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Polymetase chain reaction (PCR) products representative of the DNA sequence coding for the variable heavy 
(V,) and the variable light (V,) chains of an antiMUC1 mu& monoclonal antibody, C595, have been produced. 
These products were cloned, sequenced, and the primary amino acid sequences of the V, and V, regions 
deduced. The hypervariable complementarity determining regions (CDRs) and framework regions in the heavy 
and light chains were located, and homologies with canonical forms for the CDR loops I+ &, &, I#, and H2 
were identi6ed by database searching. The structure for the H3 loop was calculated directly. Computational 
molecular modelling was accomplished using the fully automated AbM package (Oxford Molecular, Oxford, 
U.K.). Energy minimisation was performed using the program InsightIT (Biosym, San Diego, California, U.S.A.). 
The investigation provides a basis for the molecular analysis of the antigen binding site of the 4395 antibody with 
the aim to identify key residues and interactions involved in the immune recognition of the C595 antibody defined 
epitope, which is expressed in the majority of breast and ovarian carcinomas. 
EurJ Cancer, Vol. 31A, No. 2, pp. 214-221,1995 
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INTRODUCTION 
MUCl MUCINS ARE highly glycosylated glycoproteins expressed 
on the luminal surfaces of glandular epithelia [ 1, 21. In breast 
carcinomas, their expression is frequently up-regulated and they 
may be secreted into the circulation. Determination of the levels 
of MUCl antigen in the blood has been exploited as a measure 
of tumour burden, and changing levels reflect the response to 
therapy [Ml. The MUCl glycoprotein is a complex molecule 
with a protein core containing a large domain of variable 
numbers of a highly conserved 20 amino acid repeat sequence 
(PDTRPAPGSTAIPPAHGVTSA) [7]. Many 
murine antibodies reactive with the MUCl mucin have now 
been produced by immunisation with diverse materials including 
milk fat globule membranes, tumour cells and isolated mucin 
preparations. It has been determined that most, if not all, 
antiMUC1 antibodies reactive with the protein core identify 
epitopes of three, four or five amino acids within the hydrophilic 
region, A P D T R P A P, of the 20 amino acid repeat. To date, 
all antibodies examined require the presence of the arginine 
within their epitope [2, 81. The antibody C595 (IgG3, kappa 
light chain) is one such antibody. This antibody has been proved 
to be a reagent of clinical utility. It has been employed in 
immunoassays for the quantitation of circulating mucin in breast 
cancer patients [9, lo], and has been used for in z&o diagnostic 
tests in the identification of malignant ovarian tumours by 
immunoscintigraphy [ 11, 121. 

The present investigation was initiated to further explore the 
molecular basis for the identification of malignant cells by the 
C595 antibody. The epitope for the antibody has been mapped 
to the tetra peptide, R P A P [ 131, and biophysical studies have 
been performed to define the major structural features of the 
peptide core in the immunodo minant hydrophilic epitope region 
of the mucin [14, 151. This report describes the results of 
primary sequence analysis o:f the C595 antibody, and progress in 
the development of a model for the three-dimensional structure 
of its antigen binding site. 

MATERIALS AND METHODS 
Monoclonal antibody producnkm 

Monoclonal antibody, C595, was originally prepared by con- 
ventional hybridoma technology [16] using spleen cells from a 
BALB/c mouse immunised against purified MUCI urinary 
mucin [ 171. The C595 monoclonal antibody also has the alterna- 
tive designation NCRC-48. 

Reverse transcription and PC.R 
C595 hybridoma cells (1 x 10’) were harvested by centrifug- 

ation (3000 g for 5 min) and RNA extracted using RNAzolTMB 
solution (Biogenesis Ltd, Bournemouth, U.K.), according to 
the manufacturer’s instructions. cDNA was produced by con- 
ventional means using random primers (N,-random hexamers; 
Pharmacia, Uppsala, Sweden) and SuperscriptTM RNase H- 
reverse transcriptase (Gibco BRL, Middlesex, U.K.) as pre- 
viously described [ 181. 
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PCR was initiated by adding AmpliTaq@ DNA polymerase 
(Perkin Elmer/Cetus, California, U.S.A.) and the appropriate 
primers to 1 p,l aliquots of generated cDNA [ 181. Appropriate 
negative control samples were included. The primers used for 
amplification of the heavy and light chain DNA are given in 
Table 1. 

