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Abstract: A new saturation transfer difference 1D-TOCSY NMR experiment that allows the investigation
of complex ligands interacting with proteins and its application in the mapping of which portions of
oligosaccharide ligands (epitope) interact with a complementary antibody are described. The interaction
between trisaccharide and hexasaccharide ligands, corresponding to fragments of the cell-wall polysac-
charide of Streptococcus Group A, and a monoclonal antibody directed against the polysaccharide is
investigated at the molecular level. The polysaccharide consists of alternating a-(1—2) and a-(1—3) linked
L-rhamnopyranose (Rha) residues with branching N-acetyl-p-glucopyranosylamine (GlcNAc) residues linked
-(1—3) to alternate rhamnopyranose rings. The epitope is proven to consist not only of the immunodominant
GIcNAc sugar but also of an entire branched trisaccharide repeating unit. The experimental NMR data
serve to check and validate the computed models of the oligosaccharide—antibody complexes.

1. Introduction the invasive infections such as necrotizing fasciitis, STSS, and
tmyositis.”H’ Current therapy for these conditions involves high
doses of antibiotics and intravenous administration of immu-
noglobulins. Despite the use of aggressive surgery, the mortality
rate for these infections remains high.
The cell-wall polysaccharide of GAS is an ideal target for
gaccine development, and the effectiveness of GAS polysac-
charide conjugates as vaccines has also been demonstrated.
However, the use of chemically well-defined oligosaccharide
topographies, presented at high density as a glycoconjugate,
might be preferred to elicit discriminating immune respori8és.
We describe here the use of NMR methods to define the critical
portions of the oligosaccharide recognized by a monoclonal
antibody directed against the cell-wall polysaccharide. Such
knowledge can be used to advantage in the design of the next-
generation vaccines.
The cell-wall polysaccharide of GAS consists of a paly-
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Current trends in vaccine strategies include the developmen
of chemically well-defined, synthetic vaccines. The use of pure
protein or glycoconjugate vaccines avoids potential adverse
reactions due to contamination and the potential risks of live
attenuated organisms. Group Atreptococcus(GAS) are
widespread human pathogens, causing streptococcal pharyngiti
(strep throat), some forms of pneumonia, streptococcal toxic
shock syndrome (STSS), and necrotizing fasciitis or flesh-eating
diseasé.Streptococcal infections may lead to further complica-
tions such as rheumatic fever, scarlet fever, rheumatic carditis,
heart valve disease, and acute glomerulonepHritig vaccine
strategy would be greatly preferred over the current antibiotic
strategy, to avoid the possible development of antibiotic
resistancé.” In addition, in the past decade, there has been an
alarming increase in the incidence of rheumatic féward of

Disease in Developing Countries. 1. A Major Public Health Probl&HO 135, 1999.
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Figure 1. Structures of the Group Streptococcusell-wall polysaccharide and of branched trisaccharideafid hexasaccharidg)(fragments recognized

by antibodies.

glycoconjugate)s—1° have been used to select and characterize to probe the conformations of ligands bound to receptors and

polyclonal antibodies and to develop monoclonal antibotie.

to define the critical epitope, that is, the portions of the ligand

GIcNAc has been characterized as the immunodominant in close contact with the proteftt. In addition, STD-NMR

monosaccharide component of the cell-wall polysacch&tide,

experiments have been used to screen complex mixtures of

defined as the sugar that contributes the majority of binding compounds for ligands that bifVogtherr and Petefshave

energy?? However, it is important to note that the immun-

described the use of STD-NMR, in combination with chemical

odominant sugar is only part of a larger topographical sur- modification, for the simultaneous epitope mapping of a library
face2223 |mmunochemical studies have indicated that the Of ligands, and the use of STD-2D-NMR methods, for example,
branched trisaccharide unit, Rbatl—2)-(GIcNAc-p-(1—3)- STD-TOCSY and STD-HMQC.

