Aqrscu/((,,e
2\ EZKFIEAN
™ 2 -
I ERRELAF

&/ Tokyo University of Agriculture and Technology

ARG IR IR EYI N\ DERTDTFD
B (FEERERTF RHAER) !

RF R TR
FantiaetabrT

/&%&Tﬁ :EU TV >




ihomNT (55%) Ll

EEE

- RIBEHEFERUZDRED/S
} SR (R, =R (SRVBEEDD

s
odiallS

s = )

B2 E LR =S THRITRTS Ii’f’f’@h&%

RIGHAEY) ZHi0 - BRIMELTFER (&
MRS, EE,“AIS/\%T&&)

=ialEERERDFER

L_-"
> & 2 o 4 L Nat. Prod,, 2014 " ,
b TR WP G e ~A7 DO 10,1021/ ap5003620 : :
Org Lett. o)'"["' -, R LD 0’ ‘rﬁ ] s g
012, 143364 ) Ly - -
P £ Formosa sp. Shewanella sp. Vibrio sp.
HED g o~ . X A‘_T/'_,_/ R =
Ny © A A
™ \'_'. \ "
'@ .g\‘-—s? Fon
Y e & INAAIR - X
- Decpan deitvech T RER Rheinheimerasp. ~ Cobetiasp.  Falsirhodobacter sp.
0 My=CHy, MeCOOCH, . L N
s A

Y|

- EEEMUES

. FINAAIFTUTI

- Bm. mEO[L
U— RS

o W
WO 'Y o
o l‘ A v Org Lent —
o ve
. i . [,I",&f';.-. 2014, 16:736
S Ol P v),r - r J\ L %00
A1) ) r~ T /\ e O
T 0O

L Not. Prod. Ve & - \.,-\I_f./--.r L

2014,77:388 O ! .y Piaricktin A1 o O O o

Focemrde T

Image borrowed from the SCSIO website %ﬁ?ﬁﬁ@i

— mmm HITK¥ZEA
Al E5E2Tx% Tokyo University of Agriculture and Technology




D@ N (8= REARNS

(Tenericutes)

“lll...lll...lll...lll...lll...lll...lll....
s *
: 4 N
¥ Bacteri l o
acteria —_
Actinobacteria  Armatimonadetes : Nomurabacteria @ @ Kaiserbacteria IEiﬂ q: ( E E L \5 y
Zixibacteria i u ® Adlarbacteria R E (G- 100N C
Cloacimonetes Chiloroflexi = ® (. llb: :.; i *
A e = — < DMATEIH 72 e
Gemmatim .WSLR% Coldiserico Firmicutes U — N
. Dictyoglomi ~ Cpia
TAO6 Theny:glogae A - Cyanobacteria YANT N »
Poribacteria Deinococcus-Therm g = 4 hi b
Lalesabact;rch: : . Giovannonibacteria pe)
. @ Woll teria v
Y S e — ME(SARBA ST
Marinimicrobia @ " ) ';;;: ena bjukms(nb._‘(rm ﬁ% q:H
Bacteroidetes ) A
Chiorobi ) Caldithrix WORI L \Td: L \
g Azambacteria .
PVC Parcubacteria K j
superphylum @ Yanafskybacteria
Planct ot @ Moranbacteria

® Magasanikbacteria

® Uhrbacteria .
©® Falkowbacteria Candidate
Phyla Radiation

Lentisp

Verrucamicrotio

Omnitrophica @

Aminicentantes Rokubacte
Acidobacterio @ ~=
Tectomicrobia, Modl.’hba i
Nitrc

= N — @ Peregrinibacteria
- J libactenia BD1-5, GNO2
® Absconditabacteria SR1
Saccharibacteria
3

(]
Y s s EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEnnmnnnmmmnns®

Delfaprotebacigrio -
(Thermodesulfobacteria)™ - =
a _ Chrysiogenetes :
Deferribacteres o S22 n
Hydrogenedentes NKB19 n b
Spirgchaetes " vacteria
R F = Wirthbacteria
Epsilonprotesbacteria n Pacebacteria
[] Beckwithh
: Dojkabacteria WS6
- CPR
" 3 . ® 1Daviesbac Microgenomates
. Katanobacteria  Curtissbacteria
Alphaproteabacteria : WWE3
Zetaproteo “
*
.. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER®

dithiobacillia
Betaproteobacteria A Ak i 3
Major lineages with isolated representative: italics
Major lineage lacking isolated representative: @
04

