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Abstract A gene encoding a single-chain variable (scFv) signal peptide sequence was compared, lower or even no ac- 
ant ibody fragment was expressed as a cytoplasmic and cumulat ion of the cytosol-targeted protein was observed, both 
endoplasmic reficulum-targeted protein in transgenic tobacco in leaves [11,12] and in seeds [13]. This suggests a lower sta- 
plants. In both cases, the scFv accumulated up to 0.01% of total bility of scFv proteins in the cytoplasm. Yet, intracellular 
soluble protein (TSP). The same scFv fragment was also expression of an anti-artichoke mottled crinkle virus scFv in 
produced in the periplasm of Escherichia coll. Measurement of Nicotiana benthamiana generated plants with scFv accumula- 
the affinity by ELISA indicates that the affinity of the tion levels up to 0.1% of TSP, which resulted in reduced in- 
bacterially made scFv is about 80-fold lower than that of the fection incidence and delayed symptom development [9]. 
parental Fab fragment. The results suggest that the affinity of the However, few data are available on the efficiency of antigen- 
plant-produced scFv fragments is reduced to a similar extent, binding scFv fragment synthesis and on the affinity of the 
implying that all the plant-produced scFv fragments are antigen produced scFv fragments for the cognate antigen. 

binding. To investigate the properties of plant-produced scFv mole- 

Key words." Antibody affinity; Escherichia coli; Heterologous cules in more detail, we expressed a MAK33 scFv-encoding 
gene expression; Nicotiana tabacum; Single-chain variable gene as a cytoplasmic and ER-targeted protein in tobacco. 
fragment;  Transgenic plant The accumulation levels were determined and the antigen- 

binding properties of the plant-produced scFv fragments 
were compared to those of a bacterially produced scFv. 

1. Introduction 2. Materials and methods 

Antibody expression in plants [1-6] provides a means to 2.1. Construction ofscFv expression plasmids 
interfere with the biological activity of its antigen. In this The monoclonal IgG1 antibody MAK33 [14] is directed against the 
way, plant  cell metabolism can be investigated [7,8] and/or human creatine kinase-MM (CK-MM). A MAK33 scFv-encoding 

sequence was constructed by polymerase chain reaction (PCR) ac- 
specifically modified to obtain or omit certain products. On cording to [15], using as templates the plasmids pBTll l  and 
the other hand,  pathogen-resistant plants can be obtained by pADI102, containing the cDNA for the light chain and the Fd frag- 
expressing antibodies against a protein or other organic mo- ment of the MAK33 antibody, respectively [14]. The resulting se- 
lecule necessary for pathogenesis [9,10]. Since many interest- quence encodes an scFv in the configuration VL-(Gly4Ser)3-VH (Fig. 
ing antigen targets are located in the cytoplasm of the plant 1A). The approximately 750-bp PCR product was gel-purified and 

subcloned into pGEM2, yielding plasmid pAS1. The DNA sequence 
cell, much research is directed towards the expression of func- of the insert was determined by the dideoxy chain-termination method 
tional antibodies or ant ibody fragments in this reducing en- [16]. The sequence encoding the signal peptide of the 2S2 storage 
vironment.  Hiatt  et al. [1] demonstrated that for correct as- protein of Arabidopsis thaliana [17] was fused to the scFv-encoding 
sembly of complete antibodies, the individual immunoglobul in  sequence using synthetic oligonucleotides (Fig. 1A). The scFv- and ss- 
chains need to be directed to the endoplasmic reticulum (ER). scFv-encoding sequences were excised and cloned into the P35S-3'ocs 

cassette of the plant expression vector pGV1990 [5], resulting in pAS2 
In a single-chain variable (scFv) ant ibody fragment the hea- and pSSAS2, respectively (Fig. 1B). For expression in Escherichia coil, 

vy- and light-chain variable domains are tethered together by the scFv-encoding sequence in pAS1 was reamplified with specific 
a flexible peptide linker. An  scFv protein thus retains the primers introducing an amino-terminal Sill site and a carboxy-termi- 
antigen-binding potential of a complete ant ibody or Fab flag- nal Nod site. By subsequent cloning into the phagemid pHEN1 [18], 

an exact amino-terminal translational fusion of the scFv-encoding 
ment and consists of only one polypeptide chain, avoiding the sequence with the pelB signal sequence and a carboxy-terminal fusion 
need for transport  to the ER for assembly. So far, the expres- with the c-myc tag sequence was obtained (Fig. 1A). The resulting 
sion of functional scFv fragments in the cytoplasm [7,9], apo- phagemid was named pBAS2. 
plast [11], and ER [8,12] of  plant cells has been reported. 