)Rha, is required for even moderate binding to most anti-GAS ~We report here the design of a new STD-1D-TOCSY
antibodies (Abs), and optimal binding is achieved by the €Xperiment that permits the rapid, selective investigation of

extended topography presented by tetra- to hexasaccharidénhancements in crowded regions of an NMR spectrum. The
ligands!417.20.21Correspondingly, although anti-GAS polyclonal ~ Selective 1D analogue of 2D-TOCSY allows the selection of

and monoclonal Abs may bind weakly to Glc, 202124 25nj- particular spin systems out of a complex spectrum. The use of
GAS antibodiesare not elicited by immunization with glyco- & 1D-TOCSY sequence over the 2D variant offers a significant
conjugates comprising less than a pentasacchatide saving in experimental time. This feature is particularly

The use of NWR spectoscop allows an unambiguous char- TP 1 <25 ofdference expererts e s 570,
acterization of proteirtligand interactions at the molecular level. ’

Thus, a combination of transferred NOE (trN@E3nd satura- useful signal-to-noise ratio is only achieved by averaging a large

tion transfer difference (STBJ 3 experiments has been used numbgr of scans. Th_ese experiments, tqgether W'.th UrNOE
experiments, are applied to the investigation of an important

immunological problem, namely the interaction between an anti-
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GAS monoclonal antibody, Strep29and the oligosaccharide
ligands 1 and 2 (Figure 1). The problem is of significance
because of the need for highly defined, targeted vaccines that
avoid autoimmune reactiohi$25to GAS.
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Figure 2. 1D 'H NMR spectrum (top) and 1D STD-NMR spectrum (bottom) of trisacchatide the presence of the antibody. Intensities are given in
Table 1.
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Figure 3. Expansion of a crowded region of the 2B NMR spectrum (top) and STD-NMR spectrum (bottom) of trisacchatidte the presence of the
antibody, containing enhancements to be investigated by STD-1D-TOCSY.

2. Results and Discussion H 90° 180° acq.

The saturation transfer difference NMR spectrum of the o o1 180°,, d3¢1 82
branched trisaccharidein the presence of the antibody revealed I_ d2‘| ” MLEV-16 ﬂ
numerous enhancements (Figures 2,3). The strongest enhance- e l>
ment occurred for the GiAc N-acetyl methyl group, with an Gradients
intensity of 15% in the saturated spectrum relative to a control g1 g2 g3
spectrum. The intensity of this enhancement was normalized
to 100%, and those of the other resonances measured relative {\
to it, to facilitate a comparison of enhancements within the V) U
ligand32 The intensities are presented in Table 1.

The enhancements at 3-63.69 ppm. 3.74+3.73 ppm. 3.43 Figure 4. Pulse sequence for STD-1D-TOCSY. Selective saturation of the
*92.69 ppm, 5. -foppm, 5. protein is performed with a series of Gaussian pulses separated by a short

3.47 ppm, and 3.393.41 ppm are ambiguous in that multiple  gejay d2 (typically 1 ms). Selective excitation of the resonance of interest,
resonances are present at these chemical shifts (Table 1, Figurand phase labeling by gradient pulses, is then accomplished by the series
3). To identify the contributions of each resonance to the 2gom_gols_itisg?;'_|gc2k f‘z'l'g;"eghgy :z?jtifeoniiicu’}‘sigigge‘ﬁig? rgﬁ%ﬂ’,\gfﬁle
obseryed enh?ncements' we dev_eloped_ an STD'lD'TOCSYOn a?lternatepscans, gaturétion ig appliedpfar from prgotein resoﬁéncés, and
eXpel’Iment (Flgure 4) The eXpeI’Iment is based on the 1D- subtraction is accomplished by phase cycling, i&.= x, —X; $2 = X, X.
TOCSY pulse sequence of éle and Berge’f? with gradient- d1 is an optional additional relaxation delay, while d3 is set equal to the
enhanced selection of the resonance of interest using @ 180 'ength of the last gradient (typically 2 ms).

shaped pulse, isotropic mixing during a spin-lock period using intensities of ligand resonances in close contact with the protein,
the MLEV-16 composite puls¥,followed by rephasing. Selec- observed as enhancements in the difference spectrum. In the
tive saturation of the protein resonances is achieved by thecase of 1D-TOCSY, the magnetization of a selectively excited
application of a series of Gaussian pulsesyBi/27 = 100 resonance is distributed to coupled spins by isotropic mixing.
Hz. These pulses are applied at a frequency chosen to coinciddf the intensity of this resonance is decreased by intermolecular
with broad protein resonances without affecting ligand reso- NOE, lower intensities for the coupled spins will also result.
nances, for example;9l1 ppm or 0 to—1 ppm. The saturation ~ This may be observed as enhancements in the difference
is spread quickly through the protein by spin diffusion. spectrum, and the characteristic pattern of the spin system allows
Intermolecular NOE transfer then causes a decrease in theidentification of the enhanced resonance observed in the simple
1D spectrum. Control experiments in the absence of antibody

