buffer . alts were purcha ed from Fluka 
(Buchs Switzerland).2.4-Dichlorophenoxya
cetic acid and its derivatives were available from 
Riedel de Haen (Seelze, ermany) . 

Synthesis of the hapten con.iugate 2,4-D
HRP 

For the ynthesis of the haptcn conjugate 
2.4-D was coupled via its carboxyl group to HRP 
by carbodiimide/N-hydroxysuccinimide (Martl
bauer and Terplan. 198 ). Bricny. 2.4-D (100 
l14ffiO I), HS (130 ~mol) and D C (40 ;40101) 

were mixed in 1ml dried dimethoxyethane .After 
1 h stirring EDC (130 'lamol) was added and 
stirred for 4 h to obtain the NHS-ester on,4-D . 
To a solution or HRP (0. 15 Y.! mol) in 0 .5 ml or 
0.1 M sodium carbonate buffer (pH 8.5) NHS-

ester olution was added drop-wise within IS 
min. The m ixture was then stirred for 2 h at room 
temperature. After centrifugatio n the oluble 2.4
D-HRP conj ugate was purified by means of gel
filtra t ion on Sepbadex G- 2 5 in a PO - IO 
column(Amersham-biotech, Uppsa la , Sweden ). 
Construction of the plasmid pASK85-24D 

The antibody va riable light and heavy chain 
gene were subcloned into pASK85 which wa 
designed for tlle bacterial expression of Fnb
fragments (Skerra, 1994). The V L encoding gene 
of the 24-0-spec itic antibody was amplified 
using the primers 5,,-GACATCGAGC 
TCACCCAGTCTCCATCCTCCTTAT CT 
GCC-3., and 5,,-CTTCAGCTCGAG CTT 
GGTCCCC CCTCCGAACGTGTACGG -J .. 
resulting in the re triction sites Sad and Xho[ at 
the 5,.-end and tJle 3 ,-end of the VI coding 
sequence, respectively. To (' reale the re tricLion 
sites Pst} at the 5,,-end and estEll at the 3,,-end 
ol"lhe VII c ding eqLlence, the VII gene was am
plified using the primers 5..-GAAGTTAAACT 
QCAGCAGTCAGGACCTGAGCTGGTGAAG
.,3 and 5,,-TGAGGAGACGGT GACCGTG 
G T C C T T G G C C A G T A A G C - 3 '" 
respectively. Enzyme recognition sites for Sad, 
Xlwl, P,(I and EstEl [ for in ertioll into pASK85 
are underlined. The amplified genes of the 
variable regions were puri fied by electro
phoresis on a 1.5% agaro e gel and subsequently 
extracted with QIApr p Spin Miniprep Plasmid 
I olation Kit (Qiagen, Hilden, G rmany) 
according to the manufacturer's in tructions. 

The purified VI ampliticati n product was 
dig sled with th restriction cn.t:ymcs Sad and 
X71O[, whereas the purified VII gcne wa. cut with 
P II and B t 11. After another eJectrophore i 
on 1.5% agarose gel, the digested VL and VII 
genes were isolated with Miniprep Kit. The VII 

and V I genes were consecutively ligated by T4 
DNA ligase witl1 the correspondingly digested 
vect r pASK85 . The ligation product was 
purified by agarose-electrophore i and 
subsequent p lasmid isolation wilh Miniprep Kit. 
E. coli DH-± ceUs were tran ronn d wi h 2 i141 
of the purified ligalion product designated 
pASK85-24D by heat- hock at 42 "C for 45 sec. 
After growing the transformed cells overnigbt 
at 37 "C, colonies were picked for plasmid 
extraction and subsequent sequencing, wbicb 
wa · performed by uing ABl PRISM 373 
sequencer and dye Lenuinator cycle sequencing 

Annale ' Bogoricn. cs n.S. vol. 10 no. I. 2005 24 

http:Bogoricn.cs


kit \ iLb AmpliTaq-D A polymerase (Applied 
Biosystems). 