Gammagproteobacteria

Hug et al., Nature microbiology, 2016

— mmm HIKXEZEA

REEBIKX%¥ Tokyo University of Agriculture and Technology



FIzMmDENT (F5R)

MRSz

IL2bORL—S3 > - REIRIR

HiEDESE - #ISES

recombinant ONA
plasmea

| - BEDHEIEIC L
m:"lq! - V/\ ; -4 'J* : g |

; T S ISRATEA
: oy do\ o - fEM. RENNE
=247 - o S . »
. . "\ o6 0 %/e0 o BAZNENEL
o o , + & =
°00—5°% ° -¢—%° e © . BEICPRESN
Inroduce the gens to Apply the glectne puise, pores Aller the slectric pulse, the */( @Q ((_ BE é 5
the cel foem in the cell membirane and pores raseal ang the gene
1he gene entars.

remans in the cell

a>3a45—>3>

bSRHOS3>

Folasmid  Conjugation plius '€ Transducing phage —JZ&/W
https://www.istockphoto.com { fﬂt .ﬁ_":; ol d ‘ ‘ e mgﬁﬁﬁm Radipient st o g ‘ )
ﬂ._‘_ -
— P call —— l — el
B : !/'"\“ S ©) Tha cells contact one another . (O Transducing phage
T5 A= & _ ' injects donor DNA
- IERLE R R DM DMt S EAL e
. EETIRIFEIRE 7Y o Ogmpmtisens
3 2
et | lransduced cell t
O Thesecplandt dhedions v ) ponor DNAIs incorporated
p o C \ i an F* cell. the donor synthasies into recipient’s chromosome
] N e ot 2 by recombination
(b) F* ol  coll P
-

AN S VWSEARZIEOMEN CERD F2EATETDF

ENHE

— mmm HITK¥ZEA
Al E5E2Tx% Tokyo University of Agriculture and Technology

4



SRR (MEBEREF K(CPP) T

CPPODI4E

- BARRICHFEEZL. EEKDFOFvvUF7ELTHAEETINTLS

- fiRFREDVUELITHI—HB3WNIES N\ IBEZNTT (CHRREZSEBTES
o F(ICHEREME. HFAME. BKEICHFTESIN. TSAFvv—22FDO0OH
S|

RIFROES(FEL, Z<H407 = BUTTHD

BT DHIROEE (CHFET . NS &R0

http://crdd.osdd.net/raghava/cppsite/

Endocytotic pathways Direct translocation _________

/ \
Clathrin- Caveolae- Clathrin/Caveolae-  Macropino- invered micelie” !  Carpet Pore A
mediated mediated independent cytosis model H mode! model !
A B c D E r G |
1 1
1 1
: " i !
Dynamin Lipid-raft o | awaw awaw 3 i
\ . - o ’ H
——— = o I MWy MW ¥ i
1 4" :
§ g = !
wS# } & e g 3 i
1 1
e = | T i
}lathrin " & ¢ $ i
Caveolin - e i
\ CPP S/

Endosome Endosomal escape---======mmmmmmmmmmmeae’

Mickan et al., Current Pharmaceutical Biotechnology, 2014

— mmm HITK¥ZEA
Al E5E2Tx% Tokyo University of Agriculture and Technology

5



FhiziiDiaMT (RZEBEREF F(CPP)

(KFF)s
(RFF)s
RTRTRFLRRT
(RXX*)s
(RX)s
(RXR)
(RXRRBR),
(RFR)

MINWKLRLKNK

YGRKKRRQRRR
ROQIKIWFQNRRMKWKK
GRKKKRRQRRRYK
VLTNENPPFSD
YKKSNNPFSD
RSNNPFRAR
CMVSCAMPNPF
LMDLAD

CFFKDEL

IKFLKFLKFL
KRLKWKYKGKF
KTKCKFLKKC
IRTRCRFLRRC

10

12
12
12
12

11

11
16
13
11
10

11

10
11
10
11

Streptococcus pneumoniae phage
holing protein
HIV-1 Tat (47-57)
Antennapedia (43-58)
HIV-1 Tat (48-61)
Receptor recycling signal
EH domain affinity
EH domain affinity
Vesicle recycling signal
Receptor recycling signal
Endoplasmic reticulum
localization

® e
@@@@@@@@@

O ONONONONONONONS)

