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研究成果の概要（和文）：細胞内に感染した病原細菌を殺菌するオートファジーの膜動態制御メカニズムの解析
を行なった。膜輸送制御因子ファミリーであるRab GTPaseの網羅的解析の結果、Rab35を介したオートファジー
アダプターNDP52の制御メカニズムを明らかにした。また、細胞内レセプターであるNLRP4は侵入した細菌を認識
し、細胞骨格制御因子であるRhoシグナルを調節することでリサイクリングエンドソームとオートファゴソーム
の融合を促進し、膜の伸長を制御していることが明らかになった。すなわち、細胞内において病原体の認識から
オートファジーの膜動態を制御する分子機構の一端を明らかにすることができた。

研究成果の概要（英文）：We performed comprehensive analysis of Rab GTPase family proteins in 
autophagy against bacterial pathogens. We identified Rab35 as a novel autophagy regulator. Rab35 
binds to NDP52 and regulates the recruitment of NDP52 to invading bacteria. We also found that 
NLRP4, intracellular pattern recognition receptor, is recruited to invaded bacteria and regulates 
Rho signaling via RhoGDI to promote the fusion between recycling endosomes and autophagosomes. The 
fusion step is required for the extension of autophagosome membranes and form complete 
autophagosomes. Taken together, we revealed how host cells recognize pathogens and induce selective 
autophagy.

研究分野： 細菌学

キーワード： オートファジー　Rab GTPase
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Figure 1. TBC1D10A negatively regulates NDP52 during xenophagy. �
(A) Screening for TBC/RabGAPs that affect autophagosome formation during GAS infection. HeLa cells overexpressing EmGFP-
tagged TBC/RabGAP and mCherry-tagged LC3 were infected with GAS for 4 h, and the percentage of cells that formed 
autophagosomes was determined by confocal microscopy. (B) Autophagosome formation in HeLa cells overexpressing EmGFP-
TBC1D10A catalytic mutants R160K or D157A, and infected with GAS. (C, D) HeLa cells expressing indicated FLAG-TBC1D10 
constructs were infected with GAS and analyzed by immunoblotting with indicated antibodies. Data in D are mean ± SEM from three 
independent experiments of LC3-II 4 h post-infection and normalized to actin. (E, F) Bacterial invasion (E) and viability (F) of GAS in 
HeLa cells overexpressing TBC1D10A and TBC1D10A R160K. (G) Recruitment of indicated proteins to invading bacterial cells, as 
quantified by confocal microscopy. (H) Confocal micrographs of NDP52 recruitment to GAS 4 h post-infection in HeLa cells 
expressing indicated EmGFP-TBC1D10A constructs. Scale bars, 10 µm. Data in A, B, D, E, F, and G are mean ± SEM of three 
independent experiments. �
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Figure 2. Rab35 regulates NDP52 recruitment to invading bacteria. �
(A, B) Quantification (A) and confocal micrographs (B) of mCherry-NDP52 recruited to GAS at 4 h post-infection in wild-type, 
Rab27, and Rab35 knockout HeLa cells. Scale bars, 10 µm. (C, D) Autophagosome formation (C) and confocal micrographs 
(D) in wild-type, Rab27, and Rab35 knockout HeLa cells expressing EmGFP-LC3 and infected with GAS for 4 h. (E, F) 
Quantification (E) and confocal micrographs (F) of galectin 8, ubiquitin (Ub), p62, and OPTN recruited to GAS at 4 h post-
infection in wild-type and Rab35 knockout HeLa cells. Scale bars, 10 µm. (G, H) HeLa wild-type and Rab35 knockout cells 
were stained with NDP52 and ubiquitin primary antibodies to assess NDP52-Ub binding by Duolink proximity ligation assay. 
Dots (red) indicate NDP52-Ub complexes. (I, J) Immunoblotting of LC3 in wild-type, NDP52, and Rab35 knockout cells 
infected with GAS (I). Data in J are mean ± SEM from three independent experiments of LC3-II 4 h post-infection and 
normalized to actin. (K, L) Invasion (K) and viability (L) of GAS in wild-type, ATG5, NDP52, and Rab35 knockout cells. Data 
in A, C, E, H, J, K and L are mean ± SEM of three independent experiments. �



NDP52
	 NDP52 Rab35

TBK1 	TBK1
TBK1

Rab35 NDP52
	

	 Rab35
TBK1 NDP52

	
	 

