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FIGURE 1. Peptide sequence of the variable domain-s of MSLS in comparison with anti-LeY Abs BRSS-2 (34), BR96 (35), 83 (36), and H 18A (37). 

Table I. Design and peptide sequence of the MSLS scFv dimeric and tetrameric mini-antibody constructs 

Construct scfv Fragment Tag/Hinge Domain Linker Tag 

MSLS-scFv 
MSLS-dHLXhis 

v L -(G3S)4-V H 

VL-(G35)4-VH 

myc-H5 
PKPSTPPGSS GELEELLKHLKELLKG- PRK-GELEELLKHLKELLKG 

m urine lgG3. upper hinge helix-1 tum helix-2 

MSLS-p53his VL-(G 3S)4 -VH TPLGDTTHTSG 
human lgG3 h inge 

KPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEP 
.. • Ill" 

overall bulk influence of soluble LeY, sample buffer, and protein as a 
function of the injected protein concentration. The bulk effect of soluble 
LeY alone was determined by injecting it at 1 mM in H20. This·value was 
substracted from the measured LeY + buffer + protein values to obtain the 
contribution of buffer and given protein concentration. After each mea­
surement, the chip surface was regenerated with 10 J.tl of 2 M guanidinium 
HCl diluted with an equal volume of HBS buffer. 

Results 
MSLS sequence 

Assembly PCR of hybridoma eDNA (22) was used to amplify the 
VH and VL of the anti-LeY MSL5-IgM (P. Kufer and G. Rieth­
mtiller, unpublished results). For comparison with already charac­
terized anti-LeY Abs, the amino acid sequence of VH and VL .was 
aligned manually (Fig. 1) with the sequences of the four anti-LeY 
Abs BR55-2 (34), BR96 (35), B3 (36), and H18A (37), the latter 

.. , . . 

additionally recognizing the LeY -related stage-specific embryonic 
Ag (SSEA-1). The VH of MSL5 shares 54% identity with H18A, 
51% identity with BR55-2, and 52% for both BR96 and B3. How­
ever, there. is a 90% identity among the V H sequences of Hl8A, 
BR55-2, BR96, and B3. The differences between MSL5 and the 
other LeY -binding Abs lie throughout the entire V H sequence, but 
especially in positions 53-59 of CDR2, according to the Chothia 
numbering (38). The most notable differences are the shorter 
CDR3 of MSL5 (one amino acid less) and the presence of Asn 
instead of a conserved Arg at position 96. The comparison of the . 
V L of MSL5, which is a K-chain, a higher degree of 
identity with the other anti-LeY Abs compared with the VH. MSL5 
has a 73% identity with H18A and B3, 71% identity with BR55-2, 
and 70% identity with BR96, but there is a greater than 95% iden-
. tity among the other LeY binders. The noticeable differences be­
tween the light chain of MSL5 and the other anti-LeY Abs are 
located in positions 30-33 of CDR1 and 94, 96, and 100 of CDR3. 

oligomerization domain of human p53 (residues 319-360) 
• 

Molecular design of mini-antibodies 

We have expanded the range of self-assembling polypeptide domains 
(25, 39, 40) by designing a novel association domain incorporating 
the tetramerization domain of human transcription factor p53. Human 
p53 consists of four domains (N-tenninal transactivation domain, 
DNA-binding domain, tetramerization domain, C-tenninal basic do­
main). Residues 319-360 ofp53 comprise the third domain, which is 
capable of self associating to a tetramer (27-29). 

Oligomerization alone, however, does not automatically result 
in a dramatic increase in functional affinity of the self-assembled 
complex, since the oligomer must be geometrically able to bind to 
several Ags on a solid surface or cell simultaneously. The spatial 
separation of the p53-derived tetramerization domain from the 
binding sites by the use of a long and flexible human IgG3 upper 

·hinge provides for independent folding of the fused domains and, 
even more importantly, for a long reach to bind to distant Ags 
simultaneously (25, 39, 40). 