Expression and purification 

The vector pASK85-24D wa transformed 
into the expre sion ho t celL~ E. coli JM I 0 1 by 
heat- hock at 42 for 45 ec. E. coli JM I 0 I Q 

harboring the expression vector pASK85-24D 
were grown on LB plates containing 100 \t4g/ml 
ampicillin. Single colonies were picked and 
grown 0 emight in 10 rnl LB containing I 00 ~gI 
ml ampicillin at 30 °C. This culture wa then 
diluted I :50 with LB-mediLlm containing J00 
Y4g/ml ampicillin, grown at 30°C in 2 I shaking 
fia k to an ODsso of 0.8-1.0, after which anhy
drotetracycline lBA, Gbttingen, Germany) was 
added to a fina l concenlrati D of 0.1 Y4g/ml and 
growth was continued for 4 h. The cells were 
harve ted by centrifugation (5000 g, 15 min, 
4°C) and then re uspended in 50 mM PB 
containing 300 mM NaC! . After addition of 
Iy ozyme to a fmal concentration of 0.5 mg/ml 
and incubation at room temp rature for 20 min. 
the u pension was sOl1lcaled to isolate the Fab
fragments , which were expressed in the 
pcriplasmic space of E coli. 

Purification of the Fab-fragment was 
performed by immobilized metal-ion affinity 
chromatography (lMAC) on TALOWM chro
matography matrix (Clontech. Heidelberg , 
Gennany) . Four ml of the matrix were loaded 
onto a PD- L0 column and equilibrated with 50 
mM PBS pH 7.2 containing 300 mM aCI. Ten 
m1 periplasmic extract from 0.4 I culture were 
applied to the col umn. After washing with 40 
011 of the same buffer the Fab- fragmen were 
eluted from the column with 100 mM imidazole 
in 50 mM PBS pH 7.2 containing 300 mM aCI. 
Removal of the imidazole wa performed by gel
filtration on Sephadex 0 -25 in PD- I0 column 
lIsing 50 mM PBS pH 7.2 as eluent. 

ELISA 
The IC

50 
values (concentration at 50% 

relative ab orbance (B1Bo) of the calibration 
curves) were determined by direct competit ive 
ELlSA. In all steps a volume of200 Ill/well was 
employed. After each incubations the microtiter 
plate (MaxiSorp, NUNC, Roskilde, Denmark) 
was wa hed five times with PBS pH 7.2 
upplemented with 0. 1 % Tween 20 . The 
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microtiter plate well were first coated overnight 
at 4°C with rabbit ant i-mOll e antibody (RAM; 
11lg/m1 in -0 ruM carbonate buffer pH 9.6). The 
Fab-fragments (0.2 \l4g/ml in 80 mM PBS pH 
7.2) were then bound LO the RAM by incubation 
for 2 h at room temperatm e. The enzyme tracer 
was mixed with a eria l dilution of tbe hapten 
and incubated in the well at room temperature 
for 1 h. After incubation of 200 III of th color 
reagent (400 Y41 TMB-solution (6 mg TMB in I 
rnl DMSO) and 100 \141 of 1% HP2dissolved in 
25 ml f 50 mM Na-acetate buffer pH 5.5) for 
15 min and lopping the reaction with 100 fll 1 
M H SO the absorbance in each well was read 1 4 
at 450 nm, with 620 nm as reference. Cross-
reactivity was calculated as the ratio of the IC 511 

value for 2,4-D to the ICso value of the cross
reacting herbicides. The limit of detection was 
determ ined by substracting the threefold 
standard deviation (error probability = 3°1< ) from 
the maximum relative absorbance (Matu zczyk 
ef af., J9( 6). 