33) Fake, T.; Berger, SJ. Magn. Reson. A995 113 257—259. ; ; ; ;
2343 Lovitt. M. H. greeman‘ R_g; Frenkiel. T. Mggn.areesonlgsz 47,328 showed complete cancellation of signals in the difference
330. spectra.
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Table 1. STD-NMR Intensities#? of the Oligosaccharides 1 and 2
in the Presence of the Monoclonal Antibody Strep 9

enhancement (%) A)
enhancement (%) in2
resonance inl (A',A;B,B";C,C)
A’ H-1A' 55 82,92
H-2A' 32 87,87
H-6A 6 41, 48
B H-1B n.de¢ 81,81 . i
H-2B 46 85,79 pPM 45 4.0 3.5 3.0 25 2.0 15 1.0
H-3B 32 b, 81
H-6B 10 48, 47
C H-1C 81 82,77 ,
H-3C 74 b,b H-6A
H-6C 66 b, 59
CHsCOC 100 100, 82
Pr Pr OCH 15 b
Pr2-CH 12 59 A [
Pr3-CH 9 68
multiplets ) M«/\_f‘«w
H-3A', H-6C 48
H-5A"/B, H-2C 44 . . . 2.5 2.0 1.5 1.0
H-4B, Pr OCH 28
H-4A', H-4/5C 68
multiplets @) H-BA'
H-3A/B, H-6C 81
H-3A'", H-5A/B', 72
H-2C, H-6C/IC
H-5B, H-2C 92 ~
H-5A", Pr OCH 69
H-4A/B/B', H-3C/C, 92 MWWWW
H-Alla(g/%(,::-SC/C, 84 pPm 45 4.0 35 3.0 25 2,0 15 1.0
H-4A D) \ Pr CH,
- . . . Pr2-CH,
2ntensities are given in %, with respect to a reference 1D spectrum, ProCH PrOCH
and normalized to thal-acetyl methyl group of the GMAc C ring.? The j\

resonances of these protons were coincident with other resonances; therefore,

their enhancements could not be measured directly from the 1D STD-NMR
spectrum. Enhancements for these multiplets are given separdt&dy. MNWWQWMWMWwW
determined because of interference by the HOD resonéi@ig;CO methyl
signals were not regiospecifically assigned to the C ahdr@s. pPm 4.5 40 3.5 30 28 z0 15 10
Figure 5. (A) 1D STD-NMR spectrum of trisaccharidein the presence
The enhanced multiplet at 3.38.41 ppm (Figures 2,3) could ~ of the antibody. (B) 1D-TOCSY (top) and STD-1D-TOCSY (bottom)

: — B spectra with selective excitation at 3.4 ppm and a mixing time of 110 ms.
comprise contributions from one or all of H-4C (3.41 ppm), The frequency of selective excitation is indicated by the arrow. Resonances

H-5C (3.40 ppm), and H-4A(3.39 ppm). A 1D-TOCSY of the C and A spin systems appear in both spectra, while enhancements
experiment with selective excitation at this frequency identifies of the C ring resonances are stronger in the STD-1D-TOCSY spectrum.

both C and Aspin systems. The STD-1D-TOCSY experiment (C) 1D-TOCSY (top) and STD-1D-TOCSY (bottom) spectra with selective
excitation at 3.73 ppm and a mixing time of 62 ms. Enhancements of the

also identifies resonances of both spin systems, indicating thata: ang ¢ rings indicate that both H-3And H-6C contribute to the observed
H-4/5C and H-4Aboth contribute to the enhancement (Figure enhancement at this frequency. (D) 1D-TOCSY (top) and STD-1D-TOCSY
5B). The C ring resonances appear more strongly enhanced (bottom) spectra with selective excitation of a propyl 1-methylene proton

; RA ; at 3.6 ppm and a mixing time of 62 ms. Enhancements of these methylene
while H-6A" shows a weaker enhancement, and there is no protons are very weak in the STD-1D-TOCSY spectrum, and TOCSY

visible enhancement _Of H-2AFigure 5B, Table 2). Compa_tri- transfer to the 2-methylene protons (1.57 ppm) and methyl protons (0.87
sons are made relative to the 1D-TOCSY spectrum without ppm) reveal slightly stronger enhancements of these groups. Intensities are

saturation of the protein, to correct for different resonance given in Table 2.
intensities. _

