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Because of the ongoing increase in antibiotic-resistant microbes,

new strategies such as therapeutic antibodies and effective

vaccines are required. Bacterial carbohydrates are known to be

particularly antigenic, and several monoclonal antibodies that

target bacterial polysaccharides have been generated, with more

in current development. This review examines the known 3D

crystal structures of anti-bacterial antibodies and the structural

basis for carbohydrate recognition and explores the potential

mechanisms for antibody-dependent bacterial cell death.

Understanding the key interactions between an antibody and its

polysaccharide target on the surface of bacteria or in biofilms can

provide essential information for the development of more specific

and effective antibody therapeutics as well as carbohydrate-

based vaccines.
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Introduction
Bacterial pathogens can cause different conditions that

range in severity, and for the most part these conditions

have been treatable through the use of antibiotics.

However, antibiotic resistance has become a common

occurrence and is a serious problem for the treatment

and control of infectious diseases [1��,2–4]. Resistance

can occur via natural mechanisms, acquisition of

resistance factors via horizontal gene transfer or through

mutations but is mainly thought to be promoted by

selective pressures from the misuse of antibiotics. As a

result, many bacterial infections are becoming
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increasingly difficult to combat, and new therapies are

greatly needed [1��,2–4]. Often used for targeted

therapies, monoclonal antibodies (mAbs) are produced

by single clones of B lineage cells, with each mAb having

a unique sequence and the capacity to bind a single

epitope on a target antigen. To date, mAbs have seen

many successes, particularly in the treatment of cancers

and autoimmune diseases [5–8]. More recently, efforts are

turning to using mAbs as therapies for infectious diseases

where antibiotics, anti-infectives, and vaccines have been

the mainstays of clinical management and prevention [9].

Carbohydrates are regarded as promising targets for

antibody and vaccine development against infectious

diseases because cell surface glycans have been shown

to play important roles in pathogenesis, with most

pathogens having dense distributions of complex

polysaccharides, oligosaccharides and glycans on their

cell surface [10]. While most of the approved therapeutic

antibodies target protein or glycoprotein antigens, it has

been known for many years that carbohydrate-binding

antibodies are capable of specifically recognising

altered self-cells and are effective in providing protective

responses to pathogens [11,12]. Progress has been

slow when delivering carbohydrate-binding mAbs as

therapeutics for bacterial infections, although a number

have been generated and structurally characterised.

Carbohydrate-based antibody targets on the surface of

bacteria fall into two major classes: (1) Capsular polysac-

charides (CPS), which are generally long repeating

saccharide structures that surround and protect many

bacteria and contribute to cellular adhesion, and (2)

lipopolysaccharides (LPS) that consist of a common core

saccharide proximal to the lipid and an O-antigen (O-Ag)

that differs between species and strains of bacteria.

Depending on the bacterial species both CPS and LPS

glycans can vary greatly in saccharide composition and

structure. As examples, clinical isolates of Salmonella may

have 1 type of CPS (known as Vi antigen; many CPS

variants likely remain undefined) but have 1 of greater

than 40 different LPS glycans, while Escherichia coli
isolates have been characterised with more than

70 CPS and 170 LPS surface glycans [13]. All bacterial

cell walls are additionally composed of a layer or

matrix of peptidoglycans where the glycan component

consists of alternating N-acetylglucosamine (GlcNAc)

and N-acetylmuramic acid (MurNAc) saccharides. The

thickness and location of the peptidoglycan layer

distinguishes the two major classes of bacteria as either
www.sciencedirect.com
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Gram-positive (thick external peptidoglycan layer) or

Gram-negative (thin peptidoglycan layer located beneath

a protein and LPS containing outer membrane). Both

Gram-positive and Gram-negative bacteria can have CPS

as capsules or slime layers. Since many bacteria express

and excrete polysaccharides, carbohydrates also represent

a major component of biofilms. These extracellular

polysaccharides (exopolysaccharides) are also targets for

therapeutic antibodies [14–17,18�].

