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Trend of bacterial cell surface display: the autodisplay
technology

CAI Kun, CHU Yindi, HUANG Piying, WEI Liangwan, FAN Enguo*

State Key Laboratory of Medical Molecular Biology, Department of Microbiology and Parasitology, Institute of
Basic Medical Sciences, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100005,
China

Abstract: Type V secretion system, one of the key pathways employed by Gram-negative bacteria to
secrete virulence factors, is classified into five subtypes (Va—Ve). Among them, type Va (also known as
the classical monomeric autotransporters) is extensively used to export virulence and adhesion factors
to the bacterial cell surface or into their surroundings, a process combining the passage across the inner
and the outer membrane in two consecutive steps that are facilitated by the Sec translocon and the BAM
(B-barrel assembly machinery) complex, respectively. It is believed that type Va is the simplest
secretion system for the translocation of proteins across membranes, which is therefore considered as an
ideal biotechnological tool to display recombinant proteins on bacterial cell surface. In this review, we
first summarized the subtypes, structural domains, and possible secretion mechanisms of
autotransporters to enhance the understanding of them as a biotechnological tool for various surface
display purposes, particularly vaccine development. Then, we explored the potential application of

autodisplay in pathogen detection to further expand its application as a biotechnological tool.

Keywords: autotransporter; bacterial cell surface display; protein secretion; live vaccine; biotechnological
tool
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Figure 1

The domain structure and the biogenesis of classical autotransporter®. A: schematic domain

structure of a classical autotransporter. N: amino terminal; C: carboxyl terminal; different domains are
represented by rectangular bars of different colors. From N to C: signal peptide (SP, black), passenger domain
(pink), linker (yellow), B-barrel domain (brown). B: hypothesized secretion process of a classical

autotransporter.
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*1 HHOEBIERKEIENBRIEZER
Table 1  Autotransporters that have been validated with a defined function
Species Types Functions Genes References
Escherichia coli Adhesin involved in diffuse Adhesin, adhesion to aidA [15]
adherence I (AIDA-I) surfaces/receptors
Antigen 43 (Ag43) Adhesin, auto-agglutination and  agn43(flu) [16]
biofilm formation
Extracellular serine protease (EspP)  Serine protease espP [17]
Hemoglobin protease (Hbp) Protease Hbp [18]
Cah Biofilm formation Cah [19]
Plasmid-encoded toxin (Pet) Virulence factor Pet [20]
Neisseria gonorrhoeae Immunoglobulin Alprotease (IgAP) Protease and immune evasion Iga [21]
NGO2105 Protease, adhesion and invasion ngo2105 [22]
Neisseria meningitidis ~ Adhesion and penetration protein Virulence factor App [23]
(App)
NalP Protease nalP [24]
Bordetella pertussis Pertactin Adhesin, adhesion to pertactin [25]
surfaces/receptors
Bordetella resisitance to killing Adhesin brkA [26]
(BrkA)
Pseudomonas Esterase A (EstA) Lipase and biofilm formation estA [12]
aeruginosa
Haemophilus Haemophilus adhesive protein (Hap) Adhesin Hbp [27]
influenzae
Serratia marcescens ssp-h1, ssp-h2 Protease Ssp [28]
Moraxella catarrhalis ~ Moraxella catarrhalis adhesin Adhesin, lipase and mcaP [29]
(McaP) phospholipase B
Salmonella ApeE Lipase/esterase apeE [30]
Typhimurium
Helicobacterpylori VacA Colonization factor vacA [31]
Shigella flexneri IcsA Actin-based motility icsA [32]
Yersinia spp. YapV Actin-based motility yapV [33]
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Figure 2

Possible mechanistic models for autotransporter insertion by the BAM complex. A:

BamA-assisted mechanism: ATs directly insert into the membrane that is facilitated by a local destabilization
of the membrane by BamA. B: BamA-budding mechanism: the exposed edge of BamA'’s barrel (B1) serves as
a template for the formation of ATs’ barrel via f-augmentation and then the nascent AT is hypothesized to bud
or bleb away from the BamA barrel. C: BamA-triggered mechanism: the formation of AT’s barrel resembles
the process in (B), but the nascent ATs go with a BamA-mediated swinging motion to pull them into the OM.
For clarity, the POTRA domains and the BAM lipoproteins have been omitted.
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Table 2 Application of autotransporter-based surface display system in vaccine research

Autotransporters
- Foreign proteins Hosts References

Types Species

AIDA-1 E. coli Hsp6074-86 S. entericaserovar Typhimurium [77]
Urease A S. enterica serovar Typhimurium [78]
B-subunit of heat labile E. coli [79]
enterotoxin (LTB)
T-cell epitopes of Hsp60 E. coli
Flagellar protein (H:gm) E. coli [80]
SE serotype-specific fimbrial ~ E. coli
protein (SefA)
Murine melanoma antigen S. enterica serovar Typhimurium [81]
Melan-A

MisL S. enterica BH3 domain of the S. enterica serovar Typhimurium [82]
pro-apoptotic
Baxprotein(BaxBH3) S. enterica serovar Typhimurium/Typhi, E. coil [83]
(NANP)4epitopes S. enterica serovar Typhimurium, [84]
NANP8/53epitopes E. coli
(NANP)8epitope
Shiga toxin S. enterica serovar Typhimurium, [85]
B subunit (StxB) E. coli

Hbp E. coli ESAT6 S. enterica serovar Typhimurium, [86]
Ag85B E. coli
Rv2660c¢

Ag43 E. coli IgE Fce3 domain E. coli [66]
Angiogenesis-related endoglin  E. coli [87]
(END(e))
CTP3, Chlam12, FimH S. enterica serovar Typhimurium [88]

IcsA Shigella flexneri HPV16L1 S. sonnei, E. coli [69]

BrkA Bordetella VP1 capsidprotein fragment B. pertussi [89]

Pertussis

Single chain antibody fragment E. coli [26]
(scFv)

EspP E. coli B subunit of shiga-like toxin ~ E. coli [90]
1(Stx1B)

XEESFE AR, PSRN 2 MRS
fLE TR, PR E R S ShRgs &0,
Jose ZEPYFIF AIDA-T 78 K M FF B 2 i JE /R
Z-ZER 2 )5, R R TR R AR 1) 4 R 20 M T 25
WA Z-Z5HR g iR, TE R T — 7 I 2%
P E R A2, F TR Zh0), #8755 T SRP
R i R o Sy Ak, R 1 5% vh T

DA R BT S -Be A B 25 6 FO s, i 2% 2z ]
DLEE 5208 L Jeon ZER SR A AL T A 22 ik
WD X A B R IY Z R BREIE S
OM 2Ryt . SLIE5 R B R SPR AL kA%
FAGRESEMZETTELMA S K, F52E5/
F 2%, UL, BT & 0 HA PO w4 6 i
A RE SR RZ T DA R SRP A W4 I R U
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