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AAA family proteins are molecular chaperones
involved in a variety of cellular processes including
protein degradation, membrane biogenesis/fusion,
dynamics of cytoskeleton, and
maintenance/reconstitution of organelles. They form
ring-shaped oligomers. Upon ATP hydrolysis, they
unfold and translocate substrate proteins or
disassemble protein complexes. Recent studies have
also implicated AAA proteins in a number of human
genetic  diseases including neurodegenerative
disorders. We have been investigating the cellular
functions, molecular mechanisms, and
nanodynamics of various AAA proteins for decades.

Various cellular functions of AAA proteins

Membrane fusion,
protein translocation

NSF/Sec18p

Reconstitution of ER, Golgi,
and nuclear envelope

p97/NCP/Cdc48p, NSF

| ER-associated degradation
p97/VCP/Cdc48p

| Proteolysis If

profaasomal ATPasaes,
FiaH, CipA, Cipi, Hsil, Lan

Aggregation/disaggregation
and refolding of proteins

p97/NCP, Hsp104/ClpB, torsinA

Mitochondria

Yta10p/Ytal2p/paraplegin,
Ymeip, Mspip, Besip, Lon, ClpX

Chloroplasts

FtsHs, ClpC

AAA YV XTHED

red: AAA proteins
green: other AAAT proteins

Endosomes

Vps4p/SKD1

Peroxisome biogenesis
Pex1p, Pex6p

Mitosis, meiosis, apoptosis,
and microtubule dynamics

Cdc48p/VCP, smallminded/
MAC-1, CED-4/Apaf-1, katanin/
MEI-1, spastin

dypeins
DA replication

Ore, Cde8p, Mem, clamp-igaders
DnaA

DNA recombination, repair, and
transcriptional regulation

RuvB, pontin, reptin, WRNIP1/
Mgs1p, proteasomal ATPases,
fidgetin, NtrC, PspF

Maturation of ribosomes
Rix7p/NVL2, Realp, Drgip
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18R  Staff 2018.3)
A4 WA Name and Position

NS itz Teru Ogura, Professor
e R Bz Kunitoshi Yamanaka, Associate Professor
IS HEE Bh# Masatoshi Esaki, Assistant Professor
FHE O % e g Ai Murata(Johjima), Postdoctoral Researcher
b YEZE e E Yasuhiro Onoue, Postdoctoral Researcher
Md. Tanvir Islam KR4 Md. Tanvir Islam, Graduate Student
Abhijit Chowdhury KFPeE Abhijit Chowdhury, Graduate Student
Suman Mojumder Kt Suman Mojumder, Graduate Student
Sabiqun Nahar KPP Sabiqun Nahar, Graduate Student
K EnkE Hilrire B Mizuho Yano, Technical Assistant
JERH AT He e B Noriko Fujita, Technical Assistant

THEREE

Staff in the past (2012.4~2018.3)

Ei Name TEFE I TEEE R4 i HH 2
HH EC Yukimoto Tsuda 2016.4.1-2018.3.25 KP4 PR EL 5 B
5 S - N Kentaro Noi 2014.4.1-2017.3.31 WHEE KIRK

-2013.3.31

Kt T+ Sachiko Otsu 2016.4.1-2017.3.31 Hetlrite B
LS Hiroyuki Miwa 2016.4.1-2016.6.30 | BF%EH HOUHRER
W P 2016331 | KB - BIEE | fER R s
— /WA TFf% | Chiyome Ichinose -2016.3.31 bkt A A A 2 i
=8 RS Risa Toyoshima 2014.4.1-2016.3.31 RFBiE b ifn A
KN B+ Akiko Okawa 2013.4.1-2015.9.30 RFbee
AT B Rie Sawamura -2015.3.31 PR = W A VP IR TYAN
Rl A6 Yuki Murayama -2015.3.31 RbeA
ok e Yuhei Tokunaga 2014.4.1-2014.10.31 | Az 8 R INVSYE I NE=
FEH g Kiyonobu Karata -2014.3.31 WHIEE
B ®E Akinobu Onitake -2014.3.31 RFEFAE R | vy T v
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HRBEE  Projects
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Yarious reactions mediated by AAA proteins
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B2 AAAYV 7 BOXREHMEREBRER

