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Enterococcus spp., Escherichia coli, Yersinia enterocolitica, Salmonella spp.,

Campylobacterspp.
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1 1
Species Type of Antibiotic Resistance
[Critical*

Acinetobacter baumannii
Pseudomonas aeruginosa

Enterobacteriaceae’

High

Carbapenem resistant

Carbapenem resistant

Carbapenem resistant
Third-generation cephalosporin resistant

Enterococcus faecium
Staphylococcus aureus

Helicobacter pylori
Campylobacter
Salmonella spp

Neisseria gonorrhoeae

Medium

Vancomycin resistant
Methicillin resistant
Vancomycin intermediate and resistant
Clarithromycin resistant
Fluoroquinolone resistant
Fluoroquinolone resistant
Fluoroquinolone resistant

Third-generation cephalosporin resistant

Streptococcus pneumoniae
Haemophilus influenzae
Shigella spp

Penicillin nonsusceptible
Ampicillin resistant
Fluoroquinolone resistant

*Mycobacteria (including Mycobacterium tuberculosis) was not subjected to review for inclusion in this
prioritization exercise as it is already a globally established priority for which innovative new treatments are

urgently needed.

TEnterobacteriaceae include: Klebsiella pneumonia, Escherichia coli, Enterobacter spp, Serratia spp,

Proteus spp, Providencia spp, and Morganella spp.
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:31(3 mpom Rawv)NR N 172 MYRID K2 MYR MITNAAT 2 PTONT MWD IR

Staphylococcus, Micrococcus, Corynebacterium, Brevibacteria, Propionibacterium, and
Acinetobacter. Streptococcus aureus, Streptococcus pyogenes, Escherichia coli,

Pseudomonas aeruginosa.
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AW WRD ,NPYALT N9 DU D3PI NXIAP ROT 21N DN NXIAP 0D ORI MW MINOWAT 1A

.P. aeruginosa, *2°>wn 077 nXapn TR P8I P

SPTM DWW MILIRT 2IPAY RN 7INWA NARDT P01IR RO NYALT 7908 YW 2P T0N0 NP0
IR AXD IR L,IN0IDAYT LMD, NPXAINT DAY ,MYIPAT T DY WA YT 290 mind i
799-1927 YW "D 2PTON P 73,7V 023 DY DPTOMN 3T IR NNONM 1I0°7T NOIYA LTI P91
3992 TX» 701 P70 K17 Staphylococcus epidermidis 3 mvawn mxa? 1nmw v05 23 1wS oomhn
771792 Y191 P71 N1 NN ,NRT OX NIV 79977 NXIAP DR IOW PN AX1N) 1109V Qa0

““accidental pathogen” 12 Xp% M1 4NN y¥o2 13109 PTORD 3 QYD XY AT PTURA N0V

30 qwn 2w nwavn NYoN TN v nY7sn An'wl:3 n'Yao

S. epidermidis

S. hominis

S. capitis

S. saccharolyticus
S. saprophyticus
M. crococceus luteus
Corynebacterium xerosis
C. minutissimum

C. jeikeium

P. acnes

P. granulosum

P. avidum
Brevibacterium spp.
Dermabacter spp.
Acinetobacter spp.
Pityrosporum spp.

Upper trunk

Glaborous skin

Head

Forehead/antecubital

Perineum

Forearm

Axilla, conjuctiva

Intertriginous (e.g., axilla)
Intertriginous (e.g., axilla)
Sebaceous gland, forehead
Sebaceous gland, forehead, axilla
Axilla

Axilla, toe webs

Forearm

Dry area

Uppermost part of sebaceous gland follicle

Abbreviations: S. epidermidis, Staphylococcus epidermidis; S. hominis, Staphylococcus
hominis; S. capitis, Staphylococcus capitis; S. saccharolyticus, Staphylococcus saccharolyti-
cus; S. Saprophyticus, Staphylococcus saprophyticus; C. minutissimum, Corynebacterium
minutissimum; C. jeikeium, Corynebacterium jeikeium; P. acnes, Propionibacterium acnes;
P. granulosum, Propionibacterium granulosum; P. avidum, Propionibacterium avidum.

