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Epitope Mapping of Twelve Monoclonal Antibodies
Against the Phenolic Glycolipid-I of M. leprael

Tsuyoshi Fujiwara, Fumishige Minagawa, Yoshiki Sakamoto, and
James T. Douglas 2

Monoclonal antibodies (MAbs) because
of their unique specificity and high poten-
tial affinity for specific epitopes, which may
be targets on clinically important mole-
cules, deserve close and accurate examina-
tion as to their binding specificities. The use
of MAbs for identification of the location of
specific antigens in tissues and their pres-
ence in clinical samples is one of their very
important potential applications. The under-
standing of a disease such as leprosy,
caused by Mycobacterium leprae which has
to date resisted all attempts at in vitro culti-
vation, can be greatly enhanced by the ap-
plication of MAbs.

To this end, a number of MAbs have
been produced against antigens of M. lep-
rae. Among these MAbs, MAbs directed to
the phenolic glycolipid-I (PGL-I) of M. lep-
rae were one of the major groups. PGL-I is
of interest because of the high specificity to
leprosy and the immunological roles of the
molecule in the host ( 7 . "• 15 ). Recently, poly-
clonal antibodies and MAbs have been used
for the direct detection of M. leprae or the
PGL-I antigen in tissue of clinical speci-
mens such as serum and urine How-
ever, little is known about the binding sites
of MAbs reacting with the sugar determi-
nants of PGL-I. The antigenic determinant
of PGL-I is shown to be the trisaccharide,
0-(3,6-di-O-methyl-P-D-glucopyranosyl)-
(14)-0-(2,3-di-0-methyl-a-L-rhamnopy-
anosyl)-( — 2)-(3-0-methyl-a-L-rhamno-
pyranose), which can be synthesized by
chemical methods ( 3 ). With the develop-
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ment of the methods of synthesizing the
antigenic structures for these sugars, it is
now possible to obtain a variety of sugars
with the closely related structures in the
form of a conjugate with bovine serum al-
bumin (BSA) ( 1 . 3 . 4 ' 5 ). The combination of
these conjugates, which are well defined on
the chemical structures, and a variety of
MAbs provides an excellent model for
studying the mechanism by which antibod-
ies recognize the sugar epitopes.

In this paper, we characterize the binding
site specificity of MAbs produced by differ-
ent mouse hybridoma cell lines for the
sugar epitopes of PGL-I. The MAbs were
investigated for the participation of individ-
ual sugars in their binding sites by examin-
ing the reactivity in ELISA and in ELISA
inhibition assays with the synthetic con-
structs mimicking the mono-, di- and trisac-
charide of the PGL-I molecule and the
trisaccharides with different anomeric con-
figurations.

MATERIALS AND METHODS
Antigens. Ten sugars (Table 1) closely

related to the trisaccharide of PGL-I were
synthesized by the methods reported previ-
ously or by similar methods ( 3 . 4). They
were coupled to bovine serum albumin
(BSA, Fraction V; Sigma Chemical Co., St.
Louis, Missouri, U.S.A.) by the aryl azide
method as described by Lemieux, et a! (s).
Synthesized sugar-BSA conjugates (syn-
thetic antigens) contained 20-40 moles of
the sugar molecule per one mole of BSA.
The synthetic antigen NT-P-BSA had the
same structure as the trisaccharide and phe-
nol group of PGL-I. NT-P-BSA was used as
the control for the reactivity of MAbs. The
sugar structure of NT-H-BSA was the same
as that of PGL-I but it did not have a phenol
group.

Monoclonal antibodies. Twelve MAbs
directed to the sugar part of PGL-I were
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TABLE 2. List of monoclonal antibodies
studied.