The product of the assembly PCR of MSL5 encodes an scFv 
fragment in a V L-(Gly 4 Ser)3 - V H arrangement with an N-terminal 
EcoRV and a C-terminal EcoRI restriction site. Recursive PCR 
was used to synthesize an EcoRI-Hindlll gene cassette encoding 
the N-tenninal human lgG3 upper hinge (26), residues 319-360 of 
human p53 (27-29) as the tetramerization domain, and a short 
GGSGGAP linker incorporating an Asci restriction site, followed 
by a C-terminal His5 tail (Table 1). A schematic representation of 
the tetrameric mini-antibody expression plasmid pMSL5-p53his 
and the expression cassette of the is shown in Figure 
2, A and B, respectively. For comparison, we also constructed the 
corresponding dimeric mini-antibody MSL5-dHLXhis and the 
MSL5-scFv. The design of the dHLX gene cassette (25), which 
codes for a small dimerization domain (6 kDa) based on an arti­
ficial helix-tum-helix motif (41), was extended by a C-tern:iinal His 
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FIGURE 2. f. coli expression system. A, Sche­
matic overview of the pMSL5-p53his vector con­
structed for functional expression of the MSLS tet­
rameric mini-antibody in E. coli. The high copy 
number phagemid contains the following elements 
in a clockwise arrangement (22): /ad gene encoding 
the lac repressor, MSL5-p53his cistron under a lac 
promoter/operator (lac P/0) followed by an /pp ter­
minator (term lpp), the intergenic region of the fl 
phage allowing for production of ssDNA (i1 ), and 
bla gene encoding 13-lactamase for ampicillin resis­
tance and the CoiEJ origin of replication (ori). 8, 
Drawing to scale of the modular MSLS-p53his cis­
Iron under the lac promoter (lac P, denoted by an 
arrow) and lac operator (lac 0, drawn as a box). The 
lac P/0 is followed by a shortened /acZ gene en­
coding an MTMITNF peptide ending in a stop codon 
with an Xbal restriction site, the ompA signal pep­
tide (5) for secretion of the fusion protein into the 
bacterial periplasm, a FLAG epitope (DYKDI) with 
an fcoRV restiction site for detection, the MSLS scFv 
fragment with a (G.~S)4 l inker (Ll between VL and v,, 
domain, an f coRI and Hind Ill site for insertion of the 
human lgG3 hinge cassette (between fcoRI and 
Mrol), and the cassette encoding the human p53 tet­
ramerization domain (between Mrol and Asci), fol­
lowed by the His-ta il cassette (H;, between Asci, 
two stop codons, and Hindlll) in front of the lpp 
terminator. 
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FIGURE 3. Size exclusion chromatography of the MSL5 Ab con­
structs (e ) (MSLS-scFv, 7.5 JLM; MSL5-dHLXhis, 2.4 MM; MSLS­
p53his, ·1.07 MM). The column (Superosc 12; Phannacia) was cali­
brated with standard proteins in HBS (0 ) (cytochrome c, "12.4 kDa; 
carbonic anhydrase, 29 kDa; albumin, 66 kDa; alcohol dehydroge­
nase, 1 50 kDa; {3-amylase, 200 kOa). 

tai I to allow for purification of t.hc mini-antibody via IMAC 
(Table 1). 

Protein expression and purification 

The murine MSL5-l gM was purified from mouse ascites (31) by 
preparative electrophoresis on a polyvinyl chloride-copolymer ma­
trix and a subsequent gel filtration. The recombinant MSL5 mini-

lpp 

I scFv fragment .. 
mini-antibody 

antibody constructs were expressed in £. coli in functional yields 
simi lar to those of the scFv fragment alone (about 100 JJ.g/L of£. 
coli culture). Each recombinant protein could be purified to ho­
mogeneity using standard IMAC (24). The oligomerization stal.e of 
the constructs was analyzed by gel filtration (Fig. 3). The apparent 
molecular mass o f 40 kDa for the scFv is somewhat higher than the 
theoreti cal value (3 1.4 kDa). This may indicate an equilibrium, fast 
on the time scale of column chromatography, between an scFv 

monomer and dimer (42, 43). The apparent molecular masses of 
the MSL5-dHLXhis (60 kDa) and MSL5-p53his ( J 30 kDa), how­
ever, correspond to the expected values of 66.7 kDa (dimer) and 
125.5 kDa ( tetramer), respectively. The mini-antibodies showed 
symmetrical peaks, indicating the fonnation of stable dimers and 
tetramers. 