 
 (3) LAMTOR2  

TAX1BP1

	
TAX1BP1
LAMTOR2 	 LAMTOR2
TAX1BP1 LC3 LAMTOR2

TAX1BP1
	 

 
(4) NLRP4  

NLRP4

	
RhoGDI 	 

RhoGDI NLRP4 NACHT
	

NLRP4
RhoGDI Rho

NLRP4 RhoGDI
Rho

	
Rho

Atg9

NLRP4/Rho Atg9
	

NLRP4/Rho Atg9

	 
 

Autophagy 2017
in press 	 
 
 
(5) Rab30  
Rab GTPase

Rab30

	 

Rab30

	 GDP Rab30

GTP Rab30

	 Rab30 GDP/GTP

	
Rab30

Rab30
	

LC3
	 Rab30

	Rab30

	
Rab30

	

	
Rab30

Rab30
	 

Rab30 Is Involved in Xenophagy

PLOS ONE | DOI:10.1371/journal.pone.0147061 January 15, 2016 5 / 15

N
on

-in
fe

ct
io

n�
G

AS
 in

fe
ct

io
n�

A� GFP-NLRP4� mCherry-ARHGDIA� DAPI� Merge�

GFP-ARHGDIA� mCherry-LC3� DAPI� Merge�B�

FLAG-NLRP4�+� +�
+� +�

+� +�
GFP-ARHGDIA�
GAS infection�

IP: FLAG�

Lysate�

GFP-ARHGDIA�

GFP-ARHGDIA�

FLAG-NLRP4�

+� +�

F�

FLAG-ARHGDIA�
GFP-NLRP4�+�

IP: FLAG�

Lysate�

+�
+�

FLAG-ARHGDIA�

GFP-NLRP4�

GFP-NLRP4�

G�
FLAG-NLRP4�+� +�
GAS infection�+�

IP: FLAG�

Lysate� ARHGDIA�

ARHGDIA�

H�

Figure 2�

MBP- 
ARHGDIA�

CBB�

pull-down�I�
GST-�

ARHGDIA�

SQSTM1�

ACTB�

0� 3� 6�

Time after infection (h)�

LC3-I�
LC3-II�

tf-
AR

H
G

D
IA

-p
os

iti
ve

 G
cA

V 
(%

)�

Time after infection (h)�

Yellow-ARHGDIA 
Red-ARHGDIA�

0 

20 

40 

60 

2 3 4 5 

D� E�

0 

5 

10 

15 

20 

25 

30 

35 
MEF WT�
MEF ATG5 KO�

C
el

l w
ith

 A
R

H
G

D
IA

 
po

si
tiv

e 
G

AS
 (%

)�

2 h� 4 h�

**� **�

C�

Figure 7�
A�

C
el

ls
 w

ith
 A

TG
9A

-p
os

iti
ve

 G
A

S
 (%

)�
C

el
ls

 w
ith

 A
TG

9A
-p

os
iti

ve
 G

A
S

 (%
)�C
on

tro
l�

A
R

H
G

D
IA

 K
D
�

R
H

O
A 

K
D
�

C
on

tro
l�

La
tru

nc
ul

in
 B
�

Ja
sp

la
ki

no
lid

e�

B�

GFP-LC3� ATG9A� DAPI� Merge�

GFP-LC3/DAPI�
a� b� c� d�

Control ATG9A KD�
a

b

c�

d-ATG9A�

-ACTB�50-�
95-�

(kDa)�

E� F�

C�

D�

G

GFP-ATG9A�mCherry-LC3� DAPI� Merge�

C
K

-6
66
�

0 

5 

10 

15 

20 

25 

30 

**� **�
**�

*� *� *�

Con
tro

l

ATG9A
 KD

0

5

10

15

20

25

Con
tro

l

ATG9A
 KDControl� ATG9A�LC

3-
si

gn
al

 le
ng

th
 (µ

m
)�

5�

0�

10�

15�

20�

25�

0 

5 

10 

15 

20 

25 

30 

**�



 
Rab30

	
PLoS One 2016 	 

 
 

 
 

7  
1. Okura M, Nozawa T, Watanabe T, Murase 

K, Nakagawa I, Takamatsu D, Osaki M, 

Sekizaki T, Gottschalk M, Hamada 

S, Maruyama F. A locus encoding variable 

defence systems against invading DNA 

identified in Streptococcus suis. Genome 

Biol Evol. 2017 Apr 4. doi: 

10.1093/gbe/evx062.  