Antibody Source'class

mAb (1-21)^NT-P-KLH^IgG^A
mAb (1-24)^NT-P-KLH^IgG^A
mAb (1-25)^NT-P-KLII^IgG^A
nil 6Al2^PGL-I^IgG^B
ml 8A2^PGL-I^IgG^B
ml 8B2^PGL-I^IgG^B
F47-21-3^PGL-I^IgG^C
PG2 B8F^PGL-I^IgM^D
SF I^PGL-I^IgG,^E
3D1-A9^NT-P-KLH^IgGi^E
DZ 1^NT-P-MBSA^IgGi^F
mAb 2G3-A8^NT-P-KLH^IgA^E

KLH = Keyhole limpet hemocyanin; MBSA =
methhylated bovine serum albumin.

'' A = M. Ikeda and Y. Nishimura (Fujirebio Inc.,
Japan); B = P. J. Brennan (Colorado State University,
U.S.A.); C = CDC/WHO Monoclonal Antibody Bank,
ref. no. MC-7740; D = CDC/WHO Monoclonal Anti-
body Bank, ref. no. MC-5803; E = Y. Sakamoto, F.,
Minagawa, and T. Fujiwara (National Institute for In-
fectious Diseases Research, Japan); F = J. T. Douglas
(The University of Hawaii, U.S.A.).

tested in this study. The sources and charac-
teristics of these MAbs are listed in Table 2.

Buffers. Carbonate buffer (pH 9.3) con-
sisting of 35 mM sodium hydrogen carbon-
ate and 15 mM sodium carbonate was used
for the coating of the antigen. The washing
buffer and dilution buffer have been previ-
ously reported(4 ).

ELISA. ELISA was conducted by the
conventional method previously reported
(4). Fifty 1,11 of antigen solution in carbonate
buffer containing 31.4-0.0314 nM of sugar
was used. Peroxidase-conjugated rabbit im-
munoglobulin to mouse immunoglobulin
was employed as a second antibody in the
dilution of 2000-fold. Serological reactivity
was expressed by A492 -A(,0). The reactivity
of MAb was measured under the dilutions
of 800-1500-fold for mAb (1-21), mAb (1-
24), mAb (1-25), ml 6Al2, ml 8A2, ml
8B2, F47-21-3, PG2 B8F, SF 1, 3D1-A9,
2G3-A8 or 80,000-fold for DZ1, which
gave the A492-A660 value of about 1.0.

ELISA inhibition assay. A microplate
was coated with 50 pl of NT-P-BSA (0.314
nM as the sugar in carbonate buffer). After
washing and blocking, the mixture of MAb
and inhibiting antigen was added (final con-
centration of 31.4 nM). The plate was incu-
bated for 1 hr at 37°C, washed, and the re-

maining activity was measured by the usual
ELISA method ( 4 ).

RESULTS
In order to determine the regions of the

trisaccharide of PGL-I which the MAbs
recognized, reactivities to various synthetic
antigens were titrated against the concentra-
tions of the synthetic antigens in an ELISA.
The results were also confirmed by an
ELISA inhibition assay. In order to simplify
the description, three glycosidic linkages in
the trisaccharide of PGL-I are described as
L 1, L2, and L3 from the outer end (nonre-
ducing end) to inner end (reducing end) of
the trisaccharide of PGL-I.

MAb (1-21). MAb (1-21) had almost
the same levels of the reactivity to NM-P-,
ND-P- and NT-H-BSA as that to NT-P-
BSA, which had the same trisaccharide and
phenol group structures of PGL-I (Fig. la).
MAb (1-21) did not have any reactivity to
IM-P- and ID-P-BSA, which lacked an
outer terminal 3,6-di-O-methylglucose
(NM). Thus, mAb (1-21) recognized only
the outer terminal monosaccharide. In an
ELISA inhibition assay, the reactivity to
NT-P-BSA was not inhibited by NM-P-
BSA (Table 3), although the reactivity of
mAb (1-21) to NM-P-BSA was inhibited
by NM-P-, ND-P-, and NT-P-BSA (data not
shown). This indicates that the affinity of
mAb (1-21) to NM-P-BSA was weak and
that some contributions of the second sugar
were required to have strong affinity to the
antigen, although the specificity of the
binding was determined by NM.