Agarose gel electrophoresis 
Agarose gels (1%) were prepared by dissolving NuSieveTM 

agarose (Flowgen, Kent, U.K.) in TBE buffer (0.09 M Tris- 
borate, 0.002 M EDTA; [ 191) with ethidium bromide incorpor- 
ated at 0.2 mg/ml. Samples were diluted 4 : 1 with DNA loading 
buffer (0.25% bromophenol blue, 0.25% xylene cyan01 FF, 15% 
Ficoll Type 400 in water, Pharmacia [ 191). Electrophoresis was 
performed at a constant voltage of 100 V for 45 min. DNA was 
visualised using a Spectroline TM-312A ultraviolet transillumi- 
nator and photographs recorded using a Polaroid DS-34 
direct screen instant camera. Molecular weight markers were 
non-methylated bacteriophage @X174 DNA digested with 
restriction endonuclease HaeIII (NBL). 

Cloning of PCR products and restriction digest analysis 
Ligations were performed using a TA CloningTM kit 

(Invitrogen, San Diego, California, U.S.A.). Transformations 
were performed using TA OneShotTM supercompetent E. coli 
supplied with the TA CloningTM kit. Transformed cells were 
selected and transferred to Luria-Bertani (LB) medium contain- 
ing kanamycin (5 ml; [19]). The cultures were grown overnight 
on a gyratory shaker (200 rpm, 37°C). Plasmid DNA was 
purified from 1.5 ml of the bacterial culture by minipreparation 
using a modified alkaline lysis method [ 191. 

Purified plasmid DNA was tested for incorporation of the 
appropriate PCR fragment by digestion with EcoRI (5U; USB, 
Cambridge Bioscience, Cambridge, U.K.) in High Salt Buffer 
(USB). The plasmid (1 ul from a 50 ~1 stock obtained by 
minipreparation) was digested in a volume of 10 ul for 2 h at 
37°C and the restriction digest visualised on a 1% agarose gel. 

DNA sequencing and autoradiography 
Di-deoxy sequencing reactions [20], incorporating 35S labelled 

dATP were performed using a Sequenasem Version 2.0 DNA 
sequencing kit (USB). Single stranded plasmid DNA was pre- 
pared [2 11. Sequence analysis was achieved through polyacryla- 
mide gel electrophoresis of the sequencing reactions (5.7% w/v 
acrylamide, 0.3% w/v bis-acrylamide and 48% w/v urea in TBE) 
using a Bio-Rad Sequi-Gen@ nucleic acid sequencing cell. 
Autoradiography was performed on dried gels using Kodak 
XAR-5 X-ray fihn. 

Sequence analysis 
Autoradiographs of sequencing gels were evaluated indepen- 

dently by at least two individuals and the primary sequence data 
were loaded on to the SERC SEQNET Computer (Daresbury, 
Warrington, U.K.) Similar DNA sequences were identified 
using the program FASTA [22]. Sequences were aligned using 
the program Gap [23]. After translation, similar protein 
sequences contained in the Swissprot database were identified 
with the program PFASTA [22]. 