2. Roobthaisong A, Aikawa C, Nozawa T, 

Maruyama F, Nakagawa I. YvqE and 

CovRS of Group A Streptococcus Play a 

Pivotal Role in Viability and Phenotypic 

Adaptations to Multiple Environmental 

Stresses.  

PLoS One. 2017 Jan 25;12(1):e0170612.  
3. Nakajima S, Aikawa C, Nozawa T, 

Minowa-Nozawa A, Toh H, Nakagawa I. 

Bcl-xL Affects Group A 

Streptococcus-Induced Autophagy Directly, 

by Inhibiting Fusion between 

Autophagosomes and Lysosomes, and 

Indirectly, by Inhibiting Bacterial 

Internalization via Interaction with Beclin 

1-UVRAG.  

PLoS One. 2017 Jan 13;12(1):e0170138. 

4. Nozawa T, Minowa-Nozawa A, Aikawa C, 

Nakagawa I. The STX6-VTI1B-VAMP3 

complex facilitates xenophagy by 

regulating the fusion between recycling 

endosomes and autophagosomes.  

Autophagy. 2017 Jan 2;13(1):57-69. 

5. Kulkarni T, Aikawa C, Nozawa T, Murase 

K, Maruyama F, Nakagawa I. DNA-based 

culture-independent analysis detects the 

presence of group a streptococcus in throat 

samples from healthy adults in Japan. 

BMC Microbiol. 2016 Oct 11;16(1):237. 

6. Oda S, Nozawa T, Nozawa-Minowa A, 

Tanaka M, Aikawa C, Harada 

H, Nakagawa I. Golgi-Resident GTPase 

Rab30 Promotes the Biogenesis of 

Pathogen-Containing Autophagosomes.  

PLoS One. 2016 Jan 15;11(1):e0147061.  

7. W. Paveenkittiporn, T. Nozawa, S. 

Dejsirilert, I. Nakagawa, S Hamada. 

Prevalent emm types and superantigen 

gene patterns of group A Streptococcus in 

Thailand. Epidemiol. Infect. 12:1-6, 2015 
 

3  
1. 

90
2017.3.17  

2. A Disrupted PI4P-Enriched TGN 
Induced by Group A Streptococcus 
Contributes to Xenophagy 89

2016.3.23  
3. Rab17-mediated recycling 

endosomes contribute to antibacterial 
autophagosome formation 88

2016.3.26  
 

 
 

http://www.bac.med.kyoto-u.ac.jp/ 
 

 
(1)  

NOZAWA Takashi  

possibility that the Golgi complex is involved in GcAV formation and that the impairment of
GcAV formation in Rab30-knockdown cells results from destruction of the Golgi structure. To
examine this possibility, we silenced Rab1 and Arf1 expression and examined the GcAV forma-
tion and the morphology of the Golgi complex. Although depletion of Rab30, Rab1, or Arf1
caused Golgi fragmentation, only Rab30 knockdown reduced the GcAV-formation efficiency

Fig 3. Rab30 is involved in autophagy during GAS infection. (A) HeLa cells were transfected with a control siRNA or Rab30 siRNA (siRab30 #1), as well
as mCherry-LC3, and EmGFP-p62, or EmGFP-NDP52 expression vector and then infected with GAS for 4 h. Cells were then fixed, permeabilized, and
immunostained with an anti-ubiquitinated protein (Ub) antibody. Yellow bars, 2 μm. (B) The number of cells containing Ub/NDP52/p62-positive GAS were
counted and presented as the percentage of the total number of GAS-infected cells. Data represent the results of >100 cells in terms of the mean value ± SD
from 3 independent experiments. (C) HeLa cells transfected with control siRNA or Rab30 siRNA (siRab30 #1), as well as an EmGFP-LC3 expression vector
were infected with GAS for 4 h. The cells were then fixed, permeabilized, and stained with DAPI. Yellow arrows indicate GcAV. Bars, 10 μm. (D) The number
of cells containing GcAVs was counted and presented as the percentage of the total number of GAS. Data represent the results of >100 cells in terms of the
mean value ± SD from 3 independent experiments. * P < 0.05. (E) HeLa cells were transfected with control or Rab30 siRNA (siRab30 #1). At 48 h post-
transfection, HeLa cells were infected with GAS for 1, 2, or 6 h. Recovered bacteria were measured in GAS viability assays. The data shown represent the
mean value ± SD from 3 independent experiments.

doi:10.1371/journal.pone.0147061.g003
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