2.2. Expression in E. coli When the expression of scFv-encoding genes with and without Cultures of E. coli HB2151 [ 18] transformed with the pBAS2 phage- 
mid were grown and periplasm and culture supernatant, containing 

*Corresponding author. Fax: (32) (9) 264 5349. soluble scFv, were prepared as described in the Expression Module of 
E-mail: mamon@gengenp.rug.ac.be the RPAS kit (Pharmacia). The TSP concentration in the bacterial 

extracts was determined with the Bio-Rad protein assay [19]. 
Abbreviations." EDTA, ethylenediaminetetraacetic acid; ER, endo- 
plasmic reticulum; PCR, polymerase chain reaction; PMSF, phenyl- 2.3. Plant transformation and molecular analysis of transgenic plants 
methylsulphonyl fluoride; SDS, sodium dodecyl sulphate; TSP, total The plasmids pAS2 and pSSAS2 were mobilised from E. coil to 
soluble protein Agrobacterium tumefaciens C58CIRif R (pGV2260) [20] by triparental 
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Fig. l. A: Predicted amino acid sequence of  the different scFv-encoding genes expressed in plants and bacteria. The 15-amino-acid linker pep- 
tide is presented in grey; the 21-amino-acid 252 signal peptide (ss-scFv) and the 22-amino-acid pelB signal peptide (pelB-scFv) are presented 
in bold; the c-myc tag is underlined. The complete MAK33 scFv-encoding sequence can be requested from the authors. B: Outline of  the T- 
DNA constructs for scFv (pAS2) and ss-scFv (pSSAS2) expression. Abbreviations: P35S, cauliflower mosaic virus promoter;  Pnos, promoter of 
the nopaline synthase gene; SS, signal peptide of  the 2S2 storage protein of Arabidopsis thaliana; hpt, hygromycin resistance gene; 3'nos, 3' 
end of  the nopaline synthase gene; scFv, MAK33 single-chain Fv fragment-encoding sequence; RB, right border; LB, left border. 

mating. Transformation of  Nicotiana tabacum SR1 was done by leaf 14900×g for 10 min at 4°C and the supernatant was centrifuged 
disc infection as described by [21] and transgenic GV-AS and GV- again for 10 min for young leaves or for 10 rain and 5 min for mature 
SSAS plants were selected on hygromycin-containing (50 gg/ml) med- leaves. The TSP concentration in the supernatant was determined with 
ium. the Bio-Rad protein assay [19] using bovine serum albumin as a 

For  comparative protein and RNA analysis, mature leaves were standard. 
harvested. Part of  the leaf was used for protein extraction (see section To determine the total amount of  scFv protein in the extracts, a 
2.4), the remaining leaf tissue was frozen in liquid nitrogen, and stored sandwich ELISA was set up and performed as described [23]. The 
at - 7 0 ° C  for later RNA extraction as described [22]. Total RNA (2 rabbit MAK33 Fv-specific antibodies were used as the primary anti- 
gg) was subjected to electrophoresis in a denaturing 1.2% agarose gel body and a derived fraction, biotinylated with the Biotin-labeling kit 
and blotted onto a nylon membrane (Hybond N, Amersham). The (Boehringer), was used as the secondary antibody. The secondary 
scFv m R N A  was detected using a riboprobe, radioactively labelled as antibody was detected with anti-biotin-AP Fab fragments (Boehringer) 
described in the SP6/T7 transcription kit (Boehringer Mannheim). in ELISAs for the quantification of  plant scFv and with streptavidin- 
Hybridisation was carried out in 50% formamide, 5 × SSPE, 0.25% AP (Boehringer Mannheim) in ELISAs for the quantification of  bac- 
milk powder, 0.5% SDS and 20 gg/ml sheared and denatured salmon terial scFv. 
sperm DNA at 65°C for 16 h. The membranes were washed at 68°C in Antigen binding of  the scFv protein in the extracts was checked by 
3 x SSC, 0.1% SDS (15 rain, two changes) and in 1 x SSC, 0.1% SDS an indirect ELISA which was adapted from the MAK33-specific ELI- 
(15 min, two changes). SA [5]. Streptavidin-coated wells (Boehringer) were incubated for 1 h 