Functional ELISA with synthetic Lewis Ags 

The functionali ty and speci ficity of the M SL 5 monoclonal, scFv, 
d.imeric, and tetrarneric mini-antibody fusions were analyzed on 
ELISA plates coated with synthetic LeY-BSA and LeX-BSA con­
jugates. The binding of the M SL5 lgM to synthetic LeY -BSA was 
simi lar to that of the murine anti-LeY monoclonal HI S A (Fig. 4A ). 

Both Abs, however, showed di flerences in their cross-reactivi ty 
with synthetic LeX . Even at high concentrations, the MSL5 mono­
clonal l gM showed no reactivity with LeX, while cross-reactivity 
of H 18A was apparent at concentrations higher than 10 JJ.g/ml. 
Bot.h Abs exhibi ted no binding to milk powder, which was used as 
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FIGURE 4. A, Functional ELISA of mAbs MSLS lgM (circles) and 
H18A lgG3 (squares) with LeY-BSA (white symbols) and LeX-BSA Ag 
(black symbols). The addition of 1 mM of LeY Ag to either H18A and 
MSLS (1 0-40 tJ-g/ml each) resulted in more than 95°/o reduction of the 
binding signal to LeY -BSA in each case. Binding of the Abs to milk 
powder, which was used as the blocking agent, was not detectable 
(inhibition and milk-powder data not shown). 8, Functional ELISA of 
the tetrameric anti-leY mini-antibody MSL5-p53his (circles) and 
dimeric anti-LeY mini-antibody MSLS-dHLXhis (squares) with LeY­
BSA (white symbols) and LeX-BSA Ag (black symbols). The addition of 
1 mM of LeY Ag to both mini-antibody constructs (1 00-330 J.Lg/ml 
each) resulted in more than 95°/o reduction of the binding signal to 
LeY-BSA in each case. Binding of the Abs to milk powder, which was 

~used_ as the blocking agent, was not detectable (inhibitio.n and milk­
powder data not shown). Bound Abs were detected with either lgM, 
lgG, or FLAG-specific alkaline phosphat~~~- conjugates. 

the blocking reagent. The scFv gave no detectable signal in the 
LeY-binding assay, despite its potential monomer-dimer equilib­
rium. In contrast, binding of both mini-antibody proteins was de­
tectable. The stronger ELISA signal of the tetrameric mini-anti­
body (Fig. 4B) in comparison with the dimeric mini-antibody 
would suggest an additional gain in functional affinity for the tet­
ramer over the dimer. As expected, the specificity of both mini­
antibodies is similar to that of the parent monoclonal MSL5 in that 

• 

no cross-reactivity with LeX-BSA was detectable even at high 
concentrations of 300 J.Lglml. The binding of the MSL5 and H 18A 
monoclonals (10-40 J.Lg/ml) and both mini-antibodies (100-300 
J,.tg/ml) to the synthetic BSA-Le Y tetrasaccharide could be to more 
than 95% inhibited in each case by addition of 1 mM of soluble 
LeY methyl ester (data not shown), indicating specificity. 
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FIGURE 5. ·Analysis of LeY-BSA-binding behavior of the MSLS-scFv 
(A), dimeric mini-antibody MSLS-dHLXhis (8), tetrameric mini-anti­
body MSL5-p53his (C), and MSLS-IgM (0) with surface plasmon res­
onance on a BIAcore biosensor instrument. Shown are overlay plots of 
each construct at various concentrations (MSLS-scFv, 0.37-3.75 J.LM; 
dimeric mini-antibody MSLS-dHLXhis, 0.12-2.4 p.M; tetrameric mini­
antibody MSL5-p53 his, 0.08-1 .07 ,....M; and lgM, 0.3-14 nM). 
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FIGURE 6. Elution of MSLS-IgM (14 nM) from LeY -BSA using solu­
ble LeY Ag. The injection of 1 mM of LeY Ag is indkated by the arrow. 