The enhanced multiplet at 3.7B.73 ppm (Figures 2,3) with ~ 9roups are ob;erved, demonstrating that one can select a
possible contributions from H-34and H-6C was investigated ~ 'ésenance that is not enhanced or only weakly enhanced and
in the same manner. As shown in Figure 5C, weak enhance-US€ TOCSY transfer to identify other resonances in the spin
ments of H-6C, H-2A and H-6A are apparent, showing that system that are more strongly enhanced (Table 2).
both H-3A and H-BC contribute to the weak enhancement in  1he observed enhancements were mapped onto the bound
the 1D STD spectrum. Contributions from several resonancesconformation of1, determined previously by trNOE NMR
were also apparent in STD-1D-TOCSY spectra with selective SPECtroscopy=°(Figure 6A,B). The protons that contribute to
excitation at 3.67-3.69 ppm and at 3.433.47 ppm (data not the epitope hgve been colored according tq the degree of
shown). enhancement in the STD spectra, corresponding to the extent

Figure 5D shows the 1D-TOCSY and STD-1D-TOCSY ©f contact with the complementary antibody surface.
spectra resulting from the selective excitation of one of the  1N€ hexasaccharid2in the presence of mAb Strep 9 was
1-methylene protons of the propyl group, at 3.6 ppm. This @S0 investigated by STD-NMR spectroscopy. The STD-NMR
enhancement is very weak, as shown in Figure 5A,D. Slightly (35) Weimar, T.; Harris, S. L.; Pitner, J. B.; Bock, K.; Pinto, B. Blochemistry
stronger enhancements of the propyl methyl and 2-methylene ° 1995 34, 13672-13681.
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Table 2. STD-1D-TOCSY Intensities? of the Branched Trisaccharide 1 in the Presence of the Monoclonal Antibody Strep 9, for the Spectra
Shown in Figure 5

resonance enhancement resonance enhancement resonance enhancement
(Figure 5B) (%) (Figure 5C) (%) (Figure 5D) (%)
H-1C 235 H-2A 222 Pr OCH 100
H-2A' 0 H-6C 535 Pr OCH 0
H-6C 181 H-3A'/H-6'C 100 Pr2-CH 196
H-3A'/H-6'C 0 H-4C/H-5C/H-4A 74 PrChH 178
H-2C/H-5A 119 H-6A 45
H-3C 167
H-4C/H-5C/H-4A" 100
H-6A' 72

aIntensities in %, with respect to a reference 1D-TOCSY spectrum, and normalized to the intensity of the selectively excited resonance, inditated in b

Table 3. STD-1D-TOCSY Intensities? of the Hexasaccharide 2 in A) B)
the Presence of the Monoclonal Antibody Strep 9, for the
Spectrum Shown in Figure 8

resonance enhancement (%)
H-1C 53
H-1C 136
H-2A 178
H-6C/C 101
H-3A', H-6'C/C, H-2C/C 93
H-5A" 143
H-3C/C 80
H-4C/C', H-5C/C', H-4A' 100
H-6A’ 159

aIntensities in %, with respect to a reference 1D-TOCSY spectrum, and
normalized to the intensity of the selectively excited resonance, indicated

in bold. Enhancement C)
spectrum showed enhancements of all resonances (Figure 7) = 262_:;’(‘%

indicating much stronger binding than that of the trisaccharide T 40-60%

1. Correspondingly, 16 values forl and2 are 135%:M and 27 60-80% B
uM, respectively?! STD-1D-TOCSY spectra recorded with 80-100%

selective excitation at several different frequencies (for example,
Table 3, Figure 8) showed contributions from all resonances at
that frequency. Therefore, as in the case of the trisaccharide,
all residues contact the antibody and are required for binding.
These data are consistent with immunochemical studies, which
showed that strong binding to anti-GAS antibodies is achieved
by the extended topography presented by a hexasacchaffdé.
A similar pattern of STD-NMR intensities to the trisaccharide