IR, b MEEMEREEBICED S AAA Z X
JEBERAICFAESNTEZ (K3), 2055,
fi 22 #4852 18 (b JiE  ( amyotrophic lateral
sclerosis) RF /3 = v M & ATFEAMITAIERIEE
iE & O B AR % (IBMPFD) (ZBEH %
p97/VCP, BACMEIEMEXTHBREL (hereditary spastic
paraplegia) (ZB4> % spastin, FERSHE AR T
2JiE. GRACILE SR & O Bjornstad Ji i
(2B % BCSIL 7¢ LICiEH L CHIERERE & 5y

TR T LT & 72,
Diseases gnd dizarders caused by manation: ol ARRARA= prateing
';:.-u:'rl d knmr
& Page i
i:-mlm-rn Frmyoboph H!ri:dllmblﬁl.ll.
i ﬁ " Tewrm H&u:#l l:=|5|
Sparvan memunmwwm =L
ey o g ]
ALY ‘!-Ihﬁhl:!lﬂb’ﬂhlllil! ﬂlm mmuw:ﬂm
Eriii e SERLRY
Faulp_ Pardp g ranppng dop i | Grbmae: rprabees reeuly sdesewsrdpriopbn,
AAAT proteins
CLPXP Perrault syndrome
LONP1 Cerebral, ocular, dental, auricular, skeletal (CODAS) syndrome
cLeB 3-Methylglutaconic aciduria with cataracts, neurological involvement, and

neutropenia
TorsinA Early onset torsin dystonia
Axonemal dynein  Primary ciliary dyskinesia (PCD), Kartagener syndrome
Cytoplasmic dynein Charcot-Marie-Tooth disease, Spinal muscular atrophy, Severe intellectual
sp iating thoracic y y, Short rib-p yly sy
typelil, ions of cortical d o pment, Li: hal:
(Miller-| Dlekersyndrome)
Moyamoya disease
Meier-Gorlin syndrome
Microcephaly, Intellectual disability

Mysterin/RNF213
ORC1, ORC4, CDC6
SPATAS

3. AAAYV 7B ICRRTLKRE

1. AAA 7 7 2 U —ATPase D5y {-Ht#& O fiE B
W INE BIWiE% 35 spastin  katanin @ 6 Bk > 7
I D H R D FLITALE S D IR AF S T2 5 B IR
HEELRT T — 7L OUEFEM IR LD K

ElICEETHL H Z L EEH L &
(Matsushita-Ishiodori et al., 2009; Johjima et al.,
2015), E7z. katanin (2 X 28I, MUNE
BT D aBLRBF2—T VU BIFDOCKE
SRR IR N LA TH DH Z B o T
(Johjima et al., 2015),

BEEED p97 A1 7 Cdcd8 O DI AAA KA A
VIIRT®ETF T OREEBEREE R LTND
RTETFT—7 DFEEBRERET AAA ’*”/Jv/\m
UREE R EE ) 7Ol T L 9|
LT7/7¢~wF?é%qu£T%ék%
26N TWD CRilBLET L), BERE Cded8 D
DI AAA RAA U DRT EF— 7| HEEFIERIE
EEATHE, BBELD, T T —
NT 4 v TIEVED EH U 72 Cded8 & 20S 77
7y~A@A¢ i@ R B L A 7R AR
DN TE IREPMEE SNl LB
ZHivd (Esakl et al., 2017),

2. AAA Z X7 B ORI DT ) BREEI22
AAA X T EB X O OGO EE
SR REZFOLFEIIZERIT X 0 BA%E S 7= i
TR BREE (AFM) ZHWCBZE L, /8
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HEFRMT 7 & 2y TR 2 R L T\ 5, ATP K

IEDYA 7 T, p97 BNED X S etEEE b
450, iR AFM TEIZR LI L 25, ATP
AEFT. N-DI Vo Z BN D2 U 72k LT,
25° WEEHEI 0 IZEEE L, 3 ISIEDONLEIZ R S
EWVIOREEEILEREVIRLEZ T Z 000
Too BRRERWTMT NS, Z OEEbIC
1% ATP OFEE BMIT, NIRRT 2N 2
EEPIGMNI LT, 2D LD 7% p97 OEENE T
VT —IVT 4 IR ORISR E A% S 0T
LTwn<
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m m -40 | ]
counterclockwise
-60
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Time (sec)
X 4. p97 DidfgE AFM

mifg (Z2) &
KPR OMERF 2 ()