N-terminal protein sequencing 
Affinity purified C595 monoclonal antibody (200 Fg) was 

added to an equal volume of reducing buffer (0.0625 M Trisl 
HCl pH 6.8, 10% v/v glycerol, 2% w/v sodium dodecyl sulphate 
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Table 1. Table 1. Murine immutwglobulin PCR primers 

Heavy chain variable region 
VHl FOR-2 5’- TGAGGAGACGGTGACCGTGGTCCCTTGGCCCC- 3’ 
VHl BACK 5’- AGGTCAAACTGCAGCAGTCAGG-3’ 

___.-GC_G__-___G___-T-- 

Kappa light chain (V, and C,) 
3’ Primer 5’- GCGCCGTCTAGAATTAACACTCATTCCTGTTGAA-3’ 
5 ’ Primers 5 ‘- CCAGTTCCGAGCTCGTTGTGACTCAGGAATCT-3’ 

__---_____------GT----G---CCGC-C 
__---_____------GC-C--C-__TCTC-A 
__------__-----AGA----C---TCTC-A 
---------------- GA----C---ACTC-A 
----------______ CA----C---TCTC-A 
__----____------GA----A---TCTC_A 

(SDS), 0.00125% w/v bromophenol blue, 0.625% v/v 2- 
mercaptoethanol) and subjected to SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) using a 15% homogeneous gel in 
an LKB Bromma 2050 Midget electrophoresis unit (200 V for 
60 min), followed by blotting for 1 h in blotting buffer (10 mM 
3-(cyclohexylamino)- 1-propanesulphonic acid (CAPS) pH 11, 
10% methanol) onto ProBlottTM membrane (Applied Biosys- 
terns, ABI, Warrington, U.K.) using the Phastgel Western 
blotting apparatus (Pharmacia). The membrane was then stained 
with amido black, the light and heavy chains excised and 
sequenced independently using an ABI 473A automated peptide 
sequencer. 

The N-terminally blocked C595 light chain was treated with 
pyroglutamate aminopeptidase (Boehringer) after SDS-PAGE 
[24]. Briefly, the light chain band was excised and pretreated 
with 200 ~1 of 0.5% polyvinylpyrrolidone (PVP40) in 100 mM 
acetic acid at 37°C for 24 h. The membrane was washed thor- 
oughly with water and soaked in 0.1 M sodium phosphate buffer 
(pH 8) containing 5 mM dithiothreitol and 10 mM ethylenedia- 
minetetraacetic acid. Pyroglutamate aminopeptidase (25 kg; 
enzyme : substrate, 1 : 10) was added and the reaction mixture 
incubated at 30°C for 24 h. The membrane was washed with 
water, dried in vacua and sampled by an ABI 473A automated 
peptide sequencer. 

Antibody modelling and minimisation 
The structure of the variable region of the C595 antibody 

was modelled on an Iris Indigo XS24Z Workstation (Silicon 
Graphics, Reading, Berkshire, U.K.) using the program AbM 
(Oxford Molecular) which incorporates many of the features of 
the modelling algorithms of refs [25] and [26]. The modelled 
structure was subjected to energy minimisation using the module 
Builder within the program Insight11 (Biosym). Ramachandran 
plot analyses were obtained using the program Procheck [27]. 

RESULTS 

PCR product and cloning anulysis 
The DNA coding for the light chain (kappa) and the heavy 

chain variable domain (V,) of C595 was obtained by PCR 
amplification. The PCR products were ligated into the PCRTMII 
vector and used to transform E. coli. Colonies selected were 
tested for incorporation of the appropriately sized PCR fragment 
by restriction digest analysis. Figure 1 shows the digests of 
plasmids into which either the VH domain (Figure 1; upper) or 
the kappa chain (Figure 1; lower) PCR products have been 
incorporated. The agarose gels confirm that the DNA inserted 
into the vector was of the same size as the corresponding PCR 

123456 

310 - 

603 - 

Figure 1. Agarose gel of restriction digests of plasmid containing 
DNA inserts encoding for either V, (upper part of iigure) or kappa 
light chain (lower part of figure). In both cases, lane 1 contains the 
molecular weight standards (@X174 DNA-HaeIU digest with the 
603 and 310 bp markers indicated to the left), lane 2 contains the 
appropriate PCR product, and the remainder of the lanes contain 

corresponding digests of plasmid preparations. 

product suggesting that the correct DNA fragment had been 
inserted. 