Surface plasmon resonance 

The binding of each MSL5 Ig to LeY-BSA was analyzed in real 
time by surface plasmon resonance (BIAcore) (44). ·We used ex­
perimental conditions of high BSA-Le Y Ag density to allow mul­
tivalent binding. Even a qualitative analysis of the sensorgrams 
indicated striking differences in the LeY -binding behavior of the 
scFv (Fig. 5A) compared with that of the dimeric mini-antibody 
(Fig. 5B), tetrameric mini-antibody (Fig. 5C), and IgM (Fig. 5D). 
The scFv fragment exhibited very fast association and dissociation 
phases, and rapidly reached .a steady state of binding, as indicated 
by the plateau-shaped sensorgrams. This is typical for systems 
with fast on- and off-rates (BIAcore manual, pp. 8-23 to 8-27). 
Specific binding of the scFv was apparent, since the signal is larger 
than the combined bulk refractive indices of buffer and protein in 
the presence of competing LeY. In contrast, comparison of the 
sensorgrams from the MSL5 mini -antibody and lgM revealed that 
both the response rates in the association and dissociation rates 
decrease as the valency increases. 

The decreased on-rate is determined by several factors. First, 
since the observed rate in the association phase kobs is the sum5 of 
the on- and off-rate, kobs = kdiss + [Ab] • kass' the observed rate 
will appear to become slower even if the true kass is identical, 
simply because of the decrease in kdtss with valency. Second, since 
the formation of stable bivalent complexes is sterically more de­
manding, fewer collisions will give rise to them compared with 
transient monovalent complexes, leading to a decreased kass· 

Third, a differential, unspecific interaction of molecules of differ­
ent size with the dextran matrix of the sensor surface, during as-

.. -· . 
sociation cannot be completely excluded. 

The intrinsic dissociation rate of the multivalent Igs, which is 
the microscopic rate constant with ·which one binding site leaves 
the Ag, remains very fast, as seen by the instant inhibition with 
excess of soluble monomeric Ag (Fig. 6) (45). Nevertheless, the 
observed off-rate also decreases with increasing valency. This is 

5 It is occasionally surmised that in the equation kobs = kass. [Ab] + kdiSS' there 
should be a minus instead of a plus sign. It becomes obvious, however, that the 
sum is indeed correct when the equation is derived (44). The increase of AbAg 
complex on the surface as a function of time is given by d[AbAg]/dt = {kass • 

[Ab] • ([AbAglmax - [AbAgJ)} - {kdiss • [AbAg] }, where {AbAgl is the concen­
tration of bound complex at time t, [AbAglmax is the concentration of bound 
complex at saturation and ([AbAglmax - [AbAg]) is the concentration of sites still 
remaining free at time t, and [AbJ is the constant concentration of Ab in 
the injected sample. Rearrangement of terms gives d[AbAg]/dt = {kass • [Ab] · 
[AbAg1maxl - {kass • {Ab] • {AbAgJ + kdiss • [AbAg)}, which can be simplified to 
d[AbAgJ/dt = (,Canst} - {(kass • {Ab] + kdiss ) • [AbAg]} or d[AbAg]/dt = Canst­
kobs • [AbAg], and hence kobs = kass • [Ab] + kdiss· This can be understood from 
the observed approach to equilibrium being more rapid when both rates are fast. 
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FIGURE 7. Overlay plot of individual dissociation curves of the 
MSLS-scFv fragment (3.5 p.M) (A), dimeric mini-antibody MSLS-dHLX­
his (2.4 p.M) (8), tetrameric mini-antibody MSLS-p53his (1.07 J.LM) (C), 
.and the M_SLS-IgM (14 nM) {0). 

also rooted in several phenomena. Each dissociating ann has a 
finite probability of rebinding. Thus, with increasing valency the 
chance increases that at least one of the remaining arms will find 
a target before the monovalently bound complex dissociates. 

Upon complete dissociation, the chance of rebinding to the sur­
face as a dimeric complex also increases with the number of arms. 
Furthennore, a slow off-rate would of course be expected from true 
tridentate, or even tetradentate, complexes. 

The slowdown in the apparent dissociation with incre~ing va­
lency is most striking in the case of the decavalent lgM that ex­
hibits the slowest off-rate compared with the dimeric mini-anti­
body and tetrameric mini-antibody. Furthem1ore, the overlay plot 
of ·selected dissociation curves for each protein (Fig. 7) reveals 
striking differences in the dissociation behavior, ranging from vir­
tually no dissocation from the LeY-BSA conjugate in the case of 
the lgM (Fig. 5D) to a nearly instantaneous dissociation exhibited 
by the scFv fragment (Fig. 5A). In contrast, the very fast dissoci­
ation is observed for any fragment, even lgM, if rebinding is pre­
vented by the addition of excess of soluble LeY (Fig. 6). This 
shows that the differences in the dissociation phase cannot be 
caused by different diffusion coefficients in the dextran matrix. 