To examine whether or not mAb (1-21)
recognized the anomeric configurations of
three linkages (LI, L2, and L3) in the
trisaccharide, an ELISA was conducted on
the synthetic antigens with modified
anomeric configurations (Fig. la). Modifi-
cation of the anomeric configuration of Li
(aaaT-P-BSA) caused a great loss of reac-
tivity of mAb (1-21). No decrease of the re-
activity was detected to the conjugates hav-
ing the modified anomeric configuration of
L2 (f3/3alf-P-BSA) or L3 (flaPT-P-BSA).
Thus, mAb (1-21) recognized only the
anomeric configuration of LI.

MAb (1-24). MAb (1-24) was reactive
with NM-P-, ND-P-, NT-H- and NT-P-BSA
in an ELISA (Fig. I b). MAb (1-24) was in-
active with ID-P- and IM-P-BSA. These
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FIG. I. Reaction kinetics of MAbs to synthetic antigens. Tested MAbs are: mAb (1-21) (a), mAb (1-24) (h),
mAb (1-25) (c), ml 6Al2 (d), ml 8A2 (e) and ml 8B2 (f). Tested antigens arc: NM-P-BSA ( ), ND-P-BSA
( - ), NT-P-BSA (*-o), NT-H-BSA (e---.), IM-P-BSA ( - ), ID-P-BSA (N-A), aaaT-P-BSA
( ), Pm:RIP-BSA (A-A), PapT-P-BSA ( ), and 2-OH-D-P-BSA (x---x). Reactivity to 2-OH-D-P-BSA
was not tested for mAb (1-21), mAb (1-24), or mAb (1-25).
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results were almost the same as the profile
of the recognition of mAb (1-21). In an
ELISA inhibition assay, the same results
with mAb (1-21) were obtained (Table 3).
Thus, mAb (1-24) recognized NM, but the
affinity to NM-P-BSA was weak, similar to
mAb (1-21).

MAb (1-24) had the same levels of the
reactivity to both Pfioff-P-BSA and f3af3T-
P-BSA as that to NT-P-BSA in an ELISA.
But only weak reactivity to aaaT-P-BSA
at high antigen concentration was detected,
demonstrating that mAb (1-24) recognized
the anomeric configuration of L1 (Fig. lb).

MAb (1-25). MAb (1-25) gave a simi-
lar spectrum of reactivity to that of mAb (1-
21) except to NM-P-BSA (Fig. I c). MAb
(1-25) did not have any reactivity to ID-P-
and IM-P-BSA. It had almost the same
level of reactivity to ND-P- and NT-H-BSA
as that to NT-P-BSA. The reactivity of mAb
(1-25) to NM-P-BSA was different from
mAb (1-21) and mAb (1-24), low at low
antigen concentrations, but it had almost
the same level of reactivity to NT-P-BSA at
antigen concentrations higher than 1.57
nM. This result suggested that mAb (1-25)
recognized NM essentially and that some
parts of the central 2,3-di-0-methylrham-
nose (CM) contributed to the reactivity. In
an ELISA inhibition assay, the reactivity to
NT-P-BSA was not inhibited by NM-P-
BSA (Table 3), although the reactivity of
mAb (1-25) to NM-P-BSA was completely
inhibited by NM-P-, ND-P-, and NT-P-
BSA (data not shown) as was the case for
mAb (1-21).

A large degree of decreasing reactivity
due to the change of anomeric configuration
of LI was detected in the case of aaaT-P-
BSA in an ELISA. It had reduced reactivity
to 13[3aT- P-BSA at low antigen concentra-
tion. But the decrease of the reactivity was
at almost the same level as that to the mono-
saccharide antigen NM-P-BSA (Fig. lc).
No decrease of the reactivity to PaPT-P-
BSA was detected. Thus, mAb (1-25) rec-
ognized the anomeric configuration of LI.

ml 6Al2. MAb ml 6Al2 did not react
with IM-P- and ID-P-BSA in ELISA (Fig.
Id). The reactivities to ND-P-, 2-OH-D-P-,
and NT-H-BSA were close to that of NT-P-
BSA. Reactivity to NM-P-BSA was not de-
tected. In an ELISA inhibition assay the ac-
tivity to NT-P-BSA was completely inhib-

ited by ND-P- and NT-P-BSA (Table 3).
Therefore, ml 6Al2 recognized the outer
disaccharide (ND).

