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OOOO0O0O0O000 Interactions between nano-sized acicular materials and bacterial
cells and industrial aprication
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0000000000 When a colloidal solution consisting of nano-sized acicular

materials and bacterial cells is stimulated with sliding friction, at the interface of
the hydrogel, the nano-sized acicular material and bacterial cells form a chestnut-bur
shaped complex. When the sliding friction force becomes a driving force, the chestnut-bur
shaped complex grows and penetrates the bacteria to form a penetration-intermediate. This
phenomenon, with the formation of a penetration-intermediate, is known as the “ Yoshida
effect”. This research demonstrated the Yoshida effect was utilized for quantitative
detection method of asbestos and the occurrence of the Yoshida effect may be a driven
force for prokaryote evolution during providing seismic stimulation.

googo
gooooood
goof oogn o 0O
2008 0 O 1,000,000 300,000 1,300,000
20090 O 1,200,000 360,000 1,560,000
20100 01 900,000 270,000 1,170,000
g
0o
g d 3,100,000 930,000 4,030,000
goooogon

gbooboobooboboobooboobon
gboobobboboobuoobobbooboobooboboobooboobon

gbooobobooonDg gobbooooboboooobbooooon
gooobooooooooboboboooo gooobobooo-ocobbooooooboo
oboooobooobooboobooobooon oboobooboboobobooobooon
obooboobobooboobooon ob0ooboobobooobooobooon
gobbooooboboooobbooooobn goooboobo

gboboooboboboboobooobon




goooogon
gobobooboobgoobgoooog
gbooboobobooooboooon
gboobobobobooboooboon
goooboboboboobooobon

gpoogoogo
o1i0oooooooooooooon
gboobobobooboobg oo

O00o00Oo0000o0oooooooooo
O00@moooooooooooooog
O00o0o00o0o0oooooooooooao
oo0ooooooooooooomoog
O0oo0oooooomoooooo@
00oO)ooooooooooooood
oo0oooOoo0moooooooooog
oodo0.0lymDO0OD0ODOODOODODOO
0010 mg/mlO0CO0OOOOOOOOOO
O0000000DDO0O000OEYLA cute mixer
CM-10000 DO OO 1500 rpmO OO0 DO ODOO
O0O00DOOoDbOoDoDz200rpmO0O00000O
O00o0o0o0o0o0ooooooooooooo
goo40mlO0000000O0ODOOOOO
0000000 1500 rpmO00000D0OO0O
O0O00DOOoDbOoDoz00rmpmO00D0000O
O00o00000o0obOoOO0o0ooOoonoooo
O00Oo00Oo0oO0o0bOoo0o0oooooboooo
O00o0bOo000o00oobOobooooooo
40-50 pg/mlO OO0
oo00oo0O-0000000000 LB O
0000 Escherichia coli IN109 0 0 OO
00d18-240 00300 0000000000
gOoOoOooopss00 0000 2.0-3.0000
oo0oopoogoogsooulOOOOODOOO
8000 x g0 20000000DODOOOODOO
0000oooooooooooooooag
00000 475 uldpUC18 DNA 0.5 ng04M
NaClO 25pl0000000000O00O0OO0
o00o-0000ooooooad
oooooog gooooooooo
00 01028-800 000 BBOOODOOOOO
o0ooooooossononoooooonono
000000000001 kgf/em’ 00000
00000000oooooooooooao
0050 /mO0O0COOOOOOOOO
O00o00oo000oooooooooooo
00

oooooo ooooooooon
00o0o00O0000oooooooooo
000000 o000000oobooooOogweO
oo0oooOo0oooooo-ooooooog
SopeddoOOnoOOonoOoOoDoOonoond
00o0o0o0Oo0000oooooooooo
0000000000000 86.15669.0050 O
O000o0o00oooOooooooooooo
O0000o0ooooooooooooooo
O0o00ooOo0ooooooooaoBoooo

odooooooooo—o0oooogooo
o0oooDoooooooooooooo
000000000000 cuf (colony forming
D0 0000000
o0oooDoooooooooooogo
oood oooooooooon
0 0 30mesh O O O O aperture 500 pl0 O O
oooosoopmOO00O000OO0OOOO
000000 eoOOO 1800000000
0000000000 smgmlOOOOOO
Oo0oopoooooi210015000000
O0o0DO00ooooooooodgnoOO
0000000.05-5mg/ml 00000000
O03mlO0OO00000OO0OOOOOO0
0do0DoOo0oooooooooooogag
0000000000000 0EYLA cute
mixer CM-10000 O 1500rpmO 100000
oooz000rpmd 200000000000
0300000000000000Millipore
nylon net filters NY30) O O OO OO OO0
0do0oo0Oo000BOOOOOO 3000
2200000000000 Escherichia coli
JM1090 0000 5000 100000000
9g000g 3000 IOODOOODOODODO
00o00D0O000oooooooDooooodg
000 475p 1000000 DNAG(PUC18)
0.02 pg4M NaCl solution 25 1 OO0 O O O
O0oo00oOoDoOooooooooooodg
-00000oo0ooooo
O00-0000000 sopl0O200000
00000 s0pg/mlO0000000O00O0O
LBOODODOOODOOOOe0ODOOOOODOO
ooodooBOO0DOoOoOooDOoOooooon
O0—-[0O00000ooooooooooood
00oo0DoDOoooooooooooooo
0000000000 cuf (colony forming uniHd
ooooogo