The time point of half-maximal dissociation (t0112), as well as 
differences in the response signals at the end of the association 
phase (corrected for the bulk effects of buffer change and protein 
concentration), can serve as semiquantitative criteria of the mul­
tivalency effects under the chosen conditions. At concentrations of 
about 1 ~J-M binding sites, the specific response (absolute response 
corrected for the bulk influence of buffer and protein) of the scFv 
is only 112 RU, whereas the specific signal of the dimeric mini­
antibody is eight times higher (889 RU) and that of the tetrameric 
mini-antibody is about 20 times higher (2120 RU). This is ex­
pected, since at 1 p..M the scFv concentration is below the esti­
mated intrinsic dissociation constant of about 10 p..M, and can 
therefore not saturate the binding sites, since a steady state is 
reached. In contrast, because of the slower off-rate, the other pro­
teins do saturate the binding sites~ but the response still differs 
because of differences in mass. 

The multivalent binding properties of the tetrameric mini-anti­
body (tD112 = 485 s) prolong the time span of dissociation by more 
than two orders of magnitude compared with that of the dimeric 
mini-antibody (t0112 = 70 s) and the scFv (t0112 < 3 s; Fig. 7). 
Binding of each multimeric MSL5 .Ig to LeY -BSA could be com­
pletely and instantaneously inhibited in the presence of soluble Ag, 
as shown for the immediate dissociation ofMSL5-IgM in Figure 6. 
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FIGURE 8. The molecu lar model of the 
tetrameric min i-antibody MSL5-p53his was 
built by fusing the modular components of 
crysta llographic or NMR coordinates of ho­
mologous or actua l structures. The variable 
Ab domains of MSLS are similar (70°/o 
kappa, 82°/o heavy) to those of the anti­
progesterone Ab DB3 (PDB entry 1 DBA) 
(54). The sequence of MSLS was substituted 
to the DB3 sequence with no major struc­
tura l adjustments, preserving the Fv inter­
face. The I i nker was modeled with the 
structure of murine lgG2a upper hinge. 
For the structure of the p53 tetrameriza­
tion domain, NMR coordinates were used 
(PDB entry 1 OLG) . A ll modeling was done 
with the INSIGHT program (B iosym, MSI, 
San Diego, CA) and the f igure was pre­
pared with MOLSCRIPT. 

This experiment shows also that the large IgM is not significantly 
retarded in the matrix, as the intrinsic diffusion is very fast (arrow 
in Fig. 6). Thus, the intrinsic properties of LeY binding are not 
changed between any of the constructs, and the observed kinetics 
are changed exclusively because of binding with higher valency 
and the rebinding of individual domains and whole molecules ob­
served under these conditions. 

Discussion 

The multimerization of Ag binding sites has been shown to be an 
effective means of increasing the functional affinity of bivalent 
whole Abs (10, 46 - 48). Multimeric, genetically, or chemically 
constructed Ab fragments have received considerable attention. A 
variety of formats has been investigated, such as mini-antibodies 
(25, 39, 40), diabodies ( 42, 43 , 49), protein A-fusion proteins (50), 
disulfide-linked fragments (51, 52), or fragments joined with 
chemically attached spacers (53). 

Earlier studies on the design of mini-antibodies, scFv fragments 
fused via a flexible hinge region to small self-assembling multimer­
ization domains (25, 39, 40), demonstrated the feasibility of this route 
to self-assembling multivalent Ab fragments with high functional af­
finities. The initial constructs, however, while proving the principle, 
might not be ideal for therapeutic applications because of the potential 
immunogenicity of the previously used association domains, which 
are based on artificial helix bundles (25) or non-human zipper se-

2995 

quences (39, 40). We have therefore designed a novel association 

domain based on the tetramerization domain of human p53 that is able 
to combine small size (3.9 kDa), lowest possible immunogenicity, and 
compatibility with in vivo folding and the fonnation of stable tet­
rameric scFv fusion proteins in E. coli. 

