A Weapon Against Superbugs:
Promising New Vaccine
Candidate Emerges
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The misuse of antibiotics has fuelled the rise of antibiotic-
resistant bacteria, posing a global health threat. In a
significant breakthrough, researchers have developed a
promising vaccine candidate to combat these superbugs.

Bacterial vaccines, alongside antibiotics, represent a vital
line of defence against deadly microbes. This new study
focuses on creating a carbohydrate-based vaccine for
Staphylococcus aureus (staph) and its particularly troublesome
cousin, MRSA (methicillin-resistant Staphylococcus aureus).
Both staph and MRSA are prevalent causes of bacterial
infections.

To develop a vaccine, scientists identify an “antigen,” a
molecule recognized as foreign by the body. This triggers an
immune response, leading to the creation of antibodies that
fight future infections. Carbohydrates, complex sugar
structures, offer unique advantages and challenges as vaccine
antigens. They are highly specific to certain bacteria,
meaning a vaccine targeting one strain might be ineffective
against others, even closely related ones.

The ideal scenario is a vaccine that offers protection against
a wide range of bacteria. Researchers focused on
polysaccharide poly-B-(1-6)-N-acetylglucosamine (PNAG), a
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carbohydrate present on the cell wall of staph, numerous other
bacteria, and even some fungi. This broad presence makes PNAG
a promising candidate for offering protection against a
multitude of pathogens (Figure 1).

i 01
IrI \n.-f';':h'lrl: ""‘"'"_"l { ".:. 0, o i
™ — P ITH] -
i I“... I|I II'\H‘,..._

1% A RO, 1 Pl o DO B, H:R
PR A (L K, B B H: A PRAGTT (D) A MR [T,
P AL LR Dy K, H A PG E gy R H R
PHAGL AN B, B H by, Pl 19 i 0 1) AL i AL
Pl A LS Ky, ., M, | H s Pl B0 e B H: R hi
PALGE I3 R, B I M PRl ok K H: Y.
PR A D | B R, B H. F A PR&GII (] 1) B H: & ki
PSAGT (e R, . IL LT PRAGEIT iFDi Ik K H:- K, K. K, Y.
PR (O 0 R, B, B, H; K i PR {1 TEE] ;R . H i
P AN U K H; E A PRI i ] L H E, H..
PRGN OFInG E,, T HE i, PRAE L IGIa H-E, R i
PR AR (DR b Ky, HH AL PREGIT (L] HE,. K. LT,
PR 2 T M R KR i [ e TR H: i, R &L
P A3 (0] M K HR 1 PRAG{(IT10] H: K. B ki
PR E O IoE R (LS ] i [ e TR HE. K .
PHAGISOINILE, =H R LT PHRAGII(ITIIER,. R

Figure 1: Structures of the
comprehensive 1library of PNAG
pentasaccharides. The five-digit number
in the bracket for each compound codes
for free amine (0) or N-acetamide (1)
at residues ABCDE from the non-reducing
end to the reducing end of the
pentasaccharide, respectively. The
five-digit number was then viewed as a
binary number and converted to the
decimal system as the compound number.
For example, 01010 in binary number 1is
equivalent to 10 in the decimal system.
Thus, the PNAG pentasaccharide bearing
N-acetylation at units B and D only 1is
named as PNAGIO0.

The specific arrangement of their sugar components
significantly impacts their properties as potential vaccine
antigens. A slight change in this arrangement can dramatically
alter the molecule’s effectiveness. The research team created
a library of 32 different PNAG structures, all made from five
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sugar units (pentasaccharides) but with varying decorations of
amines and acetyl groups.

Carbohydrates alone often struggle to induce a strong immune
response. To address this, researchers attached the PNAG
antigens to a groundbreaking vaccine delivery platform based
on a virus (bacteriophage) called Qbeta (written as QB). This
modified Qbeta (mQB) is designed to efficiently deliver
antigens for carbohydrate-based vaccines. mQp plays a crucial
role in stimulating a robust immune response.

This innovative delivery platform holds promise beyond
bacterial infections. It has potential applications 1in
developing vaccines for cancer and even opioid addiction. This
breakthrough technology earned the research team well-deserved
recognition, highlighting its significance in the fight
against various health challenges.

This new research offers a glimmer of hope in the battle
against antibiotic-resistant bacteria. The development of this
promising vaccine candidate paves the way for further
advancements in this crucial area of public health.

Journal article: A comprehensive synthetic library of poly-N-
acetyl glucosamines enabled vaccine against lethal challenges
of Staphylococcus aureus, Nature Communications.

Summary by Stefan Botha
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