In an ELISA ml 6Al2 did not have any
reactivity with aaaT-P-BSA. It was active
with f3f3(YT- P-BSA and Paf3T-P-BSA, al-
though some decrease of reactivity was de-
tected at a low antigen concentration,
demonstrating that ml 6Al2 recognized the
anomeric configuration of L1 but did not
recognize those of L2 and L3 (Fig. Id). The
fact that ml 6Al2 was reactive with 2-OH-
D-P-BSA with about 75%-85% of the reac-
tivity seen with NT-P-BSA in an ELISA at
a high antigen concentration suggests that
essentially ml 6Al2 did not recognize the
2-0-methyl group of CM.

ml 8A2. MAb ml 8A2 had a similar
profile of reactivity to that of ml 6A 12 ex-
cept that ml 8A2 gave only weak reactivi-
ties to both 2-OH-D-P- and f3PdT- P- BSA
(Fig. le) in an ELISA. In an ELISA inhibi-
tion assay the reactivity to NT-P-BSA was
inhibited completely by ND-P-BSA or NT-
P-BSA (Table 3). Thus, ml 8A2 recognized
the ND, the anomeric configurations of L I
and L2, and the 2-0-methyl group of CM.

ml 8B2. M18B2 had a profile very sim-
ilar to the recognition of ml 8A2 in an
ELISA (Fig. 1 f), leading to the conclusion
that ml 8B2 recognized the ND and the
anomeric configurations of L 1 and L2, and
the 2-0-methyl group of CM. The results of
an ELISA inhibition assay supported the
conclusion (Table 3).

PG2 B8F. PG2 B8F had almost the
same levels of reactivity to ND-P- and NT-
H-BSA as that to NT-P-BSA. It did not
have the reactivity to NM-P-, IM-P-, and
ID-P-BSA. PG2 B8F showed slightly re-
duced reactivity to 2-OH-D-P-BSA (Fig.
2a). These results showed that PG2 B8F
recognized the ND and did not recognize
the 2-0-methyl group of CM. An ELISA
inhibition assay supported the conclusion
(Table 3).

PG2 B8F was reactive with f3af3T- P-
BSA. But only slight reactivity to aaaT-P-
and MaT-P-BSA was found in the ELISA,
showing that PG2 B8F recognized the
anomeric configurations of both LI and L2.

F47-21-3. F47-21-3 had the same level
of reactivity to NT-H-BSA as that to NT-P-
BSA (Fig. 2b). Reduced reactivity to ND-P-
BSA was detected. No reactivity to NM-P,
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TABLE 3. ELISA inhibition assay of
monoclonal antibodies studied.

Reactivity . '