The crystal structure of the p53 tetramerization domain (28) 
reveals that the tetramer is assembled by two dimers that associate 
via hydrophobic interactions of a helices and {3-strands (Fig. 8). 
Each dimer, on the other hand, is formed by antiparallel associa­
tion of two monomers that consist of a {3-strand connected to an a 

helix via a single glycine residue. Clearly, the spider-like model of 
the tetramerizing mini-antibody based on available structures of 
p53 (27, 28), human hinges (26), and MSL5 homologous Ab DB3 
(54), presented in Figure 8, can only serve as an outline. However, 
it appears likely that the spatial orientation of the four N termini in 
the p53 crystal structure, in conjunction with the additional flex­
ibility and reach provided by the human IgG3 upper hinge, would 
allow, in principle, up to three or perhaps even four fused scFvs to 
bind simultaneously to distant multimeric Ags. The ELISA and 
surface plasmon resonance measurements we have reported in this 
work bear this out, since the tetrameric mini-antibody MSL5-
p53his shows significantly stronger binding to immobilized Ag 
than does the dimeric mini-antibody MSL5-dHLXhis. 

A quantitative evaluation of the anti-LeY functional affinities as 
a function of valency, however, is complicated severely by the 
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dependence of the multivalent binding behavior on the assay con­
ditions ( 40), such ·as Ag density. Furthermore, the rebinding of 

· . whole molec~les is flow rate dependent in a BIAcore experiment, 
. . 

such that only the relative binding properties under identical con-
ditions are meaningful. 

In ELISA measurements, detection of bound mini-antibodies via 
the N-terminal short FLAG epitope did not allow a direct com­
parison of signals of dimeric and tetrameric mini-antibodies due to 
the different number of FLAG tags on both constructs (four FLAG 
epitopes on the tetrameric mini-antibody vs two epitopes on the 
dimeric mini-antibody). The weak intrinsic affinity of a single 

. . 

MSL5 binding site (in the form of the scFv) for LeY is apparently 
not sufficient to survive the repeated washing steps of a functional 
ELISA. With BIAcore, however, a weak but specific binding sig­
nal for the scFv can be detected (Fig. 5A), possibly due to a dia­
body-like monomer-dimer equilibrium and temporary bivalency. 
Because of the instantaneous achievement of a steady state indi­
cated by a plateau (as it is typical for such systems (33)), the 

. . 

dissociation constant cannot· be obtained from binding kinetics. 
Multivalent binding requires conditions of sufficiently high Ag 

densities that in return will increase the on-rate such that the trans­
port of the lgs to or away from the Ag can become limiting (45). 
Mass transport limitation may thus in principle lead to an under­
estimation of the on-rate that becomes apparent by deviations from 
pseudo-first-order kinetics. Thus, the larger IgM has a somewhat 
lower diffusion constant, lowering its rate of mass transport com­
pared with the scFv. However, the large differences in the associ­
ation phase of the different ·constructs are mainly due to a de­
creased kdiss with higher valency, which is apparent . in the 
association phase because of the simultaneous association and dis­
sociation occuning (see above). 

The sensorgrams of the dimeric mini-antibody, tetrameric mini­
antibody, and lgM reflect the sum of several multiphasic binding 
kinetics. Trivalent binding, for ~xample,· can be described by sev­
eral interdependent binding events, each having distinct rate con~ 
stants. A fast second-order process of the initial collision and 
monovalent interaction between fragment and Ag is followed ei- · 
ther by a fast dissociation (representing the intrinsic affinity) or the 
first-order formation of a bivalent and thus more stable complex. 
The first-order transition between monovalent and bivalent binding 
depends on the accessibility of further Ags, as well as the stability 
of the monovalent interaction. The bivalent complex either can 
partially dissociate into the monovalent complex or, favored by the 
longer resting time of the bivalent complex, form a trivalent com­
plex. Therefore, the reas~ociation of partially dissociated com­
plexes is highly dependent on the chosen Ag density and flow rate. 