at room temperature with 200 gl of  a 1 gg/ml biotinylated human 
2.4. ELISA CK-MM solution. The MAK33 Fv-specific antibodies were used as 

MAK33-specific antiserum was produced in rabbits using MAK33 the primary antibody and sheep anti-rabbit IgG-AP (Boehringer) as 
IgG/Fau (Poly) complex (Boehringer) as immunogen. IgGs were iso- the secondary antibody. 
lated on protein A-Sepharose CL-4B (Pharmacia). IgGs recognising For both ELISAs, the reaction was developed with p-nitrophenyl 
constant regions of  the MAK33 antibody were removed by negative phosphate and the absorbance was kinetically measured at 405 nm 
immune adsorption. Therefore, the monoclonal antibody A8 (Boeh- using a microtitre plate reader. In all tests, hybridoma-derived 
ringer), which contains the same constant domains as the MAK33 MAK33 F~b fragment (Boehringer) was used as a standard. Since 
antibody, was coupled to CNBr-activated Sepharose. After several detection of  antibodies in the ELISAs is specific for the variable 
passages through a column of  A8-Sepharose, the flow-through con- regions of the MAK33 antibody, we assumed that a Fab molecule is 
tained only MAK33 Fv-specific antibodies, as judged by the absence detected with the same sensitivity as an scFv molecule. The scFv 
of  signal in an A8-coated ELISA. amounts can be calculated on the basis of a standard curve with 

Transgenic GV-AS and GV-SSAS plants were analysed by ELISA the MAK33 Fab fragment, taking into account their difference in 
at two developmental stages. Young leaves were harvested from ster- molecular weight. Extracts of  wild-type N. tabacum SR1 or periplasm 
ile-grown plants (7 8-leaf stage); as mature leaves the fifth big leaf and medium from an E. coli culture of HB2151 transformed with the 
(counting from the top) was taken of  greenhouse-grown plants just phagemid pHEN1 were used as negative controls. 
before flowering (flower buds formed but not yet open). TSPs were 
extracted from the leaves by homogenisation in 167 mM Tris-HCI pH 2.5. Western blotting and immunoprecipitation 
8.0, 167 mM EDTA pH 8.0, 1.72 mM PMSF, 630 gM leupeptin (1/3 SDS-PAGE was performed on mini-gels, essentially as described by 
gl buffer per mg tissue) at 4°C. The extracts were centrifuged at [24]. Bacterial proteins were precipitated with deoxycholate/trichlor- 
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oacetic acid (DOC/TCA) and analysed by enhanced chemilumines- A B 
cence Western blotting, using polyclonal rabbit anti-MAK33 IgG or 
the anti-c-myc 9El0 monoclonal antibody [25] and horseradish per- 
oxidase-labelled secondary antibody (ECL, Amersham). 

Protein extracts from GV-AS and GV-SSAS transgenic plants were periplosm medium periplosm medium 
obtained by homogenising leaves in 50 mM Tris-HC1 (pH 8.0), 50 I + - II + - I kDo I + - U + - I kDo 
mM EDTA (pH 8.0), 100 mM NaC1, 2 mM PMSF, 50 laM leupeptin, 
5 mM ascorbic acid (5 lal buffer per mg tissue) at 4°C. The extracts 97,4 ~ - 97,4 
were centrifuged at 5000×g for 10 min at 4°C and the supernatant 66,2 66,2 
was centrifuged again for 5 min. The TSP concentration was deter- 45,0 45,0 
mined as mentioned in section 2.4. 

