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Progress in the regulation of host cell functions by Brucella type IV
secretion system effectors
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Abstract: Brucella is a genus of globally widespread zoonotic pathogens capable of infecting
wild animals, domestic animals, and humans. To establish and sustain chronic infections within
the host, Brucella have evolved multiple strategies to evade host immune responses and
extensively replicate in host cells, which primarily rely on the type IV secretion system (T4SS)
and its secreted effectors. The T4SS functions by directly injecting effectors into host cells,
modulating various host cell functions to help the pathogen evade immune surveillance,
manipulate the intracellular environment, and promote its survival and replication. This article
reviews the structure and function of the Brucella T4SS and the latest research progress in the role
of Brucella T4SS effectors in regulating host cell functions, exploring how bacteria of Brucella
manipulate host cell signaling pathways to control intracellular vacuole dynamics and establish a
replicative niche conducive to bacterial survival. These advancements provide new insights into
the pathogenesis of Brucella infections and aid in the development of more effective strategies for
preventing and treating Brucella-related diseases.

Keywords: Brucella; type IV secretion system; effector; regulation of functions
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ASFREY N 3l C ui s A Y i SR S 4 2
B, MIITEZS AR —N AR NTD AR —A
BARK) CTD Z IR T — AT BREE G i P8,
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HutC. Rsh S&H4f P45 S5 HE virb B3R IA,
DA PRTE TS I [ RN SR A B R A H T REDY, X
FJREAEA ) A 5 FC R Rl bl e A 22 5500,

A& IR VL R G R R, BF
FEHENTRZ R G AEA & R BORLE & 51
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Table 1

Brucella type IV secretion system effectors

G QAN I R 3

Effector

Gene

Yiae
Function

R
Year of
discovery

EE BTN

Reference

VceA

VceC

RicA

BPE005

BPE043
BPE123

BPE275

BtpA

BtpB

BspA

BspB

BspC
BspE
BspF

SepA

BspL

NyxA

BABI1_1652

BABI1 1058

BABI1_1279

BAB1_2005

BAB1 1043
BAB2 0123

BABI 1275

BAB1_0279

BABI 0756

BAB1 0678

BAB1 0712

BAB1 0847
BABI1_1675
BAB1_1948

BABI1 1492

BAB1 1533

BAB1 0296

R P 240 08 T 40 ) 240 B

Promote apoptosis and inhibit autophagy

5 BiP HEAEH, B ARITEEASL, RIAE R T 12401

A ER 6 FMIRIRIEI T o /97745 $ifi] CHOP 75 & () 240 L 4 1
Interacts with BiP to induce UPR, stimulate IL-6 and TNF-a
production, and inhibit CHOP-induced apoptosis

WA RE MR A E; 5 STING EAEM N IFN- %1k
Regulates Brucella intracellular trafficking and interacts with STING
to inhibit IFN- expression

e E AT A M I AR L T AL

Promotes collagen accumulation and fibrosis in hepatocytes

1 Unknown

S8 SR A0 Y 9 T T 3

Enhances the activity of host cell enolase

A Unknown

P E AR OV AR R . AR E40HE NAD
Regulates host immune response, stabilizes host cell microtubules, and
depletes host cell NAD

P A AR SN FRE e EANACE . IHAETE A0 NAD
Regulates host immune response, stabilizes host cell microtubules, and
depletes host cell NAD

THARAT MARCHG £ P4 J5T 19 FH G B A i A, At 26 A1 4 TR T 7 40
N

Inhibits MARCH6-dependent ER-associated degradation pathway and
promotes Brucella intracellular replication

S FA T COG MEAER], 1Y BCV 4l NFeis, fieik rBCV
A2

Interacts with COG in host cells to regulate BCV intracellular
trafficking and promote rBCV formation

A H1 Unknown

A H1 Unknown

819 Arfo-Rab8a GTPase Ik L #E 77 5 [ 11 76 4t i A 52 11
Regulates the Arf6-Rab8a GTPase cascade to promote Brucella
intracellular replication

HEBR BCV WS B AFR &Y LAMP-1, 15 BCV (41 A 542
Excludes the lysosomal marker LAMP-1 from BCV and regulates its
intracellular trafficking

5 Herp MEAEH], 1EZE aBCV HYTE LA K2 40 BT N 52 S e 44t i
Heth

Interacts with Herp to delay aBCV formation and bacterial expulsion
from infected cells

A S A E A

Regulates the subcellular localization of nucleolar proteins

2008

2008

2011

2011

2011
2011

2011

2013

2013

2013

2013

2013
2013
2013

2014

2021

2023

[42]

[42]

[43]

[44]

[44]
[44]

[44]
[45]

[45]

[41]

[41]

[16]