1 was observed, in that resonances of theNBlc (C, C) rings Figure 6. (A) Structure of trisaccharidéin the bound conformation derived

were most strongly enhanced, while resonances of the rham-2Y I'NOE, with protons enhanced in the STD-NMR and STD-1D-TOCSY
spectra, which form the epitope, colored according to the degree of

nopyranose (A, A B, B') rings were more weakly enhanced. enhancement in the STD spectra. (B) A molecular surface representation
In particular, the Rha C-6 methyl groups and the propyl group of the epitope. (C) A molecular surface representation of the hexasaccharide

showed the weakest enhancements in bbtand 2. These 2, with the top branched trisaccharide unit in the same orientation as those
observations indicate that the two branched trisaccharide unitsg.r%ag;e/itf: d B, colored according to the degree of enhancement in the
behave similarly in binding to the antibody: the @kc methyl '

groups are involved in intimate contact with the binding site, dence on correlation times, relaxation times, exchange rates,
while the Rha residues define a characteristic, extended surfacegand the detailed molecular structure of the protdigand

but with minimal contact to the Rha methyl groups. We suggest complex, but that intensities more closely reflect exact ligand

A!

A C!

that the critical epitope of the Group 8treptococcupolysac- proton—protein proton distances when shorter saturation times
charide is provided by the trisaccharitland that its presenta- (<1 s) are use& The effect of varying saturation time and
tion in an extended surface is advantageous. power on the STD-NMR intensities of both oligosaccharide

A recent theoretical study of the STD-NMR experiment  ligands was investigated. No significant changes in the relative
showed that STD-NMR intensities exhibit a complex depen- intensities of enhancements were found. Thus, when the satur-
ation power was reduced {dB,/27 = 34 Hz or the saturation

(36) The torsional angles describing a local minimum conformatidh wfhich time was decreased to 500 ms. enhancements of all resonances
is bound by the antibody, were reported incorrectly in ref 35. Therefore, ’

for the purposes of this study, the bound conformation wfas obtained of 2 were still observed. These observations demonstrate that
from ref 35 and subjected to 100 steps of energy minimization, using the i ; i

CVFF force field” within Insightll/Discover (Accelrys, Inc.). Agreement the strong enhancements are unlikely to be caused by intraligand
with experimentally derived distances was maintained, and the resulting

torsional angles werep(y) = (41°,—31°) for the a-(1—2) linkage and (37) Dauber-Osguthorpe, P.; Roberts, V. A.; Osguthorpe, D. J.; Wolff, J.; Genest,
(49°,—12°) for the -(1—3) linkage (wherep = H1-C1-Ox—Cx, y = M.; Hagler, A. T.Proteins: Struct., Funct., Genet988 4, 31—-47.
C1-Ox—Cx—Hx, andx is the linkage position). (38) Jayalakshmi, V.; Krishna, N. R. Magn. Reson2002 155, 106-118.
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Figure 7. 1D H NMR spectrum (top) and 1D STD-NMR spectrum (bottom) of hexasaccharidethe presence of the antibody. All resonances are
strongly enhanced.
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Figure 8. 1D-TOCSY (top) and STD-1D-TOCSY (bottom) spectra of hexasacch@ridethe presence of the antibody, with the selective excitation of
H-4A', H-4C/C, and H-5C/C at 3.39-3.41 ppm (indicated by the arrow). Intensities are given in Table 3.

spin diffusion but rather refledntermolecularspin diffusion the branched trisaccharide, forms close contacts with comple-
indicative of close contact with the antibody combining site. mentary residues in the combining site. The data provide
The bound conformation of, derived from trNOE stud- conclusive proof of the epitope or topography of the cell-wall
ies353was used to construct a model of the hexasacch&ride polysaccharide of group Atreptococcusecognized by this
whose conformation could not be determined by trNOE becauseantibody.
of unfavorable binding kinetics. The Rhla{1—3)-Rha (B—
A'") linkage was constructed using,{y) angles determined by
Metropolis Monte Carl&® and molecular dynamics simulatidfs NMR SpectroscopyNMR spectra were recorded on a Bruker AMX-
Of the Corresponding free Oligosaccharides_ The Observed STD_600 NMR SpeCtrometer. Chemical shifts were referred to external
NMR enhancements were mapped onto this model (Figure 6C)_3-(trimethylsiIyI)-l-propanes_quon_ic acid (DSS). The NMR assignments
The molecular surface presented by the hexasaccharide an&or 1 and2 have been described in refs 41 and 42. NMR samples were