oz2000o00oo0ooooocooooan
(]

ooooooooon oooood
O000004d Pseudomonas sp.0 Bacillus
subtilisISW1214 000000000000
000000 pHSG298, pHY300PLK O O OO
Pseudomonas sp.0 00000000000
000000o0ooooDoooDpooooog
000000000000 ooooog
000O0D0O0o0O0ooDooooDooooodg
0000000000 pHse2980 00000 0O
00oO0DoOdooooooooooon
Bacillus subtilisO 0000000000
00o0O0DOO00ooooooooooooo
0000000000000 pHY300PLKO O
00o0O0D0ooo0oooDOooDooooodg
000 OPHSG298 0 pHY300PLK O OO OO O
oooooood



oooooo ooooooog
0000 Pseudomonas sp.0 Bacillus
subtilis 1SW1214lB0O LBO O OOOOODO
Oo0oOos300 18s0o0o0ooooooon
ooooo
O0o0oDooooOoooooooon
ooooooooooecOCOOOOOO
Oo0o00oooooooooooooood
O00O00ooooOooooooon 1000060
O0000oooOoooooooooooon 50
po/mO00O00000O0D0OOCOO0O0
O0oooooooooooooooood
Ooo0oooooooooooooooon
00 20-50 nmOOOO 1-2um0O 00O OO
oooooooooooog
BOOOODOOOOOOOO 0.1-1.50
Ow/nvOO0OOO0OO0O0OO0O1210020000

gbooobobboobooseoboooboobd

oooobooOosomg/mlOO00COD0ODOOO
OO0 1mg/miOO0OO000O0OOOMOTO 9¢m
gboobobobobooboobooboo
gboooboboooboobon
gooooon goooogon
O500p 10000000 50-400ng0 OO
LBOO0OO00O0ODOOO0OObOOObDOonOn
000000000002x10/ml00000
gooobobooboobo-opobon
gbooobobiboobooobooobon
gboooboboooboobob 2s000n
gsobogoooooboobob-oo0on
googsou l00Ooooboooooboono
goooboobobooobooboo-o
gobooboboboobooboobooboo
oboobooboboobooobooon
52-133gal D0 0000 600D O0ODOODOO
ls5emO 00000000 O0ODOO0ODOODO
gbooboboobooboboosogn
BOooDOooDoooooooboooboboo
goboobobobobooboobooboo
gbogbooboboobuoobobob
gpoooboooo4amiOD 82mg OO OO
oooooooo

oooooon
nioooooooooooooood

gobbooooboboooobbooooobn
oobooooon gooood
oobooo0oobobooooboooobon
obooboobboobobooobooon
oobboo0oobboooobooooon
oboobooobooboobobooboon
obooboobboobobobooboon
0000200 mM NaClOOOOOOOOO
oobboo0ooboooooboooobo
0000 pUC18000O0O0O0OODDODOO
gobbo0o0oobbooooboooobo

00000000 pUCI80DOO0D0OOON
0000000000000 00D0O00o
0J0000000o0oooooooooooo
0O pUCISO0ODOO0DODOOODOOOODN
ooooog
0o0o0oo000000000000000
0000000000000 00DOooo
oooog
00000000000000 400000
080000000D0O00D 100000
000000000000000oooooo
0800000000000 DO0O0O0OOO
D0000000000000000000
D0000000000000000000
00000000000000000000
0000000000000 000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000000 00000o0
00000000000 0000000000
0000000000000 000000
00000000000000000000
0000000000000 000000
000000000000 00000000
0000000000000 000000
00000000000 00O00o0ao
MgsSis010(OH): 000000000000
00000000000000000000
00000000000000000000
00000000000000000000
000000000000 0000000
00000000O00o000000O0ooo
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
000000000 000000000o0o
00000000000 00O00oo0ao
002-005um 00 0000000000000
0000000000000 000000
000000000 000000000oo
000000 MOODOD0ODODO0O0O0O0O0O
00000000000000000000
0000000000000 000000
00000000000o0o000o0oOoooo
0000000000000 00000o
0000000000000 00000o
0000000o0o0oooooooooooo
0000000000000 000000
0000000000000 000000
0000000000000 000000
0000000000000 000000
0000000000000 00000o
0000o00o000o0o000000oooo
000000o000oooooooooooo
000000o0oo0oo0ooo0oooooooo