The scFv protein was immunoprecipitated from the leaf extracts by 31,0 
incubating (2 h at room temperature) equal amounts of TSP (1750 lag) ;31,0 
with biotinylated polyclonal rabbit MAK33 Fv-specific IgG bound to 21,5 
streptavidin-coated Dyna beads (Dynal). The beads were precipitated 21,5 
using a MPC-E magnetic particle concentrator (Dynal). Bound pro- 14,4 
teins were released by boiling in reducing sample buffer and analysed . . . . . . . . . . . .  14,4 
by Western blotting, essentially as described [26]. Detection was Fig. 2. Immunoblot of periplasmic proteins (10 ~tg) and culture 
achieved using polyclonal rabbit anti-MAK33 IgG as the primary medium proteins (10 /.tg) from transformed E. coli cells developed 
antibody and sheep anti-rabbit IgG-AP (Boehringer) as the secondary with polyclonal rabbit anti-MAK33 IgG (A) and with 9El0 mono- 
antibody, clonal antibody (B) as primary antibodies. - ,  extracts from E. coli 

HB2151 transformed with the phagemid pHEN1; +, extracts from 
2.6. N-terminal sequencing of  the bacterially produced scFv protein E. coli HB2151 transformed with the phagemid pBAS2. 

Periplasmic and culture medium proteins were precipitated with 
DOC/TCA and resolved by SDS-PAGE. Proteins were electroblotted 
on Immobilon and N-terminal amino acid sequence analysis of the 32- 
kDa scFv-specific band was performed as described [27]. 

(BiosPacific) for 15 h at 25°C. The mixtures were then transferred 
2. 7. Affinity determination onto plates which had been precoated with 100 ng biotinylated human 

The affinity constants of periplasmic scFv and hybridoma-derived CK-MM per well as described for the indirect ELISA. After incubat- 
Fab in solution were determined with a competition setting of the ing for 15 min at 25°C, the plates were washed and bound antibody 
indirect ELISA (section 2.4) according to [28]. Samples of periplasmic fragments were detected as described in section 2.4. The affinity con- 
scFv or hybridoma-derived MAK33 Fab (1.5 X 10 9 M) at a constant stunts were calculated on the basis of the Klotz equation, which al- 
concentration were incubated with increasing amounts (final concen- lows the determination of dissociation constants, even when the spe- 
trations from 3.7 x 10 10 M to 1.5 X l0 -6 M) of human CK-MM cific antibody concentration is unknown [28]. As a control, the affinity 

constant of the Fab fragment was also calculated on the basis of the 
Scatchard equation [28]. 

Table 1 
scFv accumulation level in leaf tissue of 17 GV-AS and 16 GV- 
SSAS independent sterile-grown primary transformants 3. Results 