26S 7'r T T Y — A0, 19S il = ~Z6
D AAA Z T ERHY, KEZ o~
BHuT7r 74—/ KL, 7aT7r 7 —BEEER
DBV UTIZEVIALEEZ LTS, KR
2R FUAMEEEN, T T ) —AIHEA L,
il B F AL T, oSN D% EdE
AFM THIZER L, 7077 VY —A L5 8EE % v
NI EOET v 20D A TN S
[ R2 B HEZ Lz & & o LFRAFIE], BAED
LA, WEOREGHEMELS, vy )T
[Kf- Rad23 72 &2 K A {EdEZh R, Rad23 &FEE
BT DFER 72 EIZOWT BT & D T
W5,

p97 LIRIERIZ2 DD AAA RAA V& H T A

WZRD, & N7 BHEEROBEEETEEZ o
ClpB & ATP {EAFRIREIEZALIZ DV T b AFM fif
Bri, U7 Ty bl v I7EEE A
HENBIER S, BREL OBENHENI S LD K
R TRPEERERRS & OFEE],

AAA Z XU DT e D
W AFM Bl bW < ondkik LT, s afk
TH N IEDY AT 4 RiEE DI Z il i
LT, ZoRX0BEDT 3 —NVT 4 7 &IT D
PDI (Protein Disulfide Isomerase)” 7 I J —#%

NWNIEDHI B, I AT 4 —)V RZ /X7 E DI
HEoTZV AT 4 Niia a2k L, BE O
KOG a2 ERAjS O KA A DX A F 2

7Xk%%@m%%m%ﬁ’bk[$%ﬁ$m
BEHR S L OILFEFIE] (Maegawa et al., 2017) ,

PDI 7% 2V &/AigkﬁAsziw%%m
THETREICOVTHEHA LN LT,

3. AAA Z 2RI DOHINKSRE
BED p97 RET S CDCA8 L T XS Z—5F
B p97 ATV L, MIRSEEZO/NE,
IR IO FIREEEI @ < 1Z0, 2B FF o -
TaT T Y — AEREES/NMa RESE > fiE (ERAD)
72 ERR & IR I B S5 L T\ D, TR h—
VARG = T 7 V=~ DOERRY FLH R
VREGERER PR AN WD, 20T XS
H—2 TN pIT ITHREAE LT, ZRbn%k
EIHSREN RSN D, B b p97 RERZ VCP
1L ALS<°IBMPFD D JH KK+ & L ClaliE 4T
W5,

--__- -'-'-'-'J ~
o P LT L O, 53 e T]
S E
) ] LN =
e v L e
" Emap N, hl_-\ﬁ"'l "'-..w“‘\l
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B 5. %HAEE AAA 72578 p97

BHITIX, p97 RET I 2 HFEE L, FEfE
NEMETLIMNHERN T THDLZ EEIEH LTV
/NFERBE A iR, PEIRE, IR, Ye iR
g, e fRo3hc (Sasagawa et al., 2012) 732&

BT 5 p97 OEEEZH G Lz, Yetafksy
IZERWTIE, CDC-48 7% AuroraB «*rﬂ“~t“0)ﬂ%ﬁ
ZEfRHIE A2 LT, Ye R o AR 21T o
TWb, £72CDC-48 O C K7 ¥ 74 —D 1
DT&H D UFD-3 1%, RNV 7 X I EHEKRTER
ZHIET 52 E 2L, ORI
T, RYZNE I EEEORFEICE LT, &
FPEMBI CHIE TE D EEKR LV 2D
FECAEL AT T OF OBEERFE N &V D
RS E7- (Murayama et al., 2015) ,
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BRI fidgetin E 1 Z FIGL-1: ~ 7 ADHAKS
(FRIZNECIR) DR RE L 72D fidget 72
ROJFKIA T L U CHE S fidgetin OfpH
DARE B Y FIGL-1 [ZOWTHEHT L. FIGL-1 2%
TR EMRR T SUMO & 8 BAgIZF A/ER L,
PRI O FRICATEARE R BB 2R B A 0
STWAHZ EEZBHASMNZ L7 (Onitake et al.,
2012),

B2RED BCSIL &E 2 7 Besl : BCSIL (%3 h =
YR T OMREESIE T OSEITHET,
Rieske $k1 A0 X X7 B2 EEEITTHAT S
vy N rEEILNTWS, BREHWEE
{RHIFRFTIC & 0 | Besl O N AR D IEREL A1 )3
REICEETHDH I EEHA LML= (Sawamura
etal., 2014),

BERED p97 E T Cded8 : BERED p97 KRE T
7 Cded8 3, X b KU T OGBS T ZH
THY, FE )G E BT 5 Fzol DORIZE S
52 LHE R L7 (Bsaki & Ogura, 2012;
Miyazaki et al., 2014) ,