Vaccines based on purified CPS from pneumococcal

bacteria were first tested in the 1930s and used clinically

shortly after World War II, but with the dawn of the

antibiotic era their use was stopped [19]. Both pneumococ-

cal and meningococcal purified capsules have been

licensed for use since the 1970s, but most of these purified

polysaccharides were not immunogenic in infants and

children under two years of age [20�]. Conjugate vaccines

(carbohydrate linked to a carrier protein) usually induce

protective immunity in all age groups and were first shown

to be effective in infants with the introduction of the

Haemophilus influenzae type b (Hib) conjugate vaccine in

1990 [20�]. Conjugate vaccines for meningococcal and

pneumococcal bacteria have now replaced the CPS

vaccines in infant and toddler groups [20�]. Additional

conjugate vaccines have been explored, yet a number of

factors have limited the potential of carbohydrate-based

vaccines. One of the issues is that the cost of production of a

carbohydrate-based conjugate vaccine is high compared

with antibiotics and anti-infectives. However, with the

widespread emergence of antimicrobial resistance there

is renewed interest in developing vaccines and therapeutic

antibodies to treat bacterial infections [1��,9,18�].
Structural diversity of bacterial polysaccharides results in

multiple pathogenic serotypes for each genus and species

that require inclusion in a vaccine candidate, which further

complicates the complexity of production and associated

costs [13,21]. An alternative approach is to drive the
Table 1

Examples of previously determined crystal structures of bacterial sac

PDB ID Target antigen 

1M7I Shigella flexneri Y lipopolysaccharide 

3BZ4 Decasaccharide from Shigella flexneri 2a 

1MFC O-Oligosaccharide from Salmonella typhimurium serogroup B 

3HNS Hexasaccharide oligoarabinofuranosyl from mycobacteria 

3SY0 Kdoa2-8Kdoa2-4Kdo trisaccharide from Chlamydia 

4M7J Kdoa2-8Kdoa2-4Kdo trisaccharide from Chlamydia 

4C83 Neisseria meningitidis lipooligosaccharide 

3WBD Group B meningitidis polysaccharide 

5M63 DP2 oligosaccharide from group B streptococcus type III 

6DW2 Teichoic acid (b-WTA) from MRSA Staphylococcus aureus 

6BE3 Microbial N-acetyl-D-glucosamine 

6BE4 Microbial Nona-N-acetyl-D-glucosamine 

a Abbreviations used: Fab, fragment antigen binding; scFv, single chain v
b There are multiple related structures to S25-2 (PDB ID 3SY0) and S25-26 

and S73-2 (PDB IDs 3HZK, 3HZM, 3HZV and 3HZY).
c There are also related mAb structures to 6078 (PDB ID 6DW2), being 44
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discovery of conserved strain-transcending epitopes and

antibodies as has been the goal in the ongoing search for a

cure for HIV-1 and malaria [22–25]. Additionally, not all

carbohydrate epitopes induce a protective immune

response and there is a need to define the structural and

molecular basis for protective versus non-protective

anticarbohydrate antibodies to accelerate vaccine and

therapeutic antibody development for bacterial infections.

This review examines a number of known 3D anti-bacterial

antibody crystal structures and their features of carbohydrate

recognition and explores potential mechanisms around

antibody-dependent bacterial cell death. Understanding

the key interactions between an antibody and its

polysaccharide target on the surface of bacteria or in biofilms

can provide essential information for the development of

more selective and specific antibody therapeutics.

Overview of known structures of bacterial
carbohydrate-binding mAbs
Herein we focus on 12 known crystal structures of antibodies

in complex with a variety of bacterial antigen targets. The

key details of each anti-bacterial antibody structure are

presented in Table 1. The crystal structures were

determined at resolutions between 1.5 and 2.7 Å and are

of the fragment antigen binding (Fab) or single-chain frag-

ment variable (scFv) in complex with glycans that range in

size from monosaccharides to decasaccharides. This range of

carbohydrate sizes gives an idea of how large saccharide

epitopes are recognised by existing antibodies, and how

much of the cognate polysaccharide chains are in contact

or ordered by the interaction with the antibody binding site.

In addition to those structures described in Table 1, several

additional structures of anti-Chlamydia  antibodies related to

S25-2 (PDBID3SY0)andS25-26(PDBID4M7J)havebeen

determined, including S45-18 (PDB ID 1Q9W), S54-10

(PDB ID 3I02) and S73-2 (PDB IDs 3HZK, 3HZM,

3HZV, 3HZY) each in complex with chlamydial
charide-antibody complexes

Antibody name Fragment Resolution (Å) Reference

SYA/J-6 Murine Faba (IgG3/l) 2.5 [35]

F22-4 Murine Fab (IgG1/k) 1.8 [36]

Se155-4 Murine Fab (IgG1/l) 2.1 [39]

CS-35 Murine Fab (IgG3/k) 2.0 [37]

S25-2b Murine Fab (IgG1/k) 1.5 [26]

S25-26 Murine Fab (IgG1/k) 2.0 [38]

LPT3-1 Murine Fab (IgG2a/k) 2.7 [40]

mAb735 Murine scFv (IgG2a/k) 1.8 [41]

NVS-1-19-5 Rabbit Fab (IgG/k) 2.7 [42��]
6078c Human Fab (IgG1/k) 1.7 [28��]
F598 Human Fab (IgG1/l) 1.6 [45��]
F598 Human Fab (IgG1/l) 1.9 [45��]

ariable fragment.