inAb (1-21)^Buffer^0.841
NM-P-BSA^0.806
ND-P-BSA^0.152
NT-P-BSA^0.063

titAb (1-24)^Buffer^0.831
NM-P-BSA^0.812
ND-P-BSA^0.104
NT-P-BSA^0.063

mAb (1-25)^Buffer^1.077
NM-P-BSA^1.008
ND-P-BSA^0.174
NT-P-BSA^0.042

ml 6Al2^Buffer^1.077
ND-P-BSA^0.097
NT-P-BSA^0.045

ml 8A2^Buffer^1.016
ND-P-BSA^0.174
NT-P-BSA^0.056

ml 8B2^Buffer^1.007
ND-P-BSA^0.043
NT-P-BSA^0.038

PG2B8F^Buffer^1.031
ND-P-BSA^0.105
NT-P-BSA^0.081

F47-21-3^Buffer^1.112
ND-P-BSA^0.396
NT-P-BSA^0.098

SF I^Buffer^0.973
NT-H-BSA^0.121
NT-P-BSA^-0.134

3D1-A9^Buffer^1.087
NT-H-BSA^1.033
NT-P-BSA^0.105

DZ 1^Buffer^1.145
ND-P-BSA^1.110
NT-P-BSA^0.103
IM-P-BSA^1.037
ID-P-BSA^0.098

2G3-A8^Buffer^0.965
ND-P-BSA^0.912
NT-P-BSA^0.114
NT-H-BSA^0.921
IM-P-BSA^0.103
ID-P-BSA^0.078

Absorbance a ,, - Absorbance

2-OH-D-P-, aaarf-P-, Marf-P-, and [3aPT-
P-BSA was detected. In an ELISA inhibi-
tion assay, the reactivity to NT-P-BSA was
inhibited completely by NT-P-BSA, and
about 62% by ND-P-BSA (Table 3). The
reactivity to ND-P-BSA was inhibited by
ND-P-BSA and NT-P-BSA almost com-
pletely (data not shown). Therefore, it was
concluded that F47-21-3 recognized the
ND, the 2-0-methyl group of CM and some
part of the IM and the anomeric contigura-

tions of L I and L2. It was found that the
change of the anomeric configuration of L3
caused a complete loss of reactivity, indi-
cating that the anomeric configuration of L3
had a considerable contribution to the
recognition of F47-21-3, although the con-
tribution of the inner disaccharide (IM) was
only small.

SF 1. SF 1 had a very strict structural
requirement for the expression of reactivity.
SF I had reactivity only to NT-H-BSA
other than NT-P-BSA (Fig. 2c). It was clear
that SF I recognized the whole structure of
the trisaccharide and all of three anomeric
configurations. The reactivity of SF 1 to
NT-P-BSA was inhibited only by NT-P-
BSA or NT-H-BSA in an ELISA inhibition
assay (Table 3), supporting the conclusion.

3D1-A9. 3D I -A9 had a more strict
structural requirement for its reactivity than
SF 1. MAb 3D1-A9 was reactive only with
NT-P-BSA (Fig. 2d). MAb 3D1-A9 did not
show any reactivity to NT-H-BSA. Reactiv-
ity to NT-P-BSA was inhibited by only NT-
P-BSA in an ELISA inhibition assay (Table
3). MAb 3D I -A9 was inactive to PGL-I it-
self. Therefore, 3D1-A9 recognized the phe-
nol group and the structure around the pep-
tide bond at the branching point of the syn-
thetic trisaccharide from the carrier protein in
addition to the whole trisaccharide structure
and all three of the anomeric configurations.

DZ 1. Differing from other MAbs
tested, DZ I had high reactivity to ID-P-
BSA and NT-P-BSA but did not have any
reactivity to NM-P-, ND-P- or IM-P-BSA
(Fig. 2e). DZ I reacted with NT-H-BSA at
the same level of reactivity as to NT-P-BSA.
In an ELISA inhibition assay the reactivity
of DZ 1 to NT-P-BSA was inhibited by ID-
P- and NT-P-BSA (Table 3), but it was not
inhibited by ND-P-BSA and IM-P-BSA.
The reactivity to ID-P-BSA was inhibited
by ID-P- and NT-P-BSA completely (data
not shown). These results showed that DZ 1
recognized only the inner disacharide (ID).

DZ I had the same level of the reactivity
to aaaT-P-BSA as to NT-P-BSA in an
ELISA. DZ I showed only weak reactivi-
ties to both f3PaT-P-BSA and PaPT-P-BSA
even at high antigen concentrations, show-
ing that DZ 1 recognized the anomeric con-
figurations of L2 and L3.