Sequence analysis 
Autoradiographs of the sequencing reactions performed on 

numerous clones obtained through independently obtained 
PCRs yielded the primary DNA sequence and deduced protein 
sequences of the VH and V,_ domains of C595 antibody as shown 
in Table 2. 

Because of the degenerate nature of the primers used to 
generate PCR products (Table l), N-terminal protein sequenc- 
ing was performed to evaluate the precise amino acid compo- 
sition of the heavy and light chains encoded for at the priming 
sites. Amplification of C595 cDNA using the various kappa 
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Table 2. cDNA and deduced protein sequence of C595 (CDRs are underlined) 

(a) C595 VL 
DNA sequence CCA GCA ATC ATG TCT GCA TCT CCA 
Protein sequence Q I V L T Q S P A I M S A S P 

1 
GGG GAG AAG GTC ACC ATG ACC TGC AGT GCC AGC TCA AGT GTA AGT 

GEKVTMTCSASSSVS 
21 

TAC ATG CAC TGG TAC CAG CAG AAG TCA GGC ACC TCC CCC AAA AGA 
YMHWYQQKSGTS P K R 

41 
TGG ATT TAT GAC ACA TCC AAA CTG GCT TCT GGA GTC CCT GCT CGC 

WIYDTSKLASGVPAR 

TTC AGT GGC AGT GGG TCT GGG ACC TCT TAC TCT CTC ACA ATC AGC 
FSGSGSGTSYSLTIS 
61 

AGC ATG GAG GCT GAA GAT GCT GCC ACT TAT TAC TGC CAG CAG TGG 
S M E A E D A A T Y Y C Q Q W 

81 
AGT AGT AAC CCA CCC ACG TTC GGA GGG GGG ACC AAG CTG GAA 

S S N P P T F G G G T K L E I 
101 

K R A 
108 

(b) C595 VH 
DNA sequence GGA GGC TTA GTG CAG CCT GGA 
Protein sequence E V Q L V E S G G G L V Q P G 

111 
GGG TCC CTG AAA CTC TCC TGT GCA GCC TCT GGA TTC ACT TX AGT 

G S L K L S C A A S G F T F S 
131 

AGC TAT GGC ATG TCT TGG GTT CGC CAG ACT CCA GAC AAG AGG CTG 
SYGMSWVRQTPDKRL 

151 
GAG TTG GTC GCA ACC ATT AAT AGT AAT GGT GGT AGC ACC TAT TAT 

E L V A T I N S N G G S T Y Y 

CCA GAC AGT GTG AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT GCC 
PDSVKGRFTISRDNA 

171 
AAG AAC ACC CTG TAC CTG CAA ATG AGC AGT CTG AAG TCT GAG GAC 

KNTLYLQMSSLKSED 
191 

ACA GCC ATG TAT TAC TGT GCA AGA GAT CGG GAT GGT TAC GAC GAG 
TAMYYCARDR D?G Y D E 

211 
GGA TTT GAC TAC TGG GGC 

GFDYWG 

219 

chain 5’ primers given in Table 1, yielded PCR products of the 
correct size in each case (data not shown), although the DNA 
sequences of these seven primers encode seven different pep- 
tides. The significance of this observation, in the context of 
modelling, is outlined by the effect of residue 2 of the light 
chain. In order for Li to form a canonical loop, this residue must 
be an isoleucine. Although this residue does not reside within 
the CDR, it is important in the stab&&on of the loop structure 
[25]. The presence of any other residue at this position results in 
Li not forming a canonical loop structure. In this situation, the 
algorithm used in the AbM program would calculate de mo the 
structure of this CDR. 