00D000000000000000D0O00d
O0000000000000O00000
O0000000000000O00000
ODoogo
00000000 00000O00OO0OO
ooo OD0O0O00OD0OoOooOoO
0000000000000 D0O0O0DDOd
0000000000 D0000000D0O00
000000000 00000O00O0O00
00000000D00000D0000D0O00
00000000D00000D000D0DO0
000000000000 0D0000D0O0
0000000000 D0000D0O0ODO0
O0o0O0oooood

00000000000 D0OOOOoDO
41.7ng~1000ng/ml 000 00O OODODOO
O0000000000000O000O00
O00000YODOOOODODOOODOO
0000000000 D000xO000000
0000000000 D0000D000000
00 Y=0.5846x+49.330 00000000
pUCI8DNADODODODOD 41.7ng/ml0000
O0D0D0O0DNAODODDODOD 41.7 ng/ml 0
O0000000000000O00000
O0000000000000000000
O0o00O00oo0oo0
0000000000000 0O00000
oooo 0000000 o0O0oo
0000000000000 D00000OO
000000000000 000000000n
0000000000000 0O00000
0000000000000 0O00000
O0000000000000000000
0000000000000 D000000O0
0000000000 000D00000OO
0000000000000 O0O00OO0On
00000000000 D0000O00DOO
0000000000 D0000DOOo

00 1g000000000 0.15-15mg O
D00000D000D00000D0000DO
0000000000000 0O00O0On
D0D0000D0000000D000DOO
00000000000 000D0D0O00O00g
O0000000000D000O00000
O0000000000D000O00000
0000000000000 D0000D000
0000000000000 000000
00D0000D0000000D0000000
00000000000D000O00000
0000000000000 DO000 vy
(cfulplate)0 0000000000 x (mg/g
oDooog
y=33.746x+14.338 010
0000000000 D0000D000000d
0000000000 D0000000000
O0O0015000000000000000
OD10000 400000000000 1g

000 40 mg00O000O000O00OOO
00000000000000000000
OD0O0gO100pg0 00000000000
0000O0000000000
D00000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
D0000000000000D00000
0D0000000000000000000
0D0000000000000D00000
0D0000000000000D00000
00000000000000
D00000000000000000
00000000000000000000
0D0000000000000000000
x000OOOOoDO0OoO0O0ooO0oooooao
0D0000000000000D00000
00000000000000000000
00000000000000000000
00000000000000000000
0D0000000000000D00000
00000000000000000000
0D000000000000000000
0D000000000000000000
0D00DMO000000000000000
00000000000000000000
0000000000000000000O0
000000000 100pg/00 900000
00000000000000

b220000000000000O00000
O

goooooooooooooooonoo
od gooooooonoood
gooooooooooobooooobooooo
goooooooooooooooooo
0000Db0o0bOoooOoooooOooon
0o000bO0oooOoooobooooooo
0000bO0o0bO0oooOoooooooon
000000oooOoooonoooonoooo
0000bO0o0bOOoooOoooooooon
000000oooOoooonooooooo
0000DO0oo0bOoooDoooOoooOon
0000bOO0oooOooooboooooo
0000bO0o0bOoooOoooooooaon
0 O O O Pseudomonas elodeall 0 0 0000
00000O00ooOO0o0ooooooooon
00000O0oooOoooooooOoooon
d00O0000oooobooooooooon
000000 -0000o0ooboooan
00000O0o0bO0o0oo0obOoooboooan
00000mOoooooooboooan
00000O00o0oOoboOo0oboooboooon
d00o00ooooOobOooboooooog