: prepared in phosphate-buffered saline solution (10 mM KBO mM
strong enhancements of the Gksc residues, presented on one KCI. 0.1 mM NaNs, pH 7.2, 99.9% BO) with ratios of 14:11/antibody

face of the molecule, are appa.rent. . binding sites (2.2 mML, 0.08 mM antibody?® and 16:12/antibody
The knowledge of the bound ligand conformation from trNOE  pinging sites (4.2 m\2, 0.13 mM antibody). 1D spectra were recorded

NMR experiments, together with epitope mapping by STD- with 256 or 1024 scans and 32K data points and processed by zero
NMR experiments, can be used to guide the computer-simulatedfiling to 64K points and multiplication by an exponential function,
docking of ligands to proteins. A model of the complex between followed by Fourier transformation. After preliminary experiments, it
mADb Strep 9 and a heptasaccharide derived from the cell-wall was determined that STD-NMR intensities were greater at 284 K than
polysaccharide exisf&.The STD-NMR data reported here are at 295 K, and all 1D STD-NMR and STD-1D-TOCSY spectra were
consistent with this model, in which GAc residues are buried  therefore recorded at 284 K. 1D STD-NMR spectra were recorded with
in deep pockets within the binding groove, and the rhamnopy- 2048 or 4096 scans, with selective saturatior_1 of protgin resonances at
ranose rings contact the sides of the groove, while the Rhaghp;pn;éssu?;eio(g%mmfs rf:ﬁ;?;g;%iﬂ?ef;nj%z;;e_s iflgoH(i? ussian
methyl grqqps are Pa”'a”y exposed. The present Work confirms for a total saturation time of 2.04 s. For experiments viintibody,

that the critical portion of the cell-wall polysaccharide, namely

3. Experimental Section

(41) Pinto, B. M.; Reimer, K. B.; Tixidre, ACarbohydr. Res1991, 210, 199-

(39) Stuike-Prill, R.; Pinto, B. MCarbohydr. Res1995 279, 59-73. 219.
(40) Kreis, U. C.; Varma, V.; Pinto, B. Mint. J. Biol. Macromol 1995 17, (42) Reimer, K. B.; Harris, S. L.; Varma, V.; Pinto, B. MCarbohydr. Res
117-130. 1992 228 399-414.
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a 10 ms spin-lock pulse/Bi/2 = 11 kHz) was applied after excitation ~ The strongest enhancements in trisacchatideere observed
to reduce the intensity of broad protein resonances. Subtraction of for the C GIdNAc residue, but enhancements of theakd B
saturated spectra from reference spectra was performed by phasgnamnose rings were also apparent. The importance of the entire

cycling?728 Measurement of enhancement intensities was performed antigenic determinant. and not only the immunodominant sugar
by direct comparison of STD-NMR spectra and reference 1D spectra. 9 ’ Y gar,

STD-1D-TOCSY spectra were recorded using the pulse sequencell intéraction with an antibody, has been demonstrated. A
of Figure 4, with 4096 scans, and selective saturation of the protein as detailed characterization of the epitope has been performed by
described earliem(= 40, d2= 1 ms). The MLEV-16 composite puf&e combining trNOE NMR spectroscopy, for the determination of
was used for isotropic mixing with a power levelyd,/2r = 11 kHz. the bound conformation, and STD-NMR, for the determination
Selective inversion of the resonance of interest was achieved using angf the interacting atoms of the ligand. STD-1D-TOCSY allows

80 ms Gaussian pulse, with 701 dB attenuatiom(By/2z = 11 Hz). the detailed mapping of resonances within crowded regions of
Gradient pulses were of duration 2 ms and strength ratie8#10
an NMR spectrum.

(where 10% strengtkr 6.6 G/cm) and were followed by 1Q6s ring-
down delays. The additional relaxation delay was minimal (1 ms), and
the rephasing delay d3 was set equal to the length of the last gradient Acknowledgment. We are grateful to the Natural Sciences
and surrounding power-switching and ring-down delays (2.16 ms).  and Engineering Research Council of Canada for financial
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The oligosaccharide$ and 2, representing portions of the antibody, Strep 9.

cell-wall polysaccharide of Group 8treptococcysind to mAb
Strep 9 with an epitope comprising all monosaccharide residues.JA020983V
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