N-terminal protein sequencing revealed the residues present 
at positions 1 to 5 for the light chain and positions designated 
109 to 118 for the heavy chain (Table 2). Initial studies found 
the light chain to be N-terminally blocked, as no sequence 
information was obtained from over 200 pM of protein. Sub- 
sequent treatment with pyroglutamate aminopeptidase led to 
the generation of sequence data for the first five residues of the 
light chain (inclusive of the cleaved glutamine), indicating the 
presence of pyroglutamate at the N-terminus. The sequence 
obtained (Table 2) was that expected by comparison of the 
remainder of the sequence by germline DNA homology search- 
ing. The remainin g residues encoded by the PCR primers (at 
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positions 6 and 7) were deduced from the murine light chain Table 4. Comparison of primary sequence of C595 CDRs with 
germline DNA database. known sequences of canonical fonnr. After [25] 

Protein sequence data for the N-terminal sequenced heavy 
chain is presented in Table 2 as residues 109-l 18. Residues at 
positions 116-118 were all glycine, in agreement with the 
protein sequence deduced from data generated by di-deoxy 
DNA sequencing. 

Sequence homology analysis 
The five protein sequences with greatest homology to the 

identified sequence for the VH and V,_ domains of C595 are 
listed in Table 3. Of 50 similar protein sequences identified by 
database searching, all of the homologous sequences coded for 
immunoglobulin variable regions of the correct chain type. In 
the case of both the VH and V,_ domains, the most similar 
sequences were murine immunoglobulin. The majority of mis- 
matches between C595 antibody and identified homologous 
sequences occur within the CDRs. Furthermore, sequence data 
obtained for the CL domain of C595 showed complete homology 
with a number of other murine CL domains. 

Model@ analysis 
Primary sequence data obtained for C595 V, and VL regions 

were entered into the AbM program and the modelling routines 
initiated. The majority of the backbone of the variable region of 
the C595 antibody was constructed using simple sequence 
homology comparisons to known crystallographic structures. 
For C595, the sequences with the highest homology identified 
by these database searches were the V, of the murine antibody 
17/9 (an anti-influenza virus peptide antibody) and the VL of the 
murine antibody HyHel-5 (an anti-lysozyme antibody). These 
were used as the backbone templates for the model. 

Comparison of the primary sequences of the CDRs identified 
for C595 with the primary sequences of known CDR loops L1, 
L2, L3, H, and H2 (for which canonical forms have been 
identified, [25,28]), whose three-dimensional structure has been 
resolved, is presented in Table 4. Analysis by reference to 
information presented by Chothia and coworkers [25, 281 and 
by computational database interrogation by AbM, revealed 
canonical loop structures for C595 L,, L2, L3, HI andHz regions. 
Loops L1, L2 and L3 showed a high degree of homology with 
type 1 canonical structures for these loops, whereas for the heavy 
chain, HI and Hz were homologous to type 1 and type 3 
structures, respectively [25,28]. These canonical loop structures 
were edited on to the backbone templates. 

Table 3. Protein sequences with highest homology to C595 V-regions 

Protein 

Swissprot 
accession 
number % identity 

(a) Mouse Ig heavy chain V region 
Mouse Ig heavy chain V region 
Mouse Ig heavy chain V region 
Mouse Ig heavy chain V region 
Mouse Ig heavy chain V region 

(b) Mouse Ig kappa chain V-VI region 
Mouse Ig kappa chain V-VI region 
Mouse Ig kappa chain V-VI region 
Mouse Ig kappa chain V-VI region 
Mouse Ig kappa chain V-VI region 

hv55-m 90.8 
hv54-m 89.8 
hv53-m 90.8 
hv57-m 87.8 
hv58-m 84.7 

kv6f-m 93.5 
kv6h-m 92.5 
kv6i-m 92.5 
kv6g-m 91.6 
kv6j-m 91.6 

L 1 Regions 
Canonical 
Structure Protein 262728293031 a b c d e f 32 2 253371 
1 5539 SSSVS-------SIALY 

