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Molecular mechanism to maintain homeostasis in gut microbiota through
protein-protein cross-linking by transglutaminase
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We obtained following findings through the project on Drosophila TG
supported by this grant. TG (i) plays an important role in cuticular morphogenesis, hemolymph
coagulation, and entrapment against invading pathogens, (ii) suEpresses the immune deficiency
pathway to enable immune tolerance against commensal bacteria through the incorporation of
polyamines into the NF-k B-like transcriﬁtion factor Relish as well as through the Erotein—protein
cross-linking of Relish, (iii) forms a physical matrix in the gut through cross-linking of
chitin-binding proteins, and (iv) is involved in the maintenance of homeostasis in microbiota in the

gut. In addition, we found the evidence that TG-A, one of alternative splicing-derived isoforms of

Drosophila TG, is secreted through an endoplasmic reticulum/Golgi-independent pathway involving
exosomes and fatty acylations.



TG
8 TG
1
TG
TG
TG-RNAI
Toll Imd
Imd
NF-xB Relish
TG2 Spl
c-Met

hypoxia-inducible factor-1

TG2 3
NF-xB
TG  Relish
TG
TG-RNAIi

TG

(Pinlsb) TG

TG

Imd

HIF-1

TG-RNAI

15b

TG mRNA

TG-A
TG-B 2
TG-A TG-B
C- 730 46
38 N-
TG-A N-
N-
TG
TG
TG
ROS
TG
TG
TG
TG
€)) 16S rRNA
TG-RNAIi
TG-RNAi
(2) TG-RNAIi
TG-RNAIi ROS
TG Ca*'
Ca** Ca®
TG-RNAi
ROS ROS

3) TG



(4)N-

TG-A

TG-A

() TG

TG-

TG

X1 BERROEES

BRER DR

TG-A
S2 N-
TG-A
TG-A TG-B
1,5)
AR E
joid

4% FOVIURZYY — FERMESHE
¥ ERRRIEN ARSI E
) 2V ENREBE
® FIYRIIVEI S PIC LR HERE

.................

o
A

’

1

'

'

1

'

1
p
N9
5
'
)

..................

10 50 500

TG
NF-«xB

Symbiosis

16S

rRNA V4 0.5
92 8.0
TG
77 22
4 SK1
SK4
SK1 SK4
gnotobiotic
flies
SK1 SK4 1 1
( 2,5)
Acetobacter Providencia
IMD AMP v Acetobacter
'Acetate
Peptsdoglycan
f’ — ) QC
resgonse imm{ine Toxlc > X x
agents(?)
e0 00000 XOKXOXX
Immune tolerance by dTG gﬁﬁmn—?u
...” ’..‘, ‘.“ IMD pathway “.o‘
Q. 5
2. TG IMD
7nE1-7-‘7‘j;7l ;'I':l?"f*f/?E
FE/vOEI IvoEIY FIv9EI vk
Pe&EE L& 108
3. TG
(3) TG (DCA)
Relish TG
6 GIn Gln
Relish DNA
Relish DNA
TG DCA

Relish DNA



Diptericin TG

TG

Relish Relish DNA
( 3,5)
) TG 2
(TG-A TG-B) TG-A  N-
N- S
TG-A (MVB)
( 4,5)
TG-A N-Myristoylation site

~5 S-Palmitoylation sites
MGOKLSCCQKCGDWKIWCTSKDNEESTLRIRNANANYF TGIPQGDKT -
TG-B
MSYWYRNYTPSWLQRWWPNSQPRRVNPFRNTRPSADLE -
4. TG-A  N-

Commensal
ba ctertwj/
PGRP-LC Secretion by
Ca?* signaling

PGRP-LE
) n?
Activated
NF-kp W 4
#’n!ymerizat\'on A A
Foa MVB
<Inactivation of _
NF-KB> o~
- Y TG-A
olyamines i
v -~ B 2 Palmitoylation
N L
: ( ) Myristoylation
o ~
A Nucl Nucleus A
Gut epitherial e Hemocytes
cells or other cells

[Physiological functions of TG-B] [Physiological functions of TG-A]

5. TG-A

(5) Pinl5b
mRNA

Pinl5b

Pinl5b
Pinl5b
Pinl15b
Pin15b-RNAi

Pinl5b TG

5
1) Shibata, T. and Kawabata, S.: Pluripotency and
a  secretion mechanism of  Drosophila
Transglutaminase. J. Biochem. 163, 165-176
(2018).(doi: 10.1093/jb/mvx059) ( ) ).
2) Shibata, T., Hadano, J., Kawasaki, D., Dong,
X., and Kawabata, S.: Drosophila TG-A
transglutaminase is secreted via an
unconventional Golgi-independent mechanism
involving exosomes and two types of fatty
acylations. J. Biol. Chem., 292, 10723-10734
(2017). (DOI: 10.1074/jbc.M117.779710) (
).