PEF- 7xo0por 1.7

1IP°1 72 NIXY) Q°RNT A3 MR rwh nnx PEF-pulse electric field |, moxmomvphra now
250 °19% 723 517 07hnwn MTwa Wpnnaw mn 33aman Hnwn 77wh Xnn w aoownn 'Y (20vp
NPWYN W 2NN MAwYR PENI0M0RYRT DY LONNRT 2NV NYanRa pa onn ma vweewn Amw
5731 7217 @n00n oo Tny opTn ay MTTNmA TR Y v 2197 ke apouoxnis i
1980-1999 1w 12 55) MW MPPLIP2LIR THI07 12w NPT NI IP°01VIR? D770y 0011 YW
WX YA PSR AWTA WO NWTINR AWR DWATI 12 230 X7 32(2000-2014 21w pa 13 p
Jn nnR A a2 PEF-n

Om°%Y M0 NPYOM QU0 09013 PV YODWAW 7w NXY RIT DAWAT 7Y T2W 1D DY 0prnI v

TN (Swnh 0o 1MD) 219772 N NPPON-DOIY QP PO WM 73721R17 NN TN 1YW Mapya
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TRENDS in Biotechnology

NPT 1102070 2V MY onwn 7w 1o awn 1.7.1

TTI0PYRAN DOV MW DONWYT DO0PIRT L 6 9501 IR DATIN YNWw 7avn D v0°020 DT
HNWNT INNT— MTNUPIRT 172 NOYROXIVIDT WIDT 070 DY DYIPIW NI NN TN0PYRY n0hwn
MR ARYIND 7T 1 12 MR TR 900Whn a7wn 1 (09N YW M7 1701 onwnn nnnd)
702 2WINN T NRXIWY MTINVRYRT 2 1P YOWIT 11910 VT Onwna 77w 0w TN v pophn
MTMVPORT P2 O9ROLIVID WIDIT AR RANT? I2 ,MTIN0PIRT 1°2 pRan P20 29R0RI0I0;T w9 Yw
X7 701 1w .500VmMm™ yxna man aTwn DR A" 2 RIT MTN0RYRa 172 pronm 1000 Vo
MDPWIT TTWI DR DAY ,WRI0AR MYYARI D77 UK NN Hnwna o1n DR, |- onwnn oo
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Concentic electrode
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(Concentric single electrode) n>vxnpn amnopora 1.7.2
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(Pulse generator system) o091 Y90 1.7.3
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72vma maw IGBT o002 %y 9nn sawm BT X830 (Harvard Apparatus Inc, Holliston MA, USA)
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Bebipivatat

2o 9y armaw (1) oara npxw

Pico-Scope 4224 Oscilloscope with a Pico Current Clamp (60A AC/DC,20 A mode)
.Pico Software (Pico technologies Inc., UK) 7> %y 712y 7230

:4 30% AIRMWR V7YY NN TN nypwnn (J) nPH730 IYRIR
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O-antigen

Core
saccharide

Outer
meambrane

Peplidoglycan
Periplasm

Cell
membrane

Cytoplasm Gram-negative Boget”

0PN NYVPR PRI WY 1.8

P0P2VIR OP R WIw AWyl 11°MT1ava

Penicillin-Streptomycin-Nystatin (Penicillin G Sodium Salt: 10,000 units/mL
Streptomycin Sulfate: 10 mg/mL, Nystatin: 1,250 units/mL) provided by Biological
industry Israel.
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In vitro-2 1071 3.1

ORI 17N ven nion 3.1.1
VXN NN

ELS-71 219 112°72 1°99RNNT T YX1 1907 7123 7NN 10017 DR Y¥aY N Dy

ELS-Electoporation Low Salt media
(7" 150 5w 1191 M) P27 RIT YENT NI AN

AP0 P1AP2T TN R .OTHYD PRI M 2" 150 92011 ,5" 250 5w nva1at p1apa ina

ELS yxnin 7w 7"n 150 ni>n'7 n'varon: (4 n'7ao0

Nutrient(Company) Amount
NaCl (Merck) 0.015gr
Bacto-tryptone (ACE MEDIA) 1.5¢gr
Yeast extract (BD-extract of autolyzed yeast) 0.75¢gr
Agar (Bacteriological agar-ACE MEDIA) 2.25¢r
Glucose (D(+) GLUCOSE-Sigma-Aldrich) 0.075 gr
HEPES buffer (Sodium salt HEPES buffer-Sigma- 3.58 gr