Cdc48 (p97)-208 a7V —Ah: LiZib~_7= L9
2. Cdcd48 23208 71T 7 YV —MITHkEE LIz
B7aT7 ) —AhOFEEEH LM Lz (4 6)
(Esaki et al., 2017), Cdc48-20S 7’127 7 > — A
DOHIBEANIYE & LT, Sodl (superoxide dismutase)
RN DD X LRI E ZIEE L. invitro T
Cdc48-20S 7 11 7
VA N [
Sod1 D5y fif % e
L72, Sodl DL
%, ALS DOJFK &
LCTHEINTEH
D, B b p97 KE
o7 VCP DR
ALS DJFK & 72 %
Z &M, p97-208
Ia T T — AN
ALS &P ES 5 A]
BEEREZEZ LD,

VAN - Eo0

4. 7TInA NS STy Stm s

t b p97 HEQ S VCP D TDP-437 I A R
HME~DRER 1 VCP ORI L - THRIET 5 ALS
X IBMPFD CiX,RNAfE G4 737 B TDP-43

6. Cdc48—20S 7757

DEERDHMIINIZERTT D, VCP 2% TDP-43
(CHEBEER U CRER IR % 9~ 5 rTEEELC
DWTHIET L, VCP IE ATP JE/F(E T T TDP-43
BHERICREAT 22 &0 ATP fFE FCIERA L
72UNZ & AFM #Bl%2C, VCP 73 TDP-43 O7
oA REHEZITRE AT 508, NEROEERIC
HIEEAERES LW E AN LT,
FiEE7 Iuf F—Y 20BHEFNERIR T
ENERAWIREEORE : oA A LT
COMBEANAT I oA ROWLBEICLVEI &SR X
NAOFEFEET I A R—Y ZAOMBET V2 AE
B, Zhae AW BREORE T 74k
G LT (R AEMBV AR L RSB S &
o I[FEAFSE],

BREMET I ol RS T T AN EGFU ¥R
vy [EEREICATE L ME L, B S NEAE
FTHMES~ B 7 A (XN T T, SRR
Be/p &) BN, XA T 4 VA %ER
B, NAF T 40V AR OMIETHUAEDE S
i EED S I, BIEEYYEL 5 X 2
T, KIGE 2 AW\ n s, o1y y
Ay DnaK 2B3A 47 4 )V ABRICHZE TH
HZEHRENWEL, MRk T7 IR A4 Fo 1
DIV BFUNAA F T 4L BB B R
Jagb< N U 7 2D 1 FETH 5 curli EEAE & #il] L
T, AT A NVAFERREMEIT S Z L 2W 5
722 L7= (Arita-Morioka et al., 2015), Curli .
HEICE > THISRT I A RHETHH Z &
NE, HEEET I o FEFFIENRD, &5
DnaK 723 & D & 9 72845 C curli PEAE 2l LT
WD OWTHIZEZ D, RO Z L2 LM
IZ L7z, D2 DDOHSG KT RpoS & CsgD DEHY
HEAHIENC LV | curli EERERLIA T CsgA DFE
BLAHIHE LT 5, @CsgA IZEHEREA L Tl
K& H#E LT 5 (Sugimoto et al., in press) . &
7o, REKUEERE TEMEE (ASEM) &5 8T
LWEFEAMELE VT, A 47 4 VLB
RIS OB RSN L7 (Sugimoto et
al., 2016), 7 I v A RO ML L LT
HENTWAFF7FE L T3 RNA IZHFES
THZEEZRHL, ZoMEZMALTRY A
AR RNA SRR OTEEE Y 7 v 2 A
ATER L, KIGEOMIA RNA O =A%
Al L9 5 Z L IZEP L 7= (Sugimoto et al.,
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2015), [RRZEESERKREERESRZS L O
(R 4E]

AAA family proteins are a subfamily of the
Walker-type ATPases. Their functional architecture
is a hexameric ring with a central pore. Recent
studies have indicated that they represent a novel
class of molecular chaperones, which unfold
proteins and disassemble protein complexes. They
are highly conserved from prokaryotes to humans.
Interestingly, the number of AAA members and their
functional distribution are similar in eukaryotes as
diverse as yeast, worms, flies, and humans. We are
interested in elucidating whether there is a common
molecular mechanism underlying the diverse
functions of the family members. Some AAA
proteins are involved in human genetic diseases, e.g.,
p97/VCP in amyotrophic lateral sclerosis (ALS) and
inclusion body myopathy associated with Paget
disease of bone and frontotemporal dementia
(IBMPFD), spastin in hereditary spastic paraplegia
(HSP), and BCSIL in respiratory complex III
deficiency, =~ GRACILE  (growth retardation,
aminoaciduria,  cholestasis, iron overload,
lactacidosis, and early death) syndrome. We have
studied the molecular mechanisms and cellular
functions of several AAA family proteins, especially
those related to human genetic diseases.