RESULTS AND DISCUSSIONS 

Subcloning of VII and VI. encoding genes 
into pASK85 

The plasmid vector pASK85 is a general 
vector for cloning and functional expression of 
recombinant antibody Fab-fragments in E. coli 
(Skerra, 1994). The vector bears coding se
quences for the C

H 
I domain ofmurine class IgG I 

in luding a His
6
-tag at its ~arboxy-tenninal end 

of the constant heavy chain domain. The Light 
chain domain ofpASK85 ends with the equence 
for the murin\.: C. constant domain . To obtain 
the vector for the expression of 2,4-D specific 
fab-fragment the antibody variable light and 
heavy cha in genes derived from the 2.4-D 
spec ific monoclonal antibody were subcloned 
into the expres ion ector pASK85. The tran fer 
ofV and V ~enes into pASK85 is schematically11 L ~ 

shown in Fig. 1. 
PCR amplification of the gene encoding 

the V II and V I regions were performed se
parately. The primers were de igned to anneal 
at both ends of the variable gene , within 
framework region 1 and 4 of VII and those of 
VL' The amplification reactions created ingular 
restriction ites Pstl at the 5,,-tennillllS and BstEll 
at the 3,,-tenninus of the VI-! domain, and Sad at 
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the 5,,-temlinus and XhoJ at the 3,,-temlinu of 
the VL domain, respectively. After purification 
and extraction, the amplificat ion products were 
subsequently digested with the corresponding 
re triction enzym s and inserted into the vector 
pASK85 in two consecut ive reaction; the 
digested VB gene wa first inserted into pASK85, 
followed by insertion of th digested VL gene 
(Fig . 1) to accompli sh the Fab - fragment 
expre sion cassette. Sin ce the subcloni ng 
primer. were designed to anneal with in the 
flanking regions of murine variable genes the 
described procedure can be adapted to tran fer 
the VH and V I. genes from a phagemid y tern 
such as pCANTAB 5 E (Malone 1994), pHEN
1 (Hoogenboom, et al., L991), pSEX (Diibel et 
al., 1999) or pCOCK (Engelhardt et al., 1994) 
into the expression vecto r pASK85. T he 
subcloning procedure will be accompanied by a 
change from tbe scFv format to a Fab-fragment 
which is enabled by the pre ence of murine 
con tant domains on pASK85 adj acent to the 
cloning . ites. In ontrast to scFv fragment, which 
is stabilised by an arti ficial peptide linker, the 
Fab heter dimer is stabilised by a ph sioiogi al 
disulfide bridge between the can tant domains 
(Skerra, 1994) . 

After transformation of E. coli OH5± cells 
with pASK85-240 two independent clones were 
anaJyzed by ONA sequencing of the variable 
regions, which revealed that the sequences were 
simi lar (d a ta no t shown). The amino acid 

equence of the VB and V L domain of the 2,4-0 
specific anti body Fab- frag mcnt a nd th e 
assignment ofth complementarity detenninin g 
region (CORs) ar shown in Fig. 2. According 
to the amino acid sequence, the binding-site of 
2,4-D is formed by CDR Lt, CDR H I and COR 
H3 with short loops consistent with tile fact that 
hapten coupled directly to the marker enzyme 
during imm uni zation will b bound in the 
binding-site in fon11 of a shallow groove. 

Expression and purification of the Fab
fragment specific towards 2,4-0 were perfo rmed 
a described (Skerra, 1994; Kusharyoto el al .. 
2002 . The ingle His

6 
tai l fu sed to th C

terminus of the heavy chain confers sufficient 
affinity to immobi lized metal ion in order to 
enable affin ity purification of the fun ctional 
recombi nant Fab-fragmC:llt to hom gen ity. 
When the periplasmic cell fraction of E. coli 
containing Fab24D was applied t the CO iunll 

containing TALONTM matrix, a chelating resin 
composed of Sepharo. e activated wi th carboxy
metbylat d aspartic acid and charged wi th C02-"

ion, ingle prot in fraction was obtain d with 
imidazole elution (Fig. 3). Thus, the Fab-frag
ment was efficiently purified in a single step [Tom 

the peri plasmic extract of E. coli by using [MAC 
on TALONTM matrix. 

