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The associated heavy (Vy) and light (V,) chain variable domains (Fv) of the monoclonal
anti-lysozyme antibody D1.3, secreted from Escherichia coli, have been crystallized in their
antigen-bound and free forms. FvD1.3 gives tetragonal crystals, space group P4,2,2 (or
P4,2,2), with a = 90-6 A, ¢ = 56:4 A. The FvD1.3-lysozyme complex crystallizes in space
group C2, with a = 1292 A, b = 608 A, ¢ = 569 A and f = 119-3°. The crystals contain one
molecule of Fv or of the Fv-lysozyme complex in their asymmetric units and diffract X-rays
to high resolution, making them suitable for X-ray crystallographic studies.

Monoclonal antibody (mAbt) D1.3 is one of a
series of BALB/c anti-hen egg-white lysozyme
(HEL) mAbs (Harper et al., 1987), made to study
the molecular structure of antigen—antibody inter-
actions by immunochemical and X-ray crystallo-
graphic analyses. For this purpose, the antibodies
were proteolytically cleaved with papain to obtain
Fab fragments that could be crystallized free or
bound to the specific antigen, HEL. The structure
of one such Fab (D1.3) was solved in complex with
HEL (Amit et al., 1986).

Proteolysis of immunoglobulins can lead to poor
yields of homogeneous Fab fragments. Further-
more, the constant (C) domains of the Fab fragment
may introduce some degree of disorder into the
crystals, owing to heterogeneous proteolysis and
higher thermal mobility of the carboxy terminus.
Additional mobility may also arise at the “elbow”
that joins the V and C-domains. Thus, the
C-domains of Fab fragments are usually more diffi-
cult to trace in electron density maps than the
V-domains. Since antigens interact entirely with the
antibody V-domains (Amit et al., 1986), the Fv
fragment could provide an attractive alternative for
structural studies of antigen-binding sites (Skerra &

t Abbreviations used: mAb, monoclonal antibody;

Pliickthun, 1988; Riechmann et al., 1988). Indeed,
for crystallographic analyses Fv fragments may
offer certain advantages over Fab fragments
because of their smaller molecular weight.

Although Fv fragments are difficult to obtain by
proteolysis of whole antibody molecules (Inbar et
al., 1972), they have recently been derived by gene
technology. The genes encoding the Vy and Vi
domains of antibodies have been expressed, and the
domains correctly associated and folded, were
secreted from either mammalian (Riechmann et al.,
1988) or bacterial (Skerra & Pliickthun, 1988; Ward
et al., 1989) cells. In future, Fv fragments may also
be made by directly tapping the V-gene repertoire
(Orlandi et al., 1989; Ward et al., 1989; Huse et al.,
1989). Fv fragments have great potential in biotech-
nology and medicine. For example, they may offer a
convenient means of targeting drugs and cytotoxic
proteins (Chaudhary et al., 1989) in therapeutic
treatment.

In view of the potential utility of Fv fragments,
we have undertaken to study the X-ray crystallo-
graphic structure of the Fv fragment of the D1.3
antibody (FvD1.3) and its complex with HEL. This
should allow comparisons with the tertiary and
quaternary structures of the corresponding FabD1.3
and its complex with HEL (Amit e al., 1986;
Bentley et al., 1990).
i FvD1.3 fragment was
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HindI1l
AAGCTT pe'8 leader
M K Y L L P T & A
GCATGCAAATTCTATTTCAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCC
pelB leader +1 5
A G L L L LA AQUPAMAQVQLQE S
GCTGGATTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAGGAGTCA
10 18 20 25
G P GLVAPSQSLSTITT CTUVSGTF
GGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTC
30 s 40 s
S LT 6GY GV NWV R QPUPGI KSGTLTEHUW
TCATTAACCGGCTATGGTGTAAACTGGGTTCGCCAGCCTCCAGGAAAGGGTCTGGAGTGG
50 55 62 65
L GM I WGD GNTUD Y NSALIKXK SR RL
CTGGGAATGATTTGGGGTGATGGAAACACAGACTATAATTCAGCTCTCAAATCCAGACTG
70 15 80 a b ¢
§ I S KD NS K S QV F L KMNZSTULUHT
AGCATCAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAACAGTCTGCACACT
83 90 95 100
D DT ARY Y CARUEURUDYVYRILUDYUWG
GATGACACAGCCAGGTACTACTGTGCCAGAGAGAGAGATTATAGGCTTGACTACTGGGGC
105 110
Q G T T LTV § § Soct  EcoRl HndIIT
CAAGGCACCACTCTCACAGTCTCCTCATAATAAGAGCTCGAATTCGCCAAGCTTGCATGE
pelB leader
M K Y L L P T AAAG
AAATTCTATTTCAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGA
pelB leader £33 5
L L L L AA QP AMADTIUVILTOUGQST?PHA
TTGTTATTACTCGCTGCCCAACCAGCGATGGCCGACATCGTCCTGACTCAGTCTCCAGCE
10 15 20 28
S L S A SV GETVUVTTITT CU®RUASGNTI
TCCCTTTCTGCGTCTGTGGGAGAARCTGTCACCATCACATGTCGAGCAAGTGGGAATATT
e 35 40 45
H N Y L AW Y Q Q KQG K S P QULUL VY
CACAATTATTTAGCATGGTATCAGCAGAAACAGGGAAAATCTCCTCAGCTCCTGGTCTAT
s0 55 60 65
Yy T T T LADGV P SRTFSGSOGSGT
TATACAACAACCTTAGCAGATGGTGTGCCATCAAGGTTCAGTGGCAGTGGATCAGGAACA
70 7% a0 8s
Q ¥ S L KINZSLAOQPETDTFGSVYZYTCZQ
CARTATTCTCTCAAGATCAACAGCCTGCAACCTGAAGATTTTGGGAGTTATTACTGTCAA
90 95 100 105%
H F W STPRTTFGGGTI KU LETZKR
CATTTTTGGAGTACTCCTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGGTAR
Sacl EcoRY
TAAGAGCTCGAATTC