Aldrich)
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PicoScope MyxnXa “Honwns o NI 3.1.2.2
w01 YW a7 Pwon 1on PicoTechnology nnan >w PicoScope 3000 Series i1 2 won

NPORI3 XN X X7 PicoScope6 Software 712107 Ny Rn %R 9w 29 ona Moavna
299977 107271 AWPWH N2 NN .00 2D IXPW 00 W
(14 9po% 913R) NAwWMNAT 7121NM 91P0R 7 ,Pico Current Clamp (60A AC/DC,20 A)
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© PicoScope Technology
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Taguchi 271 0121 BTX 2107 710713 07192 Wnow 3.1.2.3
:BTX 830 (Harvard Apparatus Inc, Holliston MA, USA) 3107 7113 0219

i (1) .wnnwnn o'y Dyapw o™nR1T 2°0nI0 40"y 29071 Hnnn (15 950% R) "NTavn 1won
D™MLAIDT AYAIR YW 0P R NYap 0"y .00RI9 172 oRMerK (4) ,0°0919: 7901 (3) ,09197 TIX (2)

.22pnna 071977 DRI NTIX 2OYapl
BTX 830 aion n'o719n 7721nn:15 X

© Harvard Apparatus Inc,
Holliston MA, USA
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Excel(Office365,Microsoft)

wI7wI 077210 0010190 Nayn:5 N710
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Paramiter

Value

(A)Voltage

(1)1700V

(2)1725V

D"0n19 4 12y Taguchi L9 o701 nadin:4 n'720

(3)1750V

(B) Pulse length

(2)40 us

(2)50 us

(3)60(us

(C)Pulse interval

(2)450 ms

(2)400 ms

(3)450 ms

naT32
Experimental trial Process parameters

A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

(D)Pulse numbers

(1)100

(2)150

(3)200

107 TVIIX DDA WIDW

IGBT- (insulated-gate bipolar transistor)

3.1.24

7"7 7729n7 0730 070 9v IGBT Mon 000719 991 772912 N0 L, NT7avna °wond Py aavh 2apna

D°1INI7 DR PO0Y 9270 T2 119N PXND0RIRT MW IT? 2ORNAY AXWW WO .23p27 uinhp

7aw M7>7m 5-100 ps Hw 0910 71 ,0-160A 5w *onwn o1 ,0-1000V ninn :0°x27 anbnsopnn
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0°™0°177 7Y .DPTAIT DONMWVPET W W 170w awH M NWRIT PN BINY N0 70 Y

.6 "D TPata AN INY

IGBT a10n n'o719n 7721nn 7w 110112 n'honN19:5 N'7a0

Pulse Pulse length
\Y numbers  (USec) Hz
1 1000V 100 200 2
2 1000V 100 250 2
3 1000V 100 300 2
4 1000V 150 200 2
5 1000V 150 250 2
6 1000V 150 300 2
7 1000V 200 200 2
8 1000V 200 250 2
9 1000V 200 300 2
10 1000V 100 200 3
11 1000V 150 250 3
12 1000V 200 300 3
13 1000V 200 300 1
14 1000V 200 300 4

OP°01°2°VIN NO0YT QY TPKWWDNDP]?N.‘( nww Sv 1w 3.1.3
1m2% nan Sy Staphylococcus epidermidis RP62A 1 P aeruginosa PAOL o°p7>mi 1ma1 a7 10712

D°219°07 PR N2APWHW M0°17 NI TAXW ARUYVIRT AW TTW P2 NWOAII0 72D YW NIona
: MPPUTLIRT W 0P NWHRNWI T M0°1 AP eI PEF Hw

Penicillin-Streptomycin-Nystatin

Penicillin (Penicillin G Sodium Salt: 10,000 units/mL); Streptomycin (Streptomycin Sulfate:

10 mg/mL); Nystatin (1,250 units/mL)- (Biological Industries 03-032-1C, Israel)
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27 |57 779ABA AXIAW DI TRUILIRT YW YA AW 11937 0P 0°02 By

Penicillin-Streptomycin-Nystatin nj7'01'2'0IXN 07'n 71NN 6 N720

Pen G-5000 units/mL, Strep-5 mg/mL, Nys-625 Dilution 1
units/mL
Pen G-2000 units/mL, Strep-2 mg/mL, Nys-250 Dilution 2
units/mL
Pen G-1000 units/mL, Strep-1 mg/mL, Nys-125 Dilution 3
units/mL
Pen G-666.7 units/mL, Strep-0.67 mg/mL, Nys-83.3 Dilution 4
units/mL
Pen G-500 units/mL, Strep-0.5 mg/mL, Nys-62.5 Dilution 5
units/mL