1. Common molecular basis of the AAA family

ATPases
Katanin and spastin are AAA proteins, which
possess microtubule-severing activity. It should be
interesting to ask whether or not the pore of these
AAA proteins is also functionally important. We
have found that conserved aromatic and basic amino
acid residues in the pore region of the C. elegans
spastin homolog, SPAS-1, and sea urchin katanin
are important for microtubule-severing
(Matsushita-Ishiodori et al., 2009; Johjima et al.,
2015). In addition, both of acidic C-terminal regions
of o and P tubulins are essential for the severing by
katanin (Johjima et al., 2015).

p97 (also known as VCP in human, CDC-48 in C.
elegans, and Cdc48 in yeasts) consists of the
N-terminal domain and two homologous AAA
ATPase domains, D1 and D2, and D1 lacks the
aromatic residue in the pore motif. It has been
proposed that the conserved aromatic residue of the
pore motif is important for unfolding activity of
AAA  chaperones by threading  substrate
polypeptides through the pore. We have found that
introduction of an aromatic residue to the pore mitif
of D1 of yeast Cdc48 becomes lethal, suggesting

that it is most likely that unnecessary degradation of
a certain essential protein(s) by the Cdc48-20S
proteasome complex with an elevated unfolding
activity causes lethal effect (Esaki et al., 2017).

2. Nanodynamics imaging of AAA proteins in

action by high-speed atomic force microscopy
Dynamic movements of AAA proteins and their
complexes with substrates are also being analyzed
by using a high-speed atomic force microscope,
which was developed by Prof. T. Ando at Kanazawa
Univ. To understand the molecular mechanism of
p97, we visualize conformational changes of C.
elegans p97 homolog CDC-48.1 hexamers, using
high-speed atomic force microscopy (HS-AFM). In
the presence of ATP, the N-D1 ring repeatedly
rotates ~25° clockwise relative to the D2 ring (Noi
et al.,, 2013). Mutational analysis reveals that this
rotation is induced by ATP-binding to the D2
domain. Repeated back and forward rotational
movements of p97 may account for, at least in part,
mechanical force in substrate processing.

The 26S protease consists of 20S catalytic and
19S regulatory particles, and the 19S particle
contain six distinct AAA proteins, which form a ring
with a narrow central pore, through which substrate
proteins are unfolded and translocated to the
proteolytic center of the catalytic B ring. We are
trying to observe the whole process of degradation
of polyubiquitylated substrate proteins by the 26S
proteasome; binding of substrates to the proteasome,
deubiquitylation, and degradation [collaboration
with Dr. T. Okuno of Yamagata Univ.]. So far, it has
been found that substrates bind to the 26S
proteasome inefficiently. We are also investigating a
stimulation effect of a shuttling factor Rad23 and
complex formation of Rad23 and a substrate protein.

We are also observing ATP-dependent
conformational changes of CIpB, which has a
disaggregating activity, by HS-AFM. Both closed
flat ring and closed spiral ring have been observed
[collaboration with Prof. M. Yohda of Tokyo Univ.
of Agr. and Tech.].

Several non-AAA chaperones have also been
observed by HS-AFM. PDI (Protein Disulfide
Isomerase) family proteins regulate disulfide bonds
of client proteins in the ER, and assist their proper
folding. HS-AFM observation of ERdj5, which
cleaves incorrect disulfide bonds formed in
misfolded proteins, and accelerates their degradation,
revealed its highly dynamic property and correlation
between dynamics and function [collaboration with
Prof. K. Inaba of Tohoku Univ.] (Maegawa et al.,
2016). Currently, we have also revealed dimer
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formation of PDI upon binding to a substrate.

3. Cellular functions of AAA proteins

p97 homologs in C. elegans (CDC-48.1 and
CDC-48.2) and adaptors: p97 is a multifunctional
AAA protein, which is involved in the reconstitution
of endoplasmic reticulum (ER), Golgi apparatus,
and nuclear envelope, the ubiquitin-proteasome
pathway, and ER-associated degradation (ERAD). It
is also implicated in apoptosis, autophagy, and
polyglutamine diseases. Diverse functions of p97
are regulated by differential binding of adaptor
proteins. Mutations in human p97 homologue VCP
cause ALS and IBMPFD.