(PDB ID 4M7J), including S45-18 (PDB ID 1Q9W), S54-10 (PDB ID 3I02)

62 (PDB ID 6DWI) and 4497 (PDB IDs 5D6C and 6DWA).

Current Opinion in Structural Biology 2020, 62:48–55



50 Carbohydrates
lipopolysaccharide epitopes [26,27]. For anti-Staphylococcus
aureus antibody 6078 (PDB ID 6DW2), structures have been

determined of mAbs 4462 (PDB ID 6DWI) and 4497 (PDB

IDs 5D6C and 6DWA) in complex with the same carbohy-

drate ligand [28��]. We discuss here the overall binding

modes and summarise the interactions with antibody. For

additional molecular details on each system, we refer readers

to the primary citations (Table 1) and an excellent review on

antibody recognition of carbohydrates [29].

While the majority of known bacterial-saccharide

antibody structures describe murine antibodies and

one rabbit antibody, only five structures are of human

antibodies (three structures are listed in Table 1). It has

previously been established that there are significant

differences in the complementarity-determining region

(CDR) length of mouse antibodies when compared to

human antibodies [30]. In particular, the mean length of

murine CDR H3 is significantly shorter than that of

human CDR H3, and the few antibodies that are

identical in length instead differ in amino acid composi-

tion [31]. Therefore, future research should concentrate

on defining human antibodies to each of the different

types of bacterial saccharides, which will provide a better

understanding of the structural nature of the human

antibody response to glycans.

Carbohydrate-binding modes displayed by
bacterial targeting mAbs
An association exists between the overall shape of the

antigen binding site and the nature of the antigen. For

example, antibodies that bind to proteins have a relatively
Figure 1

(a)

(c)

(b

(d

Structural comparison of bacterial carbohydrate-binding antibodies showing

S25-2 mAb to a Kdo trisaccharide from Chlamydia (PDB ID: 3SY0). (b) Bifu

oligoarabinofuranosyl from mycobacteria (PDB ID: 3HNS). (c) Groove-type b

polysaccharide PNAG (PDB ID: 6BE4). (d) Combination-type binding of NVS

III (PDB ID: 5M63). The variable regions (VL and VH) of each antibody are re

the light chain in blue and heavy chain in grey. All ligands are represented a
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flat binding site, while those that bind to peptides frequently

have groove-type binding sites [32]. Additionally, it was

previously proposed that anti-bacterial antibodies recognise

their carbohydrate ligands in a relatively conserved manner

similar to haptens in cavity or groove shaped binding sites

[29,33]. However, after inspection of the available structures

of antibody-carbohydrate complexes to bacterial targets, the

diversity of recognition modes is clearly higher than previ-

ously assumed. Carbohydrate recognition by antibodies can

be categorised into at least four main types: (1) end-on

insertion, (2) bifurcated binding, (3) groove-type binding,

and (4) combination binding (Figure 1). End-on insertion

involves binding of terminal portions of longer saccharide

chains into a deep binding pocket that is often centrally

located in the antigen-binding site. The remaining propor-

tion of the ligand tends to protrude from the binding site and

does not participate in direct contacts with the antibody

(Figure 1a). Similarly, bifurcated binding involves the

branched ends of carbohydrate ligands interacting  with

the antibody in two binding pockets. Again, the tail portion

of the ligand is often situated to protrude from the binding

pocket (Figure 1b). Comparatively, groove-type binding

occurs when the carbohydrate chain binds laterally in

an extended valley in the antigen-binding site. In groove-

type binding, the carbohydrate often sits flat against the

antibody (i.e. not protruding from the binding site) and

curves around any CDRs and side-chains of residues that

project into the groove. Furthermore, groove-type binding

can result in the greatest number of direct interactions with

the antibody (Figure 1c). Combination binding modes

involve contributions from each of the other binding modes,

incorporating both binding pockets (suited for end-on
)