5V .16 75072 TR IWINAY 903 ,2ON0Y 6 ITINUPYRT 070 DY ¥R ,20P TN MNP DR NRY
MIIPAW T2 OPRA 10 WV 6 71NN WPV TR0YVIRT No N 2UL Sw 90 annn ovva
2’77 NA9Y 902 M0

1973 DPTONAW IR 002 NAYNT YR

WD SLINTPNPR TIWD AWIT QYW 21DV T - ARUIVIR P N7 472 NN 3
Hawn

(OP°R2 MINIDNT NIPIRAT) APPLYLIR OV TN OONWN AT 2w D0 777 052 N2 3
:0"Y RN aTWa P 77 219007 72 NTI91 Ny
1750 V, 200 Pulses, 60 ps Pulse length, 350 ms Pulse Interval

U9 NN7X¥2 NZ'0I'2'0IXN 101 7WwnN: 16 X

PEF + Ant

X

PEF + Ant

X

PEF + Ant

X
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Imaging -0°1n37 Nk 3.1.4
Binocular Leica M420 narva , 77912 7218 nnben S NoIR2 93 mvw 18 qwn? 7PX21p0R R

;732307 NATYA 5.6 09 Hw 19T7a02

uEye Cockpit(IDS Imaging Development Systems GmbH, Germany).
0°01°7177 1771 172 Imaged (National Institutes of Health (NIH),USA) 712107 1avi7 oom2°xn
T2IP7 172397 270702 177w ,0°77AT .212°V2 0°N0N 12 MNXON DAUnT PR N1 ATIN0PYR 1901
271 5w 57 0% 71 2% 70 Py vap1 oni) 90 pixels - 0.2 mm o 097 7 112y o 12 Excel

(197 o7 ¥X DN

"WOLD MmN 3.1.5
7101077 2"V NP Yo M Excel y21p2 19081 201037 'RNRY 0P uRkn BTX-1 wan oy 10010 May

TXIAMPI NY*aPY Rating - 77912 qwnn 93 Sw avownn N7 ny aph Minitabl7 (Minitab, Inc)

OO

(IGBT "10°1 M2y

T-test ,one tail(a<0.05) *aman >"y n°vo°wYD MM Excel yaipa 100Kl o°1n17

AP 2 wIRY PEF m0°1 M2y

T-test ,one tail(a<0.05) *aman >"y n°vo°vYD M Excel yaipa 10oR1 o°1n17

Ex vivo -20%1 3.2

p7on 1A 3.2.1
TXPIR 021977 W NADET DX LW DD 23 DY AN YEAN RIDPT PV 2770 DR W1 19°00

W N2AWIN 9071 WA NV 01,1973 DRI MR LNV 0108 mMvn 32 2 nww 18 qwn?
D121 19717 TVIRIVOT DX WA 2w NP0 MININ2 IRV YW 9" 2 N2 oMk e p1eni
TVIRVOY A0 2PNV WA T2 2°212°0 150 101098 mbya 32 Hw 2XIN NN D00 1RpeRD
DY Hw nnaTia nows oop7na RYY (Blank) n1ipa nanan MwaipeR’ 010N

MY ATV T WRI DRI W 927 99 HW AT T VXA ,NPWITIL0 70N aY MavY N oy
W 71992 ¥X2I1 72927 007 N7 nX .pH-7 1 OD-0.2 nvnb 7w

Tecan infinite M200 PRO-11 >won 96 wells,transferred bottom(Costar)
7w 2P 7m0 892 ¥¥n 100 pL Hw up o000 0oy 730U 7w a1 600 D 9 TIR-5 200w
DOPTONT KDY V¥ YW VU727 00 IWRD, DOPTONT OV YINT OW 191 1NN P2 UpohooIn 0°nvI annnna

.0.2 n1A% MR RNPT7 T QPN OV YR D Y0 v 0mn
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.0-14 2 mmva pH mopn 59 quRwon 50mL 5w axm "y avia pH 3 nmn

Ex vivo-2 %10°37 Novn 3.2.2
NWRIT D10°10 TIvR AYXI2 PHY BT IUWHRA TN90N2 WY NPT XYY