In contrast to standard kinetic detenninations of thermodynamic 
•• c ... 

affinities in which rebinding distorts calculated values of intrinsic af-
finities (45, 55), rebinding is of course part of the mechanism by 
which functional affinity is increased. Thus, the tenn rebinding does 
not only refer to the-rebinding of completely dissociated Igs, but also 
to the rebinding of already dissociated binding arms, with one or more 
anns of the oligomeric construct still binding. The latter phenomenon 
of functional affinity will be more important, since the local concen­
ttation of Ags is much higher for partially dissociated ~onstructs. · 

A qualitative description of multivalency effects at the chosen 
conditions can be based on the t0112• Under identical conditions 
such as concentration of binding sites, Ag d~nsity, and flow rate, 
the tetrameric mini -antibody reaches a plateau, with about 20 times 
more binding sites attached to the surface at the end of the asso­
ciation phase than the scFv (Fig. 5). During dissociation, the tD 112 

of tetrameric mini-antibody on th~ chip surface is. elongated by a 
factor of more than 100 (Fig. 7). Since the decameric lgM shows an 
even longer tD 112 on the chip surface, a further optimization of mini-

antibodies by oligomerization states higher than four could be useful 
for applications in which only weak· intrinsic affinities can be 
achieved . 

All three recombinant MSL5 constructs were expressed in sim­
ilar functional yields in E. coli. Hence, the expression of either 
association domain as a C-terminal fusion protein has no detect­
able influence on secretion or folding of the Ab fragment, and allows 
assembly of functional multimeric anti-LeY Ab fragments in the 
periplasm of E. coli. In addition, the C-ternrinal His tail does not 
intetfere with assembly or stability of either the dimeric or tetrameric 
mini-antibody, and allows rapid one-step purification via llviAC. 

Since the native human p53 transcription factor contains a 
fourth domain fused C terminally to the tetramerization domain 
used in this study, it may be possible that a fusion of an effector 
function to the C tenninus will result in a functional tetramer with 
targeting and effector activities. The crystal structure of the p53 tet­
ramerization domain supports that view in that all four C tennini are 
not only spatially well separated, but project in di1ferent directions. 

The modular design of the different association domains allows 
the facile generation of fragments with defined valency and steric 

• 

properties. For in vivo applications of anti-tumor mirii-ant~bodies, 
the choice· of associ tion domain and oligomerization state should 
be guided by consid rations such as immunogenicity~ Ag density 
on tumor cells, preferred in vivo t112, and tissue penetration ability. 
The functional affinity, m. w ., and shape of injected Igs determine 
tissue penetration rates, as well as excretion rate by liver and kid-

. ney (56). The dimerization of an anti-phosphocholine scFv into 
bivalent mini-antibody elongated the plasma t 112 in mice by a fac­
tor of two to three compared with a monomeric scFv fragment 
(57). This correlation of in vivo t112 and oligomerization state 
should result in an even further prolonged circulation time in case 
of the tetrameric, p53-based mini-antibody. This E~ coli-express­
ible mini-antibody format with four binding sites may be an ideal 
design for applications in which fast excretion and poor functional 
affinity of a monovalent fragment do not result in a significant, 
long-lasting enrichment at the target. 

· Furthermore, the dependence of the functional affinity on the 
actual Ag density (39) should allow a distinction between different 
tissues having different Ag densities. LeY is found in high densi­
ties on colon and breast cancer cells, but in low densities on a 
variety of normal cells (18). Since Abs or immunotoxins with 
higher intrinsic affinity against LeY and related Ags also bind to 
cell surfaces with low Ag density, significant binding to normal 
tissues is observed (58). In principle, multimeric mini-antibodies 
with high functional but comparatively low intrinsic affinities are 
unable to bind to cells with low densities. Therefore, they should 
give rise to more selective targeting of cells with overexpressed 
Ags that favor multivalent binding. 

In conclusion, the combination of peptides of human origin, 
such as the p53 tetramerization domain and a long and flexible 
hinge, represents a multimerization. device that allows the gener­
ation of small structures of human origin that self assemble to 
stable, tetrameric · Ab fragments in E. coli. ln addition, the use of 
smal~ association domains for the self assembly of oligomeric · 
structures repr~sents -a ver~atile method for optimizing ·any pro-

.. 

teinaceous receptor-ligand interaction in which binding could be 
strongly enhanced by multimerization of individual binding sites. 
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