2G3-A8. 2G3-A8 had almost the same
level of reactivity to IM-P-, ID-P-BSA as to
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Fin. 2. Reaction kinetics of MAbs to synthetic antigens. Tested MAbs are: PG2 B8F (a), F47-21-3 (b), SF 1
(c), 3D1-A9 (d), DZ 1 (c), and 2G3-A8 (f). Symbols for synthetic antigens are same as those in Fig. I. Reactiv-
ity to 2-01-1-D-P-BSA was not tested for SF 1, 3D1-A9, DZ 1, or 2G3-A8.

NT-P-BSA. No reactivity to NM-P-, ND-P-
or 2-OH-D-P-BSA was detected (Fig. 2f).
In an ELISA inhibition assay, the reactivity
to NT-P-BSA was inhibited by ony one of
IM-P-, ID-P- and NT-P-BSA. This reactiv-

ity was not inhibited by NM-P- or ND-P-
BSA (Table 3). Thus, 2G3-A8 recognized
the IM. Different from DZ I, 2G3-A8 did
not have any reactivity to NT-H-BSA and
its reactivity to NT-P-BSA was not inhib-
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ited by NT-H-BSA (Table 3). MAb 2G3-A8
did not have reactivity to PGL-I as was the
case for 3D1-A9. Therefore, it is concluded
that 2G3-A8 recognized the IM, the phenol
group, and the structure around the branch-
ing point on the carrier protein.

MAb 2G3-A8 gave a reduced level of re-
activity to aaceT-P- and PPoff-P-BSA com-
pared to NT-P-BSA, hut the decrease of the
reactivity was small. No reactivity was de-
tected to f3af3T-P-BSA. Thus, 2G3-A8 recog-
nized only the anomeric configuration of L3.

DISCUSSION
A detailed analysis of the recognition

sites of 12 MAbs by using synthetic sugars
closely related to the trisaccharide of PGL-I
indicates that MAbs recognized the sugar
structure of PGL-I strictly. They recognized
each monosaccharide residue which con-
sists of the trisaccharide of PGL-I and their
anomeric configurations. They were classi-
fied roughly into five groups which recog-
nized: 1) the outer monosaccharide (NM)
[mAb (1-21), mAb (1-24), mAb (1-25)]; 2)
the outer disaccharide (ND) (ml 6Al2, ml
8A2, ml 8B2, PG2 B8F, F47-21-3; 3) the
trisaccharide (NT) (SF-1) or NT, the phenol
group, and the structure around the branch-
ing point on the carrier protein (3D1-A9);
4) the inner disaccharide (ID) (DZ 1); or
5) the inner monosaccharide (IM), the phe-
nol group, and the structure around the
branching point on the carrier protein (2G3-
A8) as summarized in Fig. 3. Among ND-
recognizing MAbs, ml 6Al2, and PG2 B8F
did not recognize the 2-0-methyl group on
CM, indicating that the minimum regions
which were recognized by these MAbs are
not whole structures of the disaccharide. In
cases of MAbs classified as NM-recogniz-
ing MAbs, their affinities to the NM were
weak. They required the contribution of the
second sugar for strong affinity. This proba-
bly means that these MAbs recognized some
small part of the CM, but they are reactive
even in the condition in which they bound to
the antigen loosely. This was found also in
F47-21-3, which had reduced activity to ND-
P-BSA but was still reactive. Therefore, the
grouping by the sugar residue unit is a
rough one and has some ambiguity for rep-
resenting the epitopes recognized by these
MAbs.

3DI-N)

SF 1

F47-21-3

m1 8A2, ml 8B2, PG2 B8F

ml 6Al2

mAb (1-25)
0-0-012C112CONII-

mAb (1-24) CH3
mAb (1-21)

CII,00I,

....?

II()

 () ,- o Q
oc ii ,^(Th

()II^OW 001,

DZ 1

2G3-A8

FIG. 3. Recognition sites of the MAbs. — = Re-
gions recognized by the MAbs; = regions which
have some contributions to the reactivity of MAbs.