3) Maki, K., Shibata, T., and Kawabata, S.
Transglutaminase-catalyzed  incorporation  of
polyamines masks the DNA-binding region of the
transcription factor relish. J. Biol. Chem., 292,
6369-6380 (2017).
(doi:10.1074/jbc.M117.779579) ( ).

4) Sekihara, S., Shibata, T., Hyakkendani, M., and
Kawabata, S.: RNA interference directed against
the transglutaminase gene triggers dysbiosis of
gut microbiota in Drosophila. J. Biol. Chem. 291,
25077-25087 (2016).
(doi:10.1074/jbc.M116.761791) ( ).

5) Shibata, T., Maki, K., Hadano, J., Fujikawa, T.,
Kitazaki, K., Koshiba, T., and Kawabata, S.:
Crosslinking of a peritrophic matrix protein
protects gut epithelia from bacterial exotoxins.
PLoS Pathog. 11, 1005244 (2015). (doi:

10.1371/journal.ppat.1005244) ( ).
34
1)
Peritrophin-15 . 90
2017 12
6 9
2)
NF-xB . 90
2017
12 6 9
3)

(TG)



90
2017 12 6 9 .
4) Shibata, T., Maki, K., Fujikawa, T., and
Kawabata S.: Transglutaminase-catalyzed
crosslinking of peritrophic matrix proteins
maintains the gut epithelial immunity in
Drosophila. Entomology 2017 in the Annual
meeting of Entomological Society of America.
Denver, Co., U. S. A. November 5-8, 2017. (
)

5) Shibata, T., Maki, K., Fujikawa, T., and
Kawabata S. Transglutaminase-catalyzed
crosslinking of peritrophic matrix proteins
maintains the gut epithelial immunity in
Drosophila.  European Drosophila Research
Conference. London, England, September 22-25,
2017. ( )

6)
NF-«B
Relish . 29
2017 8 24 26
7 Dong
Xiaoqing
29 2017 8
24 26
8)
28
2017 6 29 7 1
9)
NF-xB Relish . 29
2017 5 13 14
10)

29

2017 5 13 14
11)
90

2017 3 19 21 . ( )
12) Shibata, T., Hadano, J., Shibata, T., Dong, X.,
and Kawabata, S.: S-Palmitoylation is essential
for secretion of transglutaminase upon bacterial
infection. (Poster) The Second Asian Invertebrate
Immunology Symposium. Yuanzheng Qizhen
Hotel, Hangzhou, China, October 14-17, 2016,
China.
13) Dong, X., Shibata, T., Hadano, J., and

Kawabata, S.: Fatty-acid modifications control
secretion of an alternative splicing form of
Drosophila transglutaminase is secreted on
exosome-like vesicles. (Poster) The Second Asian
Invertebrate Immunology Symposium. Yuanzheng
Qizhen Hotel, Hangzhou, China, October 14-17,
2016, China.

14) Shibata, T., Hadano, J., and Kawabata, S.:
Fatty-acid modifications control intracellular
localization and secretion of Drosophila
transglutaminase. The Second Asian Invertebrate
Immunology Symposium. Yuanzheng Qizhen
Hotel, Hangzhou, China, October 14-17, 2016,
China.

15) Sekihara, S., Shibata, T., and Kawabata, S.:
RNA interference  directed against the
Transglutaminase gene triggers dysbiosis of gut
microbiota in Drosophila. The Second Asian
Invertebrate Immunology Symposium. Yuanzheng
Qizhen Hotel, Hangzhou, China, October 14-17,
2016, China.

16) Maki, K., Fukae, Y., Shibata, T., and
Kawabata, S.: Functional analysis of a peritrophic
matrix protein in Drosophila. Second Asian
Invertebrate Immunology Symposium. Yuanzheng
Qizhen Hotel, Hangzhou, China, October 14-17,
2016, China.
17)

NF-«xB
Relish . 89
2016 9 25 27

18)

89
2016 9
19)

25 27

89
2016 9 25 27
20)

89
2016 9
21)

25 27

28 2016 8
18 20
22)

28

2016 8 18 20

23j



28
2016 5 14 15

24j

28
2016 5 14 15
25)
28
2016 5 14 15
26)
28
2016
5 14 15
27)
88
2015 12 1 4
28)
88
2015 12
1 4
29)
88
2015
12 1 4
30)
27
2015 8 21 23
31)
27
2015 8 21 23
32)
36
2015
7 21 22 )

33)

27 26

2015 7
10 12
34)
Acetobacter
27

2015 5 16 17

1) Shibata. T. and  Kawabata S.:
Transglutaminase in Invertebrates. In
Transglutaminases. multiple functional modifier
and targets for new drug discovery (Hitomi, K.,
Kojima, S., and Fesus, L. Eds.) (2015), pp
117-127, Springer, Tokyo, Heidelberg, New York,
and London.

http://www.biology.kyushu-u.ac.jp/~biopoly/

W KAWABATA Shun-ichiro
90183037
2
3)
SHIBATA Toshio
00614257
“