O0o0oboobobOooboooooooon
000000000 0.03ecm*O0O OO0
2.6lg0cm*0000000000OOOO0O
o0oobooboboooboobooog
OO o0.02000.010000000D00O0O0O
O0oobooboboooboobooo
00oobOoboboboooboobooo
O0o0obOooobooboooooooon
O0o0obOooobooboooooooon
O000obOOoooooooog
Pseudomonas sp.0 0000000000
O0o0oboobOoboooooooooon
O000obOooooooooon
Pesudomonas sp.0 00000 pHSG298 O O
O00ooooobooooooooooon
O000D00O0MPHSG298 0 O OO DO OO O DNA
O0o0obooboboooboobooo
00oobOoobooooboobgooo
O000bOo0oboOoboO0galDOODODOO
0000obOoobobooooooog
Pseudomonas sp.0 00000000000
O0oobooboooooboobooo
00O Pseudomonas sp.0 000000000
O0oobooboooooboobooog
O0ooooooboooooooooon
O0o0obOOoboboooooboobooo
O0o0obOoobobOooboooooooon
00ooboboboooooboobooo
00ooboboboooooboobooo
O0000OOooDoOOoooobooboooo
oogd
oo0o0ooooooooooooooo
O000bOOoDobOOooooooooooon
000 pHY300PLKO O OOOOOOODOOO
O0o00obOOoobOOooooooooooon
O0o00bOooDbOOooooooooooon
000000000000 DOO0O0O0Odug/ml
O0o00bOOoDoOOoooobooobooo
O0o00DOOmgOmMIOODO0ODOODODOOO
O0O00O0OpHY300PLKO OO DOODO DNADCI O
O0o00bOOooDbOOooooooooooon
O000O00000DoDoObOooOoOooooon
O00000D0galOO0O0ODOOODODOO
00000O0oDbOOobOOoOoboobooo
0000000 DOO0oO0obOOoDoOooooon
00000O0DoOOoDOOoOobOoobooo
00000000 DbOO000O0oDoOooOoon
00000O0oDoOOobOOoobooboog
00000O0oDoOOobOOoobooboog
0000bOO0oDbOOoDOoOobOooooooon
0000bOO0ODbOOoDOoO0obOoobOooon
00o00bOO0oDoOobooobOoobooo
0000000 bOOoDoOobooooa
O0Do0bOOoooooag ooo
00 1.0a0 000000 LBBOOODOOO
00o00bOOoDoOOoDOo0obOoooooon
00o00bOOoDoOoooobooboog

oboobooboboooboboobooon
obooboobooobooboboboobooon
obooboobobooobooboooo
ooooboboboboooboobooo
o0o0obOooboboooboobon
0,30 ~1.5000000000b0Oo0oboo
ob0ooboobobooobooobooon
goobooooboobboooooooo
obooobooboooboboooboooo
goooboobooboobooboboo
gbooobobobobooboobobo
gbooboboobobooboooboon
1.0~-1.5%000000000000000
0000000o0o°00000000000
googobD 1.0=-15%0000000000
UbooboobOoboobOobn o0.3wdD
gboobobobobooboobooboo
googoogo

gooobooooooogobobooboooo
gbogbooobooboobooboon
gbooboooboobooboobooon
gobooooooboooobobooooon
gbooboobooobooboobooon
gboobooboboobooobooon
gobboooobobooobbooooobo
gobboooobobooobbooooon
gobboooobobooobbooooon
googoogn

goooboooobg
obooboooboobooboooboon
gpogn

ooooomosgn

O Yoshida, N and lIde, K. Plasmid DNA is
released from nanosized acicular material
surface by low molecular weight
oligonucleotides: exogenous plasmid
acquisition mechanism for penetration
intermediates based on the Yoshida effect.
Appl. Microbiol. Biotechnol., 80, 813-821
(2008)

O Yoshida, N., and Fujiura, N. Earthquake
promote bacterial genetic exchange in
serpentinite crevices. Astrobiology, 9,
289-295 (2009).

O Yoshida, N. and Sato, M. Plasmid uptake
by bacteria: a comparison of the methods
and efficiencies. Appl. Microbiol.
Biotechnol. 83, 791-798 (2009).

googomgsod
gobooboobobobooboobooboo
goooobogooobg

googogoooboooobon



geoboobopDoOobog DOoOoobOoo
goooogno 20080 80 270

gbooboobobobooboobooboo
g

googogoo 0O
20000000000 boobo
2008 0 110 25—~290

gbogobobobobooboobooboo
googo
gbooobobooobobooboobon
googo

gelpuoobopboobog Dboooboo
gooogog 20090 90 230

gbogobobobobooboobooboo

gboooboboboboobdg

googo

250000000000 Dbooobgo
gbooogno 20090 110 230000000

goboobobobobooboobooboo
god

googo

U e200000000000DO0O0O0ODO
gobooogoobooobobooooon
gboogo 20100 100 2700000 OO

OoOomo10d0d

Yoshida, N.

Number of plasmids transported into
Escherichia coli through the Yoshida
effect and predicted structure of the
penetration-intermediate. In: Asbestos:
Risks, Environment and Impact (Antonio
Soto and Gael Salazar ed.) p.37-55

Nova Science publishers, Hauppauge NY.
(2009).

gpoooogo
oDbOOOO110O0O

gboobooboobon
goooooboog goooo oooboo o
god

gboooooboooboonbo bDooboob
0 O0oboobooobd

gooogo

00000 2010-178634

ob0ooboob 210020000020 30
ooooooon

oDOOODLOODDOO

ood
opogon

gpogon
ood
oogd
ooooog
ooooog

ooooo
ooooooo
http://ww6.ocn.ne. jp/~paxmicro/
ogooogao
(HDOoooo
00O [O0O0O0OYOSHIDA NAQTOO
goobooobooooon
0000 D0 O50284823

(00000

goooog

(HOO00oo

goooog