It was found in this study that mice mainly
produced ND-recognizing MAbs and some
NM-recognizing MAbs by immunization
with PGL-I or with synthetic trisaccharide-
protein conjugates. A similar result was ob-
tained for the sera of leprosy patients ( 12).
These results are consistent with the well-
known facts in various biologically impor-
tant sugar antigens, such as gangliosides
and lipopolysaccharides, that anti-sugar
MAbs recognize their epitopes present at
the outside of the sugar chain ' 4). This ex-
plains well the earlier findings that 3,6-di-
0-methylglucose of PGL-I was necessary
for the expression of reactivity of PGL-I to
the patients' sera and that the outer disac-
charide-BSA and the trisaccharide-BSA
conjugates had close reactivity and speci-
ficity with human leprosy sera (').

MAbs recognizing the inner end (reduc-
ing end) sugar (DZ 1, 2G3-A8) were also
obtained, although the production of MAbs
recognizing the inner part of the sugar chain
is rare in most cases. One of the reasons for
this may be that the conformation of NT-P
in aqueous solution was the one in which
the CM and IM residues were exposed to
the outside. Molecular modeling by molec-
ular force field calculation using Macro-
Model programs and a nuclear magnetic
resonance (NMR) study suggested that the

(11,11( 11f
0^
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NT-P molecule was in the conformation in
which the sugar chain is bent between the
CM and IM residues of the trisaccharide
chain. In this conformation, the area around
C3-C4-05 of the reducing-end IM residue
and the area around C3-C4-05 of the CM
residue had a large open space to the out-
side, thus supporting this possibility.

This set of MAbs whose specificities
were well defined provides a useful tool for
many kinds of studies, such as the identifi-
cation of M. leprae, the detection of PGL-I
in biological specimens by using two MAbs
which recognize different sites (a), purifica-
tion of the synthetic saccharide antigen by
an affinity chromatography, and immuno-
histological staining of M. leprae, etc. (6).
The set of a variety of MAbs and synthetic
antigens may be useful for the analysis of
the composition of the polyclonal antibod-
ies against PGL-I in patients' sera, which
may have a close relationship to the health
status of the patients. Among MAbs tested
SF 1 required the complete structure of the
whole trisaccharide of PGL-I for its reactiv-
ity, showing that SF 1 has an extremely
high specificity to PGL-I. Therefore, it is
especially useful for these studies.

SUMMARY
Epitope mapping of 12 monoclonal anti-

bodies (MAbs) directed to the trisaccharide
part of the phenolic glycolipid-I (PGL-I) of
Mycobacterium leprae was carried out by
using the set of chemically synthesized
sugar-BSA conjugates. The results can be
summarized as follows: mAb (1-21), mAb
(1-24) and mAb (1-25) recognized the outer
(nonreducing end) monosaccharide of the
trisaccharide chain of PGL-I. However, the
affinity of these MAbs to the outer mono-
saccharide was weak. They required the
contributions of some parts of the second
sugar for enough affinity. MAbs ml 6A 12,
ml 8A2, ml 8B2, and PG2 B8F recognized
the outer disaccharide. MAb F47-21-3 rec-
ognized the outer disaccharide and some
parts of the third sugar. MAb SF I recog-
nized the trisaccharide of PGL-I. MAb
3D1-A9 recognized the phenol group and
the structure around the branching point on
the carrier protein in addition to the trisac-
charide. MAbs DZ I and 2G3-A8 had
unique characters which recognized the in-

ner part of the sugar chain. MAb DZ 1 rec-
ognized the inner (reducing end) disaccha-
ride. MAb 2G3-A8 recognized the inner
monosaccharide, phenol group and the
structure around the branching point on the
carrier protein. All of the MAbs tested, ex-
cept for ml 6Al2, recognized the anomeric
configurations in the sugar parts they recog-
nized; ml 6Al2 recognized the anomeric
configuration only within the outer disac-
charide. This set of MAbs, which were well
defined on their binding specificity, promises
to be an effective tool for the immunologi-
cal study of PGL-I and the clinical assess-
ment of leprosy.