In SOS-PAGE, a doubl band co rres
ponding to a molecular mass of approx imately 
26 kDa was observed due to reducing condition 

PCR amplification and cloning of VH-geno 

acFv-Construct 

pASK86-240-Fd 

PCR amplification and c loning of VL-gene 

--E3--i V!j r VL I I- .cFv-Conatruc:t 

.a. -
I V L I 
I I 

S ac I Hla&X,OI •I 
C H 1 pASK85-24D-Fob~I QH II HI VL II CL II-

Figure 1. Steps for subcloning the Y
H 

and Y L genes derived from the monoclonal antibody specific towards 2,4-D 
into pASK85 
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Light Chain 
10 2 0 30 40 50 

I I I I I 
DIELTQSPSSLSASLGERVSLTC RSSQDIGSSLH WFQQESDGTIKRLIY ATYNLDS 

CDRLI 	 CDRL2 

60 70 8 90 100 
I I I I I 

GVPKRFSGSRSGSDYSLTI SSLESEDFVDY YC LQYASFPYT FGGGTKLELK 

CDRL3 

Heavy Chain 
10 2 0 30 40 50 a 

I I I I I 
QVQL QSGPELVKPGTSVKMSCKAS GHTFTVYVIS WVKQRTGQGLEWIG EIYPGRGSIY 

CDRHI 	 CDRH2 

60 70 80 ab 90 100 11 0 
I ! I I I I 

YNEKFRDKATLTVDKSSTTVYM LSSLTSEDSAVYFCVT YGYAF- AY WGQGTTVTVSS 

COR H) 

Figure 2. Amin at id sequences of the VB and V L domain of the 2,4-D-specific antibody Fab-fragment and the 
as ignment of the complementarity delenruning regions (CDRs). 

97 

66 


45 

31 
~Fab 

22 

14 

M CE FT W1 W2 E1 E2 

Figure 3. 	SD gel electroph resis of the purification of Fab fruf,1Jllen t Fab24D by using IMAC on ALONT'1 
matrix . M: marker, CE: cell extract, FT: flo w-through. W I. W2: washing step I and 2, E I, E2 : elut ion 
step I and 2 
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for SDS-PAGE, which cleaved the interchain 
disulfide bridge between C and C 1 domains 

L H 

of the antibody. The production levels obtained 
were 0.5-0.6 mg purified Fab-fragments per liter 
E. coli culture, which were considerably lower 
ompared to the production levels (3-4 mg!1 

cuJture) of the atrazine-specific Fab-fragment 
K41 ] B (Ku. hary to et al. 2002). ll1e difference 
in the production levels could be solely due to 
the difference in the amino acid sequences of 
both VII and V L domains (Knappik & Plucklhun, 
1995) between the atrazine- and 2,4-0-specific 
antibody fragments, ince the VII and V L gene 
of the atrazine-specific antibody were subcloned 
witb the ame procedure into the vector 
pASK85. 

The functional characteristics of the Fab
fragment w re determined by a direct 
competitive ELISA. Rabbit anti-moll e sera 
proved Lo be a suitable reagent for the 
immobilization o[ the Fab-fragments onto the 
surface of the MTP well . 2.4-0 wa u ed at 
different concentrations and the 2,4-0-HRP 
tracer competed for the binding ites of the 
immobilised Fab-fragments . The normalised 
ELISA curves hown in Fig. 4 were obtained 
after optimising the concentration of Fab
fragment as well as the 2,4-0 -HRP tracer (data 
not hown). The ELISA for 2,4-0 howed an Te)I' 

100 

80 

60 
%8/80 

40 

20 

o 

value of 13.7 nM (3.4 \l.tg/ l) 2,4-0 , and a 
detection limit at 10 % inhibition of 1.1 nM (0.24 
\l.tg/I). which were similar to the values obtained 
possess similar ensitivityand electivityas the 
parental monoclonal antibody. An important 
aspect in environmental analysi concern the 
long-term stability of antibody fragments. The 
fragment hould retain their biochem ical 
activity upon torage at lea t for one year if they 
ought to be integrated in extensiv monitoring 
programs or upplied on pre-coated sensor chips. 
As shown in Fig. 5, the recombinant antibody 
Fab-fragment Fab240 showed pro longed 
tability upon long-term torage at 4°C. 

CONCLUSION 

A generic trategy has been estab lj' hed 
for subcloning the YH and YL genes ofanlibody 
variable domains into the vector plasmid 
pASK85 for the expression of antibody Fab
fragments in E. coli. The ease in production of 
Fab-fragments ill large quantities and the 
similarity in sen iti ity and cro s-reactivity 
between the Fab-fragments and their parcnLaI 
monoclonal antibody and tbe prolonged inte&'lity 
ofFab-fragll1ents will facilitate their availability 
for the development of immun sen ors. 

i· -!~ ....~__ 

Analyte concentration (nM) 

Figure 4. Nonnalized calibration curves of direct-competilive ELISA with the Fab-fragrnent f-ab24D for 2.4--D 
(_i. 2.4,s-T (e). MCPA (A) and MCPB CY). Dilution oCthe enzyme tracer: I :5000; error bars: range 
of triple determinatioD. 
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Figure 5. Stability-lesl oflhe Fab-fragment Fab24 0 UpOD long-lernl storage at 4°C. The concentration of the Fab
rragment was adjusted lO l. Y-cglml in PBS buJfer (80 mM. pH 7.2). The solutions of Fab-fragmenl were 
stored at 4°C. Dilution of the enzyme tracer: 1'5000; error bars: range of triple det rmination. 

Table 1. Cro s-reactivity of the Fab-fragment Fab24D towards om major derivative of 2,4-0. 

Herbicide Structure ICso (nM) Cros -reactivity (%) 

2,4-D 
CI-Q-OCH2COOH 

CI 
13.7 100 

2,4,5-T 

CI 

C~CH,COOH 
CI 

5.7 16 

MCPA 
CI-Q-OCH2COOH 

CH3 

44.2 31 

MCPB 
CI-Q-O(CH2bCOOH 

CH3 

806 1.7 

Annnles Bogorienses n.s. Yol. J0 no. J, 2005 29 



ACKNOWLEDGEMENT 

The author would like to thank Prof. R.D. 
Schmid from Univer ity t uttgart for the 
pportunity to perform th i work in hi labs, Prof. 

A. Skerra from T Munich for providing the 
vector plasmid pASK85 and Dr. T. Bor cher 
from ICB, ni ersity Mun ter for providing the 
genes cncodina the VH and VL domain of the 
2,4-D specifi antibody. 

REFERE CES 

Breitling, F. & F. Dube 1. j 99 7. Rekomb illullfe 
AntikiJrper. Spektrum Akademischer Verlag, 
Heidelberg-Berlin. 

Chowdary, P.S. & r. Pa ta n . 1999 . Impr v ing 
antibody af mity by mi mi cking somatic 
hypermuultion in vitro. Nat. Biolechnol. 17: 
56 -572. 

Engelhardt. 0., R. Grabherr, G. H immler & F. Rtiker. 
1994. Two tep cloning of antibody variable 
do m ains in a phage di play vector. 
BioTechniqlles 17, 44-4 6. 

Franek M., V. K o lar, M. ranatova & Z. 
Nevoninkova. 1994. Mon clonal LISA fi r 

2,4-Dichlorophenoxyacetic acid: Characteri
zation of antibodies and a say optimization. 1. 
Agric. Food. Chem. 42: 1369-1 374 

Gerdes, M., M . Meusel & F. Spener. 199 7 . 
Development o f a di placement immunoassay 
by exploiting cross- reactivity of a monoclonal 
antibody. Allal. Biochem. 252: 198-204. 

Giersch, T., K . Kramer & B. Hock . 1993 . 
Optimiz t ion ofa monoclona l ant ibody-based 
enzym e immunoassay for the de tection 
terbuthy lazine. ci. Total Environ. 132: 435
448. 

Griffith ', A.D., M. Malmqv ist, J.D. Marks. J.M. Bye. 
M.J. Embleton, 1. McCafferty, M. Baier, K.P. 
Holliger, B.D . Gorick, N.C. Hughes-Jones, 
H.R. Hoogenboom & G. Winter. 1993 . Human 
anti-self antibodies with high pecifi ity from 
phage d isplay libraries. EMBO J. 12: 725-734. 

HaU, J.e., R.J.A. Deschamp & K.K. Kr ig. 1989. 
lmmunoassays fI r the detecti n of 2 4-D and 
picloram in river water and urine. 1. Agric. 
Food. Chem. 37: 95- 108. 

Hoogenboom, H., A . Griffi ths, K . Johnson, D . 
Chisswell, D. H ud on & G. Winter. 199 1. 
M ul ti - ubunit prote in o n th su rface of 
fi lamen to us phage: methodo logies for dis 
playing antib dy (Fab) heavy and ligh t chai ns. 
Nucleic Acids Res. 19: 4 133-4 137. 

Iba, Y., N. Hayashi, J. Sawada, K. Titani , & Y 
Kurosawa. 1998. hanges in the speci ficity of 
antibod ies agai nst ste ro id a n tigen s by 
introducti on of muta tion int complemen
tarity-determin ing regions of the VII domain . 
Prot. Eng. 11: 36 1-37 . 

Kusharyoto, W., 1. Pleis , T.T. Bachmann & R.D. 
Schmid. 2002. Mapping f a hapten binding 
site : molecular model ing and s it e-d irected 
mutag nesis rudy ofen anti-atrazine antibody. 
PrOf. Eng. 15: 233-24 1. 

Koappik, A. & A. Pltickthun . 1994. An improved 
affin ity tag based on the FLAG peptide for the 
detect ion and pur ificat i n of reco mbinant 
antibody fragmen ts. Biolechniqlles 17: 754
76 1. 

Malone, J.A. 1994 . pCA TAB 5 E: a vector 
designed fo r the expre sion o f an tibody 
variable regions as phage-di p layed or oluble 
si ngle -cha in p roteins (sc F ) . Di rec t Sub
mission, Ph rm c ia Biot ch Inc . 

Matuszczyk, G, D. Knopp, & R. ieBn r. 1996 . 
D ve lop men t of n Ell S f or 2,4-0: 
chara terization of two polycl nal ant isera . 
Fresenius 1. Anal. hem. 354: 41 -47. 

Miyazaki, C., Y . Ina , Y Yamada, H. Takahashi. J. 
Sawada & Y. Kurosawa. 1999 . hanges in the 
speci fi c ity o f an tibod ies by ite-spec if ic 
mutagenesis fo llowed by random mutagen is. 
Prot. Eng. 12, 407-4 15. 

Schiweck, W. & A . Skerra . 1995 . F erm e nter 
produc tion of a n a rti fi c ia l Fab- frag rnen t, 
rationally designed for Ule antigen cy ta tin, and 
its optimized cru. ta ll ization thro ugh constant 
dorn in hu ffl ing. Proteins: Struct. FlI t1ct. 
Genet. 23: 561 -565. 

Schmidt, T.G., J. Koepke, R. Frank & A. kerra. 
1996 . M lecular interaction between the trep
tag affi n ity peptide and its cognate targe t, 
treptavid in . J Mo l. Bioi. 255 : 753-766. 

kerra, A., I. Pfitzing r & A. Pli.ickthun. 199 1. The 
functi nal expression of antibody Fv [Tagments 
in Escherichia coli: Impr ved vectors and a 
generally applicab le purifi cation t chnique. 
BiolTeclmology 9: 273-278. 

Annale. Bogori nses n.s. vol. 10 no. 1,2005 30 