)

Current Opinion in Structural Biology

 a range of antigen binding modes. (a) End-on insertion binding of

rcated binding of CS-35 mAb to the hexasaccharide

inding of F598 mAb to a pentasaccharide epitope of the microbial

-1-19-5 to the DP2 oligosaccharide from group B Streptococcus type

presented as transparent solvent-accessible surfaces (side views) with

s sticks coloured by atom type (C, green; O, red; N, blue).
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insertion) and grooves (lateral binding). As two separate

sections of a branched carbohydrate are involved this also

represents a form of bifurcated ligand interaction. Often in

longer oligosaccharide chains there are short branches

emerging from extended polysaccharide chains that are

suited for combination binding modes (Figure 1d). Similar

modes of binding have also been observed for non-bacterial

targeting anticarbohydrate antibodies [29,34].

Structures of bacterially derived saccharides
in complex with antibodies
Two antibodies have been developed to Shigella flexneri,
SYA/J-6 mAb binds to Y lipopolysaccharide and F22-4 mAb

to serotype 2a O-antigen. Interestingly,  both antibodies

participate in groove-type binding of their respective ligands
Figure 2

(a)

(c)

(e)

Structural comparison of bacterial carbohydrate-binding antibodies. (a) SYA

lipopolysaccharide (PDB ID: 1M7I). (b) F22-4 mAb in complex with a decas

complex with a cell-surface O-oligosaccharide from Salmonella typhimurium

hexasaccharide oligoarabinofuranosyl from mycobacteria (PDB ID: 3HNS). (

(PDB ID: 3SY0). (f) S25-26 mAb in complex with a Kdo trisaccharide from C

antibody are depicted as surfaces (end-on views) with the light chain in blu

sticks with contact atoms in orange using a 4-Å cutoff from any antibody at

www.sciencedirect.com 
utilising 5 of the 6 CDRs. The SYA/J-6 Fab makes contacts

with all sugar residues of the pentasaccharide [35], while

F22-4 makes contacts with six sugar residues of a longer

branched decasaccharide ligand (contacts derived from Fab

with chains labelled A and B) [36] (Figure 2a,b). In total,

SYA/J-6 forms 8 hydrogen bonds and 2 water-mediated

hydrogen bonds with the bound carbohydrate out of a total

of 74 contacts (55% of the ligand is involved in the interac-

tion; based on carbohydrate atoms within 4 Å of an antibody

atom). The F22-4 mAb participates in 11 hydrogen bonds

and 14 water-mediated hydrogen bonds (29% of the ligand is

involved in the interaction). Comparatively, CS-35 mAb,

which recognises surface glycolipid lipoarabinomannans

(LAMs) on mycobacteria, displays bifurcated binding with

the antigen-binding site forming three binding pockets
(b)

(d)

(f)

Current Opinion in Structural Biology

/J-6 mAb with a pentasaccharide from Shigella flexneri Y

accharide from Shigella flexneri 2a (PDB ID: 3BZ4). (c) Se155-4 mAb in

 serogroup B (PDB ID: 1MFC). (d) CS-35 mAb in complex with the

e) S25-2 mAb in complex with a Kdo trisaccharide from Chlamydia

hlamydia (PDB ID: 4M7J). The variable regions (VL and VH) of each

e and heavy chain in grey. All ligands are represented as light grey

om.
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(a broad groove and two ‘specificity’ pockets) involving all

6 CDRs. Despite the binding conformation, all residues of

the Y-shaped hexasaccharide contact the antibody, with

the hexasaccharide binding with the strongest affinity of

all ligands tested (63% of the ligand is involved in the

interaction) [37] (Figure 2d).

Two antibodies have been developed to Chlamydia, S25-2

and S25-26 mAbs, both bound to a trisaccharide of 3-deoxy-

D-manno-oct-2-ulosonic acid (Kdo). While S25-2 mAb binds

the Kdo trisaccharide by end-on insertion and only makes

contacts with two of the sugar residues (45% of the ligand is

involved in the interaction) [26], S25-26 mAb recognises the

entire trisaccharide by groove-type binding (53% of the

ligand is involved in the interaction)  [38] (Figure 2e,f).
Figure 3

(a)

(c)

(e)