Transformant ng scFv/mg TSP 
GV-AS 8 25 +5 To compare  the expression of  a cytoplasmic and  ER- tar -  
GV-AS 6 22 + 3 geted scFv prote in  in plants,  N. tabacum was t rans formed in 
GV-AS 28 22 + 6 parallel  wi th  the T - D N A  vectors pAS2 and  pSSAS2 (Fig. IB). 
GV-AS 5 13 The scFv accumula t ion  was initially de termined in young 
GV-AS 13 13 + 5 leaves of  30 GV-AS and  19 GV-SSAS- independen t  t ransform-  
GV AS 18 13+5 
GV-AS 27 13 ants.  The  scFv levels ob ta ined  by analysis with  the sandwich 
GV-AS 14 12 ELISA are presented in Table  1. F r o m  the analysed plants ,  13 
GV-AS 24 12 + 6 G V - A S  and  three GV-SSAS t r ans fo rman t s  gave no  detectable 
GV-AS 11 9 signal, which means  tha t  the scFv a m o u n t  in young leaves of  
GV-AS 15 9 these p lants  was lower than  6 ng scFv/mg TSP. The scFv 
GV-AS 26 9 
GV-AS 29 9 accumula t ion  levels in b o t h  G V - A S  and  GV-SSAS t ransform-  
GV-AS I 8 ants  are low, between 6 ng and  55 ng scFv/mg TSP. Also in 
GV-AS 2 8 bo th  series of  t ransgenic  p lants  the in te r - t rans formant  varia- 
GV-AS 10 8 bility was very low: the difference between the lowest and  
GV-AS 21 6 
GV-SSAS 16 55+ 18 highest  value was only 4-fold for the pAS2 construct  and  7- 
GV-SSAS 15 40+21 fold for the pSSAS2 construct .  This is very p robab ly  due to 
GV-SSAS 14 22 + 7 the fact tha t  the detect ion limit of  6 ng scFv/mg TSP did not  
GV-SSAS 19 19_+ 6 allow the analysis of  the very low accumulators .  Eleven GV-  
GV-SSAS 7 18 +8 AS and  10 GV-SSAS- independen t  t r ans fo rmant s  were grown 
GV-SSAS 9 14 + 2 
GV-SSAS 2 13 to matur i ty  and  the scFv expression in ma tu re  leaves was 
GV-SSAS 3 13 analysed at pro te in  and  m R N A  level. Sandwich ELISA dem- 
GV-SSAS 13 13 ons t ra ted  accumula t ion  levels which were equal  to or, for 80% 
GV-SSAS 20 13 + 5 of  the analysed plants ,  1.5-8-fold higher  t han  the accumula-  
GV-SSAS 5 12 t ion levels in young leaves. The m a x i m u m  accumula t ion  level 
GV-SSAS 18 12 
GV-SSAS 10 9 in ma tu re  leaves was 0.01% of  TSP  b o t h  for expression in the 
GV-SSAS 8 8 cytoplasm and  target ing to the extracellular compar tmen t s  of  

When the scFv accumulation level was determined in two independent t ransgenic  plants.  In cont ras t  with  the low prote in  levels, 
ELISAs, the mean value (+  standard deviation) is given. N o r t h e r n  analysis showed tha t  G V - A S  and  GV-SSAS plants  
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its antigen CK-MM was determined and appeared to be ap- 
' , ,  /t~¢ ~ ,~/ proximately 80-fold lower than that of the hybridoma-derived 

tO / ¢ ~  ~ ~ ~ "  MAK33 Fab fragment (Table 2). 
_~ /¢,9¢,,9~ p¢,9~' O The integrity of the bacterial and plant-produced scFv mo- 

i ~ i ~ , . ~  0 ~, lecules was checked by immunoblot analysis. Polyclonal rab- 
__¢~'~ __~ oO - - ~  ~ "  ~ t b  bit anti-MAK33 IgG revealed a major band of about 32 kDa 

kDo ~ I  and a minor band of about 30 kDa both in the periplasm and 
in the medium of bacterial cultures (Fig. 2A). Western analy- 

97,4 - -  sis with the anti-c-myc 9El0 monoclonal antibody (Fig. 2B), 
66,2 - -  however, only detected the 32-kDa band, indicating that the 

30-kDa band represents a minor fraction of scFv protein in 
4 5 , 0  E which the c-myc tag is proteolytically cleaved off, a phenom- 

enon which has been reported before [29,30]. N-terminal pro- 
3 1 , 0  ~ tein sequence analysis of the major scFv band showed that the 

pelB signal peptide was correctly processed. By immunopre- 
21,5 - -  cipitation and subsequent Western blotting, we could show an 

scFv-specific band of about 30 kDa in both GV-AS and GV- 
SSAS leaf material (Fig. 3). The scFv migrated with a higher 

1 4 ~ 4  E apparent molecular weight than its calculated molecular 
weight of 26 548, as has been found for other scFv proteins 