HyHEL- 
5 S S S VN-------Y I AMY 
NQlO S S S VR-------Y I AMY 
c595 S S S V S-------Y I AMY 

L2 Regions 
canonical 
Structure Protein 505152 48 64 
1 REI EAS IG 

McI’C603 G A S I G 
J539 EIS IG 
D1.3 YTT IG 
HyHEL- 
5 DTS IG 
HyHEL- 
10 YAS IG 
NC41 WAS IG 
NQlO DTS IG 
4.4.20 KVS IG 
c595 DTS IG 

L3 Regions 
Canonical 
Structure Protein 919293949596 90 
1 REI YQSLPY Q 

McPC603 D H S Y P L N 
D1.3 FWSTPR H 
HyHEL- 
10 SNSWPY Q 
NC41 HYSPPW Q 
4.4.20 STHVPW Q 
NQlO WSSNPL Q 
c595 WSSNPP Q 

H 1 Regions 
Canonical 
Structure Protein 262728293031 32 3494 
1 McPC603GFTFSDF MR 

KOL GFIFSSY MR 
J539 GFDFSKY MR 
D1.3 GFSLTGY VR 
HyHEL- 
5 GYTFSDY I R 
NC41 GYTFTNY MR 
NQlO GFTFSSF MR 
4.4.20 GFTFSDY MG 
c595 GFTFSSY MY 

H2 Regions 
Canonical 
Structure Protein 52a b c 535455 71 
3 KOL D --DGS R 

J539 P --DSG R 
NQlO S --GSS R 
c595 S --NGG R 

CDR H3 does not have any comparable forms as far as loop 
structures are concerned, so putative loops were built using 
information from the Brookhaven database. This database con- 
tains the interatomic distances for carbon atoms in proteins 
whose three-dimensional structure has been resolved. The amino 
acid sequence of the CDR H3 was compared with protein 
sequences in the database and translated into the three-dimen- 
sional coordinates of 425 candidate H3 loops. The ideal generated 
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loop would have the same sequence and conformation as a 
section of a protein in the database. This is unlikely, so a method 
of ranking candidate H3 loops is employed, based on the 
residue similarity between generated and database loops, and by 
identifying key structurally (determining residues (SDRs) within 
these loops. The 200 highest scoring loops were selected as the 
preferred conformations. 

The central portions of these loops were reconstructed using 
CONGEN, a program which searches and relieves unsatisfactory 
van der Waals contacts between amino acids by altering their 
conformations. The energies of individual atoms in these revised 
loops, based on the relationships between neighbouring amino 
acids, were analysed and the five lowest energy conformers for 
the H3 loop selected and retained. 

One H3 CDR loop was linally selected from these five low 
energy conformers, chosen on the basis of homology with the 
database structure from which it was taken. The model of the 
C595 antibody variable region produced in this way is essentially 
a non-energy minimised structure. 

Energy minimisation 
Energy minimisation was performed on the AbM generated 

C595 model using the Optimize option within the computer 
program Insight11 (Biosym:‘, incorporating the Combined Val- 
ence Forcefield [29]. The model was subjected to 691 steepest 
descents iterations, followed by 4910 conjugate gradients iter- 
ations (Figure 2). 

Ramachandran plot analysis 
In the polypeptide backbone, the amount of rotation at the 

bond between nitrogen and the a-carbon atom is designated phi 
(4) and the rotation between the a-carbon and carbonyl atoms is 
designated psi (JI). The conformation of the main chain is 
completely defined when + and IJJ are specified for each residue 
in the chain. Certain combinations are not acceptable because of 
steric hindrance. Allowed r,anges can be readily predicted and 
visualised in steric contour diagrams known as Ramachandran 
plots. The Ramachandran plot of the minimised C595 model is 
displayed in Figure 3 and the plot statistics illustrate the quality 
of the model constructed. 