RESUMEN
Se analiz° Ia reactividad de 12 anticuerpos mono-

clonales (mAbs) dirigidos contra el trisacdrido del gli-
colipido (PGL-I) de Mycobacterium leprae
usando una serie de anicares sinteticos conjugados a
BSA. Los resultados pucden resumirse comp sigUe: los
mAbs (1-21), (1-24) y (1-25) reconocicron al mono-
sacarido externo (extremo no reductor) dcl trisaczirido.
Sin embargo, la atinidad de cstos mAbs por el mono-
sacarido fue debit y se requiriO de la contribución de
algunas partes del segundo az:near para mayor afini-
dad. Los mAbs ml 6Al2, ml 8B2 y PG2 B8F, re-
conocicron al disaczirido externo. El mAb F47-21-3 re-
conoció al disacarido cxtcrno y algunas parses del ter-
cer azUcar. El mAb SFI reconoció al triszicarido del
PGL-I. El mAb 3D1-A9 reconoció al grupo fenol y la
estructura alrededor dcl punto de ramiticación de Ia
protelna acarreadora, ademas del trisacArido. Los
mAbs DZ1 y 203-A8 reconocicron la parte interim de
Ia cadena dcl trisacarido. El mAb DZI reconociO al
disaczirido intcrno (extremo reductor). El mAb 203A8
reconoció al monosacarido interno, al grupo fenol, y a
la cstructura alrededor del punto de ramiticación de la
protelna acarreadora. Todos los anticuerpos mono-
clonales probados, cxcepto el ml 6Al2, reconocieron
las configuraciones anoméricas de los azUcares re-
conocidos; el ml 6A 12 reconoció la contiguración
anomérica solo denim del disacarido cxtcrno. Esta se-
rie de anticuerpos monoclonales, los cuales fueron
hien definidos en cuanto a su especiticidad de enlaza-
miento, promete stir de gran utilidad en el estudio in-
munológico dcl PGL-I y en el establecimiento clinico
de la enfermedad.

RÉSUMÉ
La carte des épitopes de 12 anticorps monoclonaux

(Acm) diriges contre Ia fraction trisaccharidique du
glycolipide phénolique I (PGL-I) de Mycobacterium
leprae a eté realistic a l'aide de Ia série de conjugues
sucre-BSA synthetises chimiquement. Les résultats
peuvent are résumés comme suit : Ics Acm (1-21),
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Acm (1-24) et Acm (1-25) reconnaissaient le mono-
saccharide externe (extrémité non-réductrice) de Ia
chaine trisaccharidique de PGL-I. Cependant, l'affinité
de ces Acm pour le monosaccharide terminal etait
faible. La contribution de ccrtains fragments du deux-
ieme sucre emit nécessaire pour que l'allinité spit stiff-
isante. Les Acm ml 6A 12, ml 8A2, nil 8B2 et PG2
B8F reconnaissaient le disaccharide terminal. L'Acm
F47-21-3 reconnaissait le disaccharide terminal et cer-
taines portions du troisième sucre. L'Acm SF I recon-
naissait le trisaccharide de PGL-I. L'Acin 3D I -A9 re-
connaissait le groupe phenol et la structure amour du
point de branchement stir Ia protéine porteuse, en plus
du trisaccharide. Les Acm WI et 2G3-A8 avaient des
caracteres uniques qui reconnaissaient la partie interne
de to chine de sucre. DZI reconnaissait le di-
saccharide interne (extrémité réductrice). L'Acm 203-
A8 reconnaissait le monosaccharide interne, le groupe
phenol et Ia structure autour du point de branchement
sur la protéine porteuse. Tous les Acm testes, a [ex-
ception du ml 6A 12, reconnaissaient les configurations
anomeriques dans les parties des sucres qu'ils recon-
naissaient; mI 6Al2 reconnaissait la configuration
anomérique settlement dans lc disaccharide externe.
Cette série d'Acm, qui oat été Bien &finis quant
lours spécificités de liaisons, promet d'être un outil ef-
ficace pour l'etude immunologique du PGL-I et [eval-
uation cliniquc de la lèpre.
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