[47]
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Sech1+
LAMP-1+
BCVs rBCVs BCVs LAMPI1- @
aBCVs
Lysosome BspA ~.=>  Promote Brucella
(i7g ) =] ERAD J,_) ~7" _intracellular growth
Bspl. Delay aBCV
@ (_ HerpV) -_)lﬂl T—) formation
\ 4 aBCVs ERAD pathway - Y .
E Type IV secretion system
RicA ‘“ - BspB mitigates the 1 T4
eBCVs 7 ' —_y (D —> =555 | megative effect on i ewe':t_or )
Rab7+ T4S8S Brucella replication =S, Endoplasmic reticulum
LAMPI+ effectors +BSpB = that the RicA effector ~£575 Golgi apparatus
[ Vesicular transport from Golgi to endoplasmic reticulum | Recycling endosome
Trans-Golgi network
- rBC TG icles
-  to promote Brucella replication

Vesicular transport between the Trans-Golgi network
and the recycling endosomes

012 hours 2

1 T4SS HEAFPFTHEHERERENRSNMAEATI 1S RE T4SS BV K T ERAD i
. R R A s A A5 S e, Y A B T A vy R AR O A PN B
Figure 1 T4SS effectors modulate Brucella-containing vacuole intracellular transport. Brucella T4SS

effectors regulate signaling pathways such as the ERAD pathway and Golgi-related vesicular trafficking,
facilitating the establishment of replication niches and promoting the intracellular proliferation of Brucella.

[ (immunoglobulin heavy chain binding protein,
Bip)MHEAEM, SIENBR N, FHFARITS
AR, DT R A 58 AE PR T IL-6 A
TNF-a 774015205 BspF i@ i il NF-«xB ., p38
MAPK K INK MAPK 553 % F B , M1 410
Hil 42 28 [N F IL-1B . IL-6 Al IL-8 F 4385 RicA
5T & FE R - (stimulator of interferon
genes, STING) HAEIfid1f [ Wi B AR 5 4% 15 fi
STING, T LT~ Ui £ 536 % AR 380, 40 i
TANK %5434 1 (TANK binding kinase 1, TBK1)
AT E AT T 3 (interferon regulatory factor 3,
IRF3)# R AL JE ] IFN-p #3519, BspB il
5 TBKI1 Z4PEZ5A IRF3, Jk/ TBKI1 Xt
IRF3 IR AL, D/ 4% 5% S F p-IRF3 A%,
PET 0] IEN-B #7410 T4SS oz P54 5
A A 32 O, (B SOANTESS FIRN SR

LRGSR I G BE SOV Y RE TS, Bl A 6 FRRTAE A

F 41 KA AE (R 2).
2.2.3  T4SS N EFFTHEE MR E b
ke

A LG T4SS A0 PR ml 38 2o Fo A
KPEGETI N, R4 2 R /)N B
TP TR 7 A QTR 2308 AL 2, BPEOOS
N AT AT el O S - R A S T B
i JE R L(E W X cAMP Fl PKA {5518
OB i AR . ek R AR R
M SNE R B, (L aE AR 4EARDYT, X
SEfE IR ] BPEOOS 7 A &[G I B gy 5 i i it
s A] e HA DGR BRI s BtpA i BtpB
AT Bl A 6 PC AT B g o 2 B A1 s 2 40 i
B IR T g Jt 2204 — 4% 4 iR (nicotinamide adenine
dinucleotide, NAD")/KF-, W5t [ml & 55 18 3= 211
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VeeC
ER stress

I —
XBi:'lumR.i’\IA¢ XBP1ls mRNA

IRE1-XBPIs pathway

J

[NF-«B, p38 MAPK and JNK MAPK pathway |

= | BCV

Type IV secretion
. system

+ T4SS effector
ﬁ Endoplasmic
reticulum

IL-6

g | e [TE1B

O] 16

Nucleus

IL-8

E2 TASSHNETFEEEEMMNRERN S K T4SS SV K 18 12 715 N 5 W % NF-KB |
P38 MAPK , JNK MAPK Fil STING %55 53l i, VA48 18 F0E S, Mmife dEm € R 7EmE R

I 1

Figure 2 T4SS effectors modulate host cell immune responses. Brucella T4SS effectors regulate host
immune responses by modulating signaling pathways such as ER Stress, NF-kB, p38 MAPK, INK MAPK,
and STING pathways, thereby promoting the immune modulation and facilitate the persistent intracellular

survival of Brucella.

Ae G, BN HAETE FAMA R HIPT; VeeA
REFD I B W 677 2 A i 1205 VeeC
fews il C/EBP [R]¥ £ 1(C/EBP homologous
protein, CHOP) %55 (1) 4t i 8 T LAFS B A & [Q TR
FELLAE )= AR A 2 ), BPE123 b IEf/
WS A BT F B o- M52 1L i (alpha-enolase,
ENO-DMHEA, HBER S BCV 4545
FHAE M T Re AR fk, TS 58 T ENO-1 36,
LT 2 5ok AE A, SCGE 40 A
B QT 2 PR AR E, A B T4 6 TR 40 A Y
HIA715 100 BspF HA G EEAL B BG4, BspF

RES A EAE R A pS3 M Sl k&, R
ik p53 HPIRYFRE, dkmipil H e TR r
B SRR RIS, P06 fE E e T
NyxA TERGUHBEIE N T8 FAMA Az, B
BES5EEEAR SUMO ¥R MEEAB 3
(SUMO-specific protease 3, SENP3)FH HAEH,
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