Figure 1. The nucleotide sequence encoding the heavy
and light chain variable domains of FvD1.3 for expression
and secretion from E. coli. To facilitate the assembly of
the genes (Ward et al., 1989), Pstl and Pvull sites were
introduced into the D1.3 Vy and V; genes in the region
encoding the first few amino acids of the mature protein.
This changes the amino acid sequence (M. E. Verhoeyen,
C. Berek & G. Winter, unpublished results) of both V, and
V_ domains in this region (Vy. Lys5 to Gln; and V,, GIn3
and Met4 to Val and Leu, respectively). The Fv fragment
described by Ward et al. (1989) differs slightly from the
Fv fragment described here: it has 2 further amino acid
substitutions (Vy, Leul09 to Val; V,, Val3 to Glu) due to
the creation of a BstEII site in the Vi gene, and a Sacl
site in the V gene. However, the substitutions do not
seem to affect the affinity for lysozyme. In the Figure the
. upper part corresponds to Vy, the lower to V.. The amino
acid sequences are numbered according to Kabat et al.
(1987), and the synthetic pelB leader and the complemen-
tarity-determining regions (Vy, 31 to 35, 50 to 65 and 95
to 102; V, 24 to 34, 50 to 56 and 89 to 97), are shown in
italics.

cloned and expressed by secretion into Escherichia
coli periplasm. The fragment was abundantly
expressed (up to 10 mg/l of bacterial culture), and
the domains were stably associated and bound the
antigen HEL. The dissociation constant was similar
to that of the parent antibody, about 3 nm (Ward ef
al., 1989). The details of the nucleotide sequence of
the construct and encoded amino acid sequence of
the V; and V, domains are given in Figure 1.

The FvD1.3 fragment was harvested from the
culture medium of recombinant E. coli cells grown
in media containing ampicillin, and purified by affi-
nity chromatography on a HEL-Sepharose column
(Ward et al., 1989). Further purification was

ZORBAX fast protein liquid chromatography
column. The purified Fv was complexed with HEL
by the addition of a small molar excess of the
antigen and overnight incubation at 4°C. The
uncomplexed and the HEL-complexed Fv were set
to crystallize in “hanging drops (Wlodawer &
Hodgson, 1975) at an initial concentration of about
5 mg/ml.

The free Fv crystallized from 1-9 M-ammonium
sulfate solution, 0-1 Mm-sodium acetate (pH 4-2), the
same conditions that were used to crystallize
FabD1.3 (Bentley et al., 1990). The crystals grew as
bipyramids, reaching a size of up to about 0:3 mm
x 02mm x 015 mm. Macro-seeding (Thaller et
al., 1981} in capillaries was used to obtain crystals
which were about twice as large for each of the
linear dimensions given above. The crystals were
examined by X-ray diffraction using the precession
cameras and CuKa radiation. Their space group is
tetragonal P4,2,2 (or P4,2,2), with unit cell dimen-
sions a=906A and ¢c=5644A (1 A=01nm).
They diffract X-rays beyond 2-5 A resolution. The
volume of the unit cell is compatible with the pre-
sence of one Fv molecule per asymmetric unit.
Electrophoresis in SDS/159, (w/v) polyacrylamide
gels (Laemmli, 1970), showed that the crystals
contain both the Vy and V, domains.

The FvD1.3-HEL complex was crystallized by
vapor diffusion against 259, (v/v) polyethylene
glycol 8000, 0-1 m-potassium phosphate (pH 5-85).
The initial crystals measured up to 03 mm Xx
010 mm x 0-05 mm. Larger crystals were subse-
quently obtained by macro-seeding as described
above. They were shown to contain Vy and Vi
domains and HEL by SDS/polyacrylamide electro-
phoresis as described above. The space group and
unit cell dimensions, determined as for the unli-
ganded Fv fragment, are monoclinic €2, with
a=1292 A, b (unique axis) = 608 A, c =569 A
and B = 119-3°. The volume of the unit cell is about
759, of the FabNew, which crystallizes in the same
C?2 space group (Avey et al., 1968), indicating that
there is one molecule of the Fv-HEL complex in the
asymmetric unit. Reflections with spacings smaller
than 2:5 A can be seen in “still”’ photographs. Thus,
these crystals are excellent material for X-ray
diffraction studies. They should allow a structural
comparison with the free and antigen-complexed
FabD1.3 and possibly, higher resolution analysis
given the quality of their diffraction patterns.
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