Fig. 3. Immunoblot of scFv immunoprecipitated from different GV- with the (Gly4Ser)a linker [31,32]; this can be partly explained 
AS and GV-SSAS leaf extracts. The lane marked SR1 is from an by the low residue weight of Gly and Ser in the linker. The 
untransformed control plant. The lane marked control is from a re- 
construction experiment in which bacterial scFv-containing peri- scFv protein in GV-AS and GV-SSAS leaf extracts is running 
plasm (10 gg) was added to SR1 leaf extract; it served as a control on the same height, suggesting that the 2S2 signal peptide is 
for the immunoprecipitation. The lane marked periplasm contains cleaved off and that the scFv was indeed translocated to the 
periplasmic proteins (10 p.g) from E. eoli HB2151 transformed with ER in the GV-SSAS plants. 
the phagemid pBAS2. The position of plant scFv is indicated by an 
arrow. 

4. Discussion 

produced normal scFv mRNA levels (data not shown), which In this report the accumulation levels and the antigen-bind- 
were as expected for a 35S promoter-regulated gene expres- ing properties of bacterial and plant-produced scFv fragments 
sion. No correlation was found between scFv mRNA level were determined and compared using ELISA measurements. 
and the scFv protein level. In tobacco leaves, the yield of both the cytosolic and ER- 

The amount of antigen-binding scFv protein in the extracts targeted MAK33 scFv protein was very low, the highest level 
from young and mature leaves was determined with an indi- being 0.01% of TSP. Other studies on scFv expression in 
rect ELISA. Only in two GV-AS and two GV-SSAS young plants also report low cytoplasmic accumulation [7,12,13]. 
leaf extracts a significant signal was obtained; it was calcu- This can be partly explained by the fact that in the reducing 
lated that the antigen-binding signal of the accumulated scFv environment of the cytosol the stabilising intramolecular di- 
in the GV-AS transformants and in the GV-SSAS transfor- sulphide bridges are not formed efficiently. Indeed, several 
mants was 2.5% and 5%, respectively, of the signal obtained reports document higher accumulation levels when the scFv 
for corresponding amounts of Fab fragment. In the mature fragments were directed towards the oxidising environment of 
leaf extracts from seven GV-AS and four GV-SSAS transfor- the ER [11-13]. However, another scFv protein appeared to be 
mants antigen-binding scFv could be detected. Again the stable in the cytosol since yields of 0.1% were obtained [9]. 
average signal found for cytoplasmic and ER-targeted scFv Here, we find that the MAK33 scFv expression is very poor, 
was only 1% of the antigen-binding signal of equal amounts even when secreted. Recently, it has been demonstrated that 
of Fat, protein. These low signals can be caused by the fact the amount of scFv increased significantly, up to 100-fold, by 
that only a small fraction of the accumulated scFv molecules KDEL-mediated retention of the protein in the ER. In all 
is correctly folded into antigen-binding fragments or they can cases, the low scFv protein levels were not a consequence of 
be a consequence of a reduced antigen affinity of the scFv low mRNA levels. 
fragment in comparison to the F~b fragment. Due to the Determination of the affinity revealed an 80-fold lower affi- 
low signal of antigen-binding scFv in tobacco leaf extracts, 
the affinity of the plant-produced MAK33 scFv could not be 
determined directly with a competition set-up of the indirect Table 2 
ELISA [28]. Therefore, bacterial expression of the MAK33 Affinity constants of periplasmic scFv and hybridoma-derived 
scFv-encoding gene was performed for further characterisa- MAK33 F~b fragment, as determined by indirect ELISA 
tion of the protein. The scFv accumulation levels, as deter- Antibody KD ~ KD b 
mined by sandwich ELISA, were about 8 gg/mg TSP in the 

MAK33 Fab (2.54+0.35)×10 -a° M (4.34+1.04)×10 -1° M 
periplasm and 0.13 gg/ml in the culture medium of trans- Periplasmic scFv (3.38 +0.32)× 10 -8 M 
formed E. eoli cells. The antigen-binding signal in the indirect 