Structural comparison of bacterial carbohydrate-binding antibodies. (a) LPT

(PDB ID: 4C83). (b) mAb735 with half of octasialic acid, a homopolymer of 

mAb in complex with the DP2 oligosaccharide from group B Streptococcus

acid from Staphylococcus aureus (PDB ID: 6DW2). (e) F598 mAb in comple

F598 in complex with a pentameric epitope of microbial PNAG (PDB ID: 6B

surfaces (end-on views) with the light chain in blue and heavy chain in grey

orange using a 4-Å cutoff from any antibody atom.
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Interestingly, in both structures only 4 of the 6 CDRs are

involved in contacts, but S25-26 mAb interacts with its

carbohydrate ligand using 13 hydrogen bonds and

16 bridging water interactions. Comparatively, Se155-4

recognises the O-chain from Salmonella typhimurium
serogroup B by end-on insertion, with only a small portion

of the sugar making antibody contacts involving 5 of the

6 CDRs and a number of water molecules (50% of the ligand

is involved in the interaction) [39] (Figure 2c). Similarly,

LPT3-1 mAb recognises the lipooligosaccharide inner

cores from Neisseria meningitidis by end-on insertion with

minimal antibody contact. Antibody-antigeninteractions are

mediated almost entirely through the heavy chain with a

total of 9 hydrogen bonds (34% of the ligand is involved in

the interaction) [40] (Figure 3a).
(b)

(d)

(f)

Current Opinion in Structural Biology

3-1 mAb in complex with Neisseria meningitidis lipooligosaccharide

group B meningitidis polysaccharide (PDB ID: 3WBD). (c) NVS-1-19-5

 type III (PDB ID: 5M63). (d) Antibody 6078 in complex with teichoic

x with the N-acetyl-D-glucosamine monosaccharide (PDB ID: 6BE3). (f)

E4). The variable regions (VL and VH) of each antibody are depicted as

. All ligands are represented as light grey sticks with contact atoms in
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The mAb735 antibody targets the main polysialic acid

component of the CPS of N. meningitides. Interestingly, one

octasaccharide ligand, folded up on itself, is simultaneously

recognised by two antibodies in a paired manner. Direct

interactions between mAb735 and the long polysialic acid

chain are relatively few and involve 5 of the 6 CDRs, although

several ordered water molecules participate in bridging inter-

actionswithantibodyandligand(46%oftheligandis involved

in the interaction) [41] (Figure 3b). In contrast, NVS-1-19-5

mAb recognises a very long chain of Group B Streptococcus

type III CPS by a combination binding mode. Only a small

fractionof the longpolysaccharidechaincontacts theantibody

through 4of the6CDRs,withtheterminaldisaccharide(sialic

acid and galactose) binding by end-on-insertion  where sialic

acid establishes most of the direct binding interactions

(contacts derived from Fab with chains H and L). The longer

oligosaccharide chain is bound in a shallow groove partially

formed by CDRresidueswith the majorityof theglycanchain

not making contacts with the Fab (24% of the ligand is

involved in the interaction) [42��] (Figure 3c).

Interestingly, antibody 6078 binds to wall teichoic acid

(b-WTA) from S. aureus in a binding pocket formed primar-

ily by the heavy chain. The relatively small ligand (N-acetyl
glucosamine, GlcNAc, b-linked to ribitol-1-phosphate) is

shielded in the binding site by the extended CDR3 loop of

the H chain and makes numerous contacts with the antibody

involving 4 of the 6 CDRs (82% of ligand is involved in the

interaction) [28��] (Figure 3d). Two other S. aureus targeting

antibodies (4462 and 4497) bind the GlcNAc residue of

b-WTA by end-on insertion in cavities formed between

the LCDR and HCDR loops [28��,43]. One antibody, F598,

uniquely targets a broadly expressed microbial polysaccha-

ride called poly-N-acetylglucosamine  (PNAG), which is

found in bacteria (Gram negative and positive), fungi, and

protozoans, and as an exopolysaccharide in many biofilms

[44]. We recently determined high resolution structures of

the F598 Fab in complex with a GlcNAc monosaccharide

and a synthetic nonasaccharide version of PNAG, where a

core pentasaccharide epitope completely fills the binding

site. F598 displays groove-type binding, with the GlcNAc

monosaccharide sitting in the centre of the binding site (93%

of the ligand is involved in the interaction).  However, the

large binding groove of F598 accommodates and makes

contacts with all sugar residues of the pentasaccharide

epitope in an extended conformation involving all 6 CDRs

(63% of the ligand is involved in the interaction). The

monosaccharide is almost perfectly aligned with one of

the GlcNAc residues from the pentasaccharide, which

suggests an anchored binding mechanism is employed for

recognition of PNAG by the F598 mAb [45��] (Figure 3e,f).