Several representations of the model for the structure of the 
variable region of the C595 antibody are shown in Figure 4. A 
ribbon style view of the B-barrel assembly of this domain is 
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PCR technology has been utilised in a number of studies to 
clone and sequence immunoglobulin variable regions without 
having to construct cDNA libraries [ 181. Sequences coding the 
whole of the mature variable domain are amplified using sense 
primers annealing to the leader sequences of heavy and light 
chains, and antisense primers annealing near to the variable- 
constant region junctions. This strategy, incorporating N-ter- 
minal protein sequencing, has been used to identify the V 
domain sequences of the C595 antibody. 

The primary sequence of the C595 antibody V, and VL 
regions has been determined (Table 2), and shows a high level 
of homology with respect to other murine immunoglobulin 
sequences. 

Figure 2. The number of iterations performed on the AbM created 
It is possible that hybridoma DNA, encoding the unexpressed 

model of C595 to produce the minii energy conformation for the alleles of C595 heavy and light chains, could have been isolated, 
model (-O-). The maximum derivative is also indicated (-R-). cloned and sequenced instead of those representative of the 

-180 135 180 

Phi (degrees) 

Figure 3. Ramachandran plot analysis of the minimised molecular 
model of the variable region of the C595 antibody (for non-glycine 
and non-proline residues). This analysis examines to what extent do 
and J, angles about GX calculated in the model are allowable on the 
basis of steric hindrance. 
Plot statistics: 
Residues in most favoured regions [A,B, L] 
Residues in additionally allowed regions [a, b, 1, 

PI 
Residues in generously allowed regions [-a, -b, 
-1, -PI 
Residues in disallowed regions 

150 81.1% 

32 17.3% 

2 1.1% 

Number of non-glycine and non-proline residues 
1 0.5% 
185 190.0% 

Number of end residues 3 
Number of glycine residues (shown as triangles) 22 
Number of proline residues 
Total number of residues 

9 
219 

shown in Figure 4a with the hypervariable loops clearly located 
at the upper end of the structure. A view from above the CDR 
region illustrates the compact array of loops surrounding a cleft 
or depression within this region (Figure 4b). The compact 
packing around this cleft may also be visualised by examination 
of Figure 4c showing a CPK (Corey-Pauling-Koltun) represen- 
tation of the same view of the CDR domains shown in the ribbon 
style model in Figure 4b. 

DISCUSSION 
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Figure 4. Molecular models of the variable region of the CS9S 
antibody. Figures 4a and 4b show a ribbon style presentation of the 
protein backbone. Figure 4c shows the same view as in Figure 
4b, over the C595 CDR loops in a CPK (Corey-Pauling-Kolh) 
representation. In each figure, the light chain is depicted in white and 
the heavy chain is gold. V, CDR loops are coloured green and V, 

CDR loops are purple. 

monoclonal antibody. This seems unlikely for three reasons. 
Firstly, at the time of harvest, the C595 hybridoma was growing 
at log phase and analysis of the supernatant derived from these 
cells by ELISA showed the secretion of a high titre of C595 
antibody. This would indicate the presence of a large amount 
of antibody encoding mRNA within the hybridoma. With a 
substantial excess of message for the secreted antibody, the 
chances of an amplifying message from the normally unexpressed 
alleles present in these cells would be remote. Secondly, the 
data generated through molecular biological techniques are in 
agreement with the data originating through N-terminal protein 

sequencing, relating the transcribed and translated DNA mess- 
ages to the expressed protein. Finally, PCR products representa- 
tive of C595 variable regions have been incorporated into 
appropriate vectors for the production of a recombinant single 
chain variable fragment scFv (rscFv) and recombinant Fab 
(rFab) fragments using phage display technology [30]. Prelimi- 
nary examination of the binding of C595 rFab expressed on the 
phage head by ELISA indicates an antigen specificity essentially 
identical to the native C595 antibody. These findings suggest 

that the PCR products used in DNA sequencing represent the 
DNA encoding for the C595 antibody in the hybridoma. 