© © e ©

T : mmm HIK¥EEA

| REEIX*¥

BRQIGAERANMFIE L. WMEMZYH. B
BARE (CXT U CBILAHTE]EE

7

Y5 EDMEFEIC Uh
IR TTER0)

@ Liam Good et al, Nature, 2001, @ Magdalena Eriksson et al, The
Journal of Biological Chemistry, 2002, @ Ravi R. Patel et al, Frontiers in
Microbiology, 2017, @ Lucas D. Tilley et al, Antimicrobial Agents and
Chemotherapy, 2006, ® Brett L. Mellbye et al, Antimicrobial Agents and
Chemotherapy, 2009, ® Mostafa F. N. Abushahba et al, Scientific
Report, 2016, (7 Shan Goh et al, BMS Microbiology, 2015, ® Gunaratna
Kuttuva Rajarao et al, FEMS Microbiology Letters, 2002, @ Martti Vaara
et al, Antimicrobial Agents and Chemotherapy, 1996.

Tokyo University of Agriculture and Technology



FhIZTDFRIT (5

ETSAPPLIED
BIO MATERIALS

www.acsabm.org

Critical Side Chain Effects of Cell-Penetrati
Transporting Oligo Peptide Nucleic Acids ir
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ABSTRACT: Of varous methods for delivering functional
molecules into cells, a chemical approach using cell-penetrating
peptides (CPPs) i facile and highly efficient. Currently, however,
there are few examples of CPPs highly efficient with bacteria in
contrast to CPPs targeting animal cells, and thus our understanding
of the structural effects of these bacteria-efficient CPPs, termed as
BCPPs, on permeation efficiency is limited. Herein, we report a
comprehensive Investigation on the permeation efficiencies of
cationic short peptides through bacterial cell membranes. We
observed that elongating the length of the main chain increased
permeation efficiency. More interestingly, the length of the peptide
side chain crtically affected permeation efficiency; shortening the
side chain significantly enhanced efficiency. Among the BCPPs
investigated, 2,3-diaminopropionic acid nonamer showed the highest permeation ¢
allowing the transport of oligo peptide nudeic acids and subsequent growth inh
molecular design of efficient BCPPs for manipulating bacterial growth,

KEYWORDS: bacteria, Escherichia coli, cell-penetrating peptides, growth inhibition, n
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Name Sequence

(KFF)3 H-KFFKFFKFF-K*-NH,

K3 H-KKK-K*-NH,

K6 H-KKKKKK-K*-NH,

K9 H-KKKKKKKKK-K*-NH,
K12 H-KKKKKKKKKKKK-K*-NH,
R3 H-RRR-K*-NH,

R6 H-RRRRRR-K*-NH,

R9 H-RRRRRRRRR-K*-NH,

R12 H-RRRRRRRRRRRR-K*-NH,
eK9 H-:KeKeKeKeK eKEK eKEK -K*-NH,, ¢
orn9 H-Orng-K*-NH,

Dab9 H-Dabg-K*-NH,

Dap9 H-Dapgy-K*-NH,

1. Inoue, Mori, Muraoka et al., Applied Bio Materials, 2021
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Name Sequence Permeability (%0)
(KFF)3  H-KFFKFFKFF-K*-NH, 48
K3 H-KKK-K*-NH, 0.1
K6 H-KKKKKK-K*-NH, 0.7
K9 H-KKKKKKKKK-K*-NH, 40
K12 H-KKKKKKKKKKKK-K*-NH, 84
R3 H-RRR-K*-NH, 0.2
R6 H-RRRRRR-K*-NH, 58
R9 H-RRRRRRRRR-K*-NH, 68
R12 H-RRRRRRRRRRRR-K*-NH, 78
¢K9 H-sKeKeKeEK eK EK e K EK -K*-NH, ¢ 75
- Orn9 H-Orng-K*-NH, >99
Dab3 H-Dabg-K*-NH, >99 1. Inoue, Mori, Muraoka et al., Applied
l—- Dap9 H-Dapy-K*-NH, >09 Bio Materials, 2021
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Bacterial Strains

Permeability (%0)
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(KFF)3 Dab9 Dap9
E. coli 48 >99 >909
E. hormaechei <5 >99 81
P. hauseri <5 74 55
S. grimesii <5 >99 76
T. guamensis <5 >99 93
Y. bercovieri XX >99 >99
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1. Inoue, Mori, Muraoka et al., Applied Bio Materials, 2021
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