Structural considerations of protective
immunity by therapeutic antibodies
Currently there is an incomplete understanding of what

makes the difference between a protective antibody response

(i.e. protects against infectious disease) and a non-protective
www.sciencedirect.com 
antibody response. However, all existing successful anti-

bacterial vaccines for humans have the in vitro correlate of

being able to kill the target organism by either bactericidal or

opsonophagocytic activity, but not all antibodies with these

properties are protective. One of the most structurally char-

acterized systems is the murine immune response to Chla-

mydia LPS where multiple related murine mAbs have been

structurally characterised with the structural role of germline

antibody sequences, and mutations responsible for high

affinity and selective recognition have been elucidated

[46]. Similarly, the other available structures all use Fab or

scFv rather than the intact antibody, which due to its inherent

flexibility isdifficult tocrystallise.Thus,whilewehavegained

a detailed appreciation of the structural basis for carbohydrate

recognition it is not yet clear why certain mAbs are protective

while others of similar specificity are non-protective.

Even when the fragment crystallisable (Fc) has the same

sequence, antibodies capable of binding the same bacte-

rial saccharide can display a range of antibody-dependent

effector functions. For example, three antibodies (F628,

F630 and F598) isolated from an individual after S. aureus
bacteraemia and engineered as IgG1 (g1 heavy chains) all

bind PNAG but show different correlates of protective

immunity, with F598 mAb displaying superior comple-

ment deposition and opsonophagocytic activity compared

to F628 and F630. The F598 mAb also binds strongly to

chemically deacetylated PNAG (dPNAG) while F628

and F630 bind weakly or show no binding to dPNAG

[44,47]. Interestingly, in conjugate vaccine studies it was

found that dPNAG was superior to PNAG in eliciting

protective antibody responses in animal models [48].

Thus, antibody recognition of both PNAG and dPNAG

likely contributes to optimal effector functions and

protection similar to observed for the F598 mAb. Whether

F598 has a unique interaction with PNAG compared to

F628 and F630 is not yet known. However, it is possible

that interaction with both acetylated and partially acety-

lated epitopes facilitates the clustering of the F598 Fc to

optimally engage with complement component C1q,

which is known to bind a hexamer of IgG molecules [49].

Antibody-bacterialcell complexesarealso takenupintocells

by Fc receptor-mediated phagocytosis and occasionally

bacteria such as S. aureus can survive inside phagocytic cells

evading immune clearance and antibiotic treatment. An

antibiotic conjugate of the b-WTA binding antibody

4497 has been demonstrated to effectively kill intracellular

S. aureus [43]. Binding of the GlcNAc portion of b-WTA is

critical for the interaction with 4497 and the 2 other anti-

bodies (4462 and 6078) isolated from patients after recovery

from S. aureus infections [28��]. The high levels of b-WTA

on the surface of bacteria should enable the Fc of bound

mAbs to aggregate or cluster to more effectively engage C1q

and Fc receptors on the surface of phagocytic cells. Another

way of enhancing bacterial killing by carbohydrate-binding

antibodies will be to engineer the Fc of the respective mAbs
Current Opinion in Structural Biology 2020, 62:48–55
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for enhanced effector functions, which is an active area of

therapeutic antibody development [50].

Concluding remarks
While murine antibodies have provided an excellent founda-

tion for antibody development, the focus is now moving

towards patient derived antibodies as fully human antibodies

have many advantages over those produced in other species.

The known structures of bacterial anti-carbohydrate

antibodies have been developed to a range of bacterial

pathogens, including Shigella, Salmonella, Mycobacterium,
Chlamydia, N. meningitidis, Streptococcus and Staphylococcus, as

well as one broadly expressed microbial polysaccharide

antigen. Binding can be categorised into four main types,

being end-on insertion, bifurcated binding, groove-type

binding and combination binding. While there are many

differences in ligand size, positioning and number of

interactions, all structures utilise 4 or more of the 6 CDRs

for antibody recognition. Of these antibody structures, only

two systems involve human antibodies. Given the structural

diversity of bacterially derived carbohydrate recognition by

antibodies further studies are needed to define the basis for

targeting of any newly developed antibodies.
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