It is possible that errors of transcription could have occurred 
during cDNA synthesis and that proof reading errors could have 
been introduced during the PCR amplification. This seems 

improbable since numerous independently cloned and 
sequenced PCR products originating from separate RNA extrac- 
tions yielded the same sequences for each particular VH or VI. 
encoding DNA fragment. The only differences in sequence 
occurred at the 3’ ends of the PCR products where the poly- 
merase enzyme had incorporated differing numbers of adenosine 
nucleosides. The addition of these nucleosides is a natural 
function of the enzyme, does not affect the determination of the 
DNA sequence for C595 variable regions and is a property 
resourcefully utilised in the TA cloning’rM strategy. 

The sequences of five of the six C595 CDR loops were 

comparable with’ those in libraries of canonical structures, 
whereas no canonical structures exist for H,. The epitope for the 
C595 antibody is the simple tetra peptide R I’ A I’, and it has 
been determined that the arginine residue is an essential amino 
acid for recognition by the C595 antibody. Replacement of 
this residue with any of the other natural amino acids is not 
permissible for antibody binding [8]. A putative arginine binding 
site is centred around the H3 loop since three of the first four 
aspartic acid residues on the H3 loop are surface accessible, and 
their side chains may interact with the charged arginine residue 
in the epitope. As combining site residues need to be positioned 
precisely in order to take full advantage of electrostatic, hydrogen 
bonding and van der Waals interactions [31], additional evidence 
is required to define a putative site. Clearly, new methodologies 
are required for the characterisation of antigen-antibody interac- 
tions at the molecular and atomic levels and such techniques 
should have the capacity to accommodate the dynamic aspects 
of the interactions as they occur in solution. At present, high 
field nuclear magnetic resonance (NMR) spectroscopy would 
appear to offer many advantages in this respect although the 
combination of NMR with molecular modelling and X-ray 
crystallography should prove the most effective. Structural 
studies incorporating these techniques, on rscFv and rFab 
fragments of C595 produced through PCR and phage display 
technology, should assist in resolving the three-dimensional 
structure of the binding site of this antibody. 

The relationships between the amino acid sequences of immu- 
noglobulins and the structures of their antigen binding sites 
are critical for understanding the molecular basis of antigen 
recognition. Antibody modelling is an important approach in the 
assembly of structural information relevant to these interactions. 
These data are invaluable for future work directed towards the 
development of specifically designed antibodies engineered to 
be preferentially reactive with human turnour cells. Site specific 
mutagenesis of C595 encoding DNA, expression ofmutant C595 
rFab or rscFv fragments and subsequent binding studies should 
give an insight into the key residues in the CDRs involved in 
antigen recognition. In addition, primary sequence analysis of 
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the variable region of a murine antibody, supported by the 
results of molecular modelling, provides the foundation for 
further manipulations involving CDR grafting onto a human 
immunoglobulin framework to produce an antibody which 
would be considerably less immunogenic when administered 
into humans. These approaches have already met with success 
in the case of the development of a humanised HMFGl antibody 
which identifies a peptide epitope on the MUCl antigen [32] 
distinct from that defined by the C595 antibody. The findings 
obtained in this study will also assist in the production of 
engineered C595 antibody fragments (Fab, scFv) to be exploited 
for tumour localisation by radioimmunoscintigraphy and have 
the potential to be utilised as the preferred reagents for radioim- 
munotherapy. 

In summary, the present investigation has been developed 
to provide a better understanding of the nature of antibody 
interaction of C595 with Iproducts of the MUCl gene. Our 
intention is to utilise the information presented here to establish 
a basis for future rational design of engineered antibodies and 
their respective fragments with increased or modified affinity for 
antigens aberrantly expressed as a consequence of malignant 
transformation and increased potential usage in viva. The nature 
of the experimentation outlined here, facilitates rapid and 
efficient parallel studies to be performed on other antibodies 
reactive with MUCl mucins, as well as antibodies recognising 
other tumour related antigens. 
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