Presented values are the average (+ standard deviation) from at least 
ELISA of the bacterially produced scFv fragments was also four independent experiments. 
only 4% of the signal obtained for corresponding amounts of aAffinities according to [28] deduced from the Scatchard equation. 
Fab fragment. The affinity of the periplasmic MAK33 scFv for bAffinities according to [28] deduced from the Klotz equation. 
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nity for the bacterial MAK33 scFv compared to the hybrido- B., Weidle, U., Van Montagu, M. and Depicker, A. (1993) 
ma-derived Fab fragment. Such a dramatic reduction in affi- Transgenic Res. 2, 227 237. 
nity has been reported before [9], but  most scFv proteins with [6] Ma, J.K.-C., Hiatt, A., Hein, M., Vine, N.D., Wang, F., Stabila, 

P., van Dolleweerd, C., Mostov, K. and Lehner, T. (1995) 
the (Gly4Ser)3 linker have an affinity which is within the same Science 268, 716-719. 
order of magnitude as that of the Fab fragment or complete [7] Owen, M., Gandecha, A., Cockburn, B. and Whitelam, G. (1992) 
ant ibody [30,31,33-35]. It  might be that for the MAK33 anti- Bio/technology 10, 790-794. 
body the antigen-binding site in the VL-(Gly4Ser)3-VH mole- [8] Artsaenko, O., Peisker, M., zur Nieden, U., Fiedler, U., Weiler, 

E.W., Mfintz, K. and Conrad, U. (1995) Plant J. 8, 745 750. 
cule is less stable than in the Fab fragment where it is main-  [9] Tavladoraki, P., Benvenuto, E., Trinca, S., De Martinis, D., 
tained by the presence of two disulphide-linked constant  Cattaneo, A. and Galeffi, P. (1993) Nature 366, 469-472. 
domains. Also the folding of this particular scFv to its native [10] Voss, A., Niersbach, M., Hain, R., Hirsch, H.J., Liao, Y.C., 
state might be hampered by the linker. Kreuzaler, F. and Fischer, R. (1995) Mol. Breeding 1, 39-50. 

The low antigen-binding signal of the produced scFv frag- [11] Firek, S., Draper, J., Owen, M.R.L., Gandecha, A., Cockburn, 
B. and Whitelam, G.C. (1993) Plant Mol. Biol. 23, 861-870. 

ments in the indirect ELISA can be explained by the discre- [12] Schouten, A., Roosien, J., van Engelen, F.A., de Jong, G.A.M.I., 
pancy in affinity between the Fab fragment and the scFv frag- Borst-Vrenssen, A.W.M., Zilverentant, J.F., Bosch, D., Stiekema, 
ment. Under  the condit ions and antibody fragment W.J., Gommers, F.J., Schots, A. and Bakker, J. (1996) Plant 

Mol. Biol. (in press). 
concentrations used in the indirect ELISA, all the added Fab [13] Fiedler, U. and Conrad, U. (1995) Bio/technology 13, 1090-1093. 
fragment is captured by the antigen on the plate whereas, due [14] Buckel, P., Hfibner-Parajsz, C., Mattes, R., Lenz, H., Haug, H. 
to its 80-fold lower affinity, only a small proport ion of the and Beaucamp, K. (1987) Gene 51, 13 19. 
added scFv fragments is captured. The antigen-binding signal [15] Davis, G.T., Bedzyk, W.D., Voss, E.W. and Jacobs, T.W. (1991) 
for the bacterial and plant-produced scFv fragments was with- Bio/technology 9, 165-169. 
in the same range, suggesting that their affinities are probably [16] Sanger, F., Nicklen, S. and Coulson, A.R. (1977) Proc. Natl. 

Acad. Sci. USA 74, 5463 5467. 
comparable. If the latter hypothesis is true, this implies that [17] Krebbers, E., Herdies, L., De Clercq, A., Seurinck, J., Leemans, 
all the plant-produced scFv fragments are antigen binding. J., Van Damme, J., Segura, M., Gheysen, G., Van Montagu, M. 
Although it is generally stated that scFv fragments bind to and Vandekerckhove, J. (1988) Plant Physiol. 87, 859-866. 
their antigens with similar affinities as the parental  antibodies [18] Hoogenboom, H.R., Griffiths, A.D., Johnson, K.S., Chiswell, 
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