RNAi assays of C. elegans p97 homologs,
CDC-48.1 and CDC-48.2, have revealed that
simultaneous disruption of both genes is lethal at the
embryo stage. We have revealed the roles of C.
elegans p97 homologs in ERAD, sex determination,
spermatogenesis, chromosome condensation, and
chromosome segregation (Sasagawa et al., 2012). In
the chromosome segregation mechanism, CDC-48
controls chromosome separation through
spatiotemporal regulation of AuroraB kinase. We
have also revealed the importance of UFD-3, a
C-terminal adaptor of CDC-48, in polyglutamine
aggregate formation. In this study, we have obtained
the results indicating that the toxicity of large
aggregates is weaker than intermediate molecules
formed during the process of aggregate formation
(Murayama et al., 2015).

The fidgetin homologue (FIGL-1) in C. elegans:
Fidgetin has been identified as a causative factor of
the ‘fidget’ phenotype in mice, which is
characterized by reduced or absent semicircular
canals and small eyes. We have found that FIGL-1
specifically interacts with SUMO, which is a
posttranslational modification factor (Onitake et al.,
2012).

Besl, a BCSIL homolog in yeast: BCSIL is
involved in the assembly of complex III of the
respiratory chain in mitochondria, presumably
inserting Rieske Fe/S protein into precursors to
assemble complex III. Genetic analysis has revealed
that the N-terminal intermembrane segment of Besl
is important for its function (Sawamura et al., 2014).
Cdc48, a p97 homolog in yeast: We have found
that Cdc48 is essential for fusion of mitochondria,
and is involved in degradation of Fzol responsible
for the fusion process (Esaki & Ogura, 2012;
Miyazaki et a., 2014).

Cdc48 (p97)-20S proteasome: We have identified
several candidate substrates which are degraded by
the new proteasome, Cdc48-20S. One of them is

Sodl, superoxide dismutase, and in vitro
experiments showed degradation of Sodl by the
Cdc48-20S proteasome. Mutations in Sodl as well
as VCP, a human p97 homolog, cause ALS. It is
interesting to address the possibility that degradation
of Sod1 by the VCP-20S proteasome may somehow
relate to ALS.

4. Amyloid filaments and molecular chaperones
Binding of VCP to TDP-43 amyloid filaments:
Muscular and neuronal cells of ALS and IBMPFD
patients contain abnormal aggregates of TAR-DNA
binding protein 43 (TDP-43), an RNA-binding
nuclear protein. We have investigated the possibility
that VCP interacts with TDP-43 to modulate
aggregate formation. It has been indicated that VCP
binds to TDP-43 amyloid filaments, but not
amorphous aggregates, in the absence of ATP, and
that this interaction is not observed in the presence
of ATP.

Establishment of a C. elegans model of familial
amyloidosis polyneuropathy and its application
for drug screening: Familial amyloidosis
polyneuropathy (FAP) is caused by deposition of
transthyretin amyloids. We have developed a C.
elegans model of FAP, and started research to screen
drugs using it [collaboration with Prof. Ando of Fac.
Life Sci., Kumamoto Univ.].

Functional amyloids curli and molecular
chaperones: Bacteria on solid surface form biofilms
with self-produced extracellular substances such as
proteins, lipopolysaccharides, and nucleic acids.
Bacteria embedded in biofilms become resistant to
antibiotics and host immune responses, resulting in
persistent infections. Genetic analysis of E. coli
indicated the importance of DnaK (Hsp70) in
biofilm formation. It was found that Myricetin, a
natural flavonoid, suppresses the formation of
biofilm by inhibiting the biogenesis of curli, the
major component of the extracellular matrix
(Arita-Morioka et al., 2015). Curli are referred to as
functional amyloids. Further analysis has revealed
that 1) DnaK regulates expression of CsgA, a major
component of curli, via control of two transcription
factors, RpoS and CsgD, and 2) DnaK also regulates
translocation of CsgA through the membrane by
directly binding to CsgA (Sugmimoto et al., in
press). Bacterial multicellular behavior in biofilms
has been imaged by atmospheric scanning electron
microscopy (Sugimoto et al, 2016). We also
succeeded to monitor RNA metabolism in vitro and
in vivo by using the amyloid-binding probe
Thioflavin T (Sugimoto et al., 2015). [collaboration
with Dr. S. Sugimoto of Jikei Univ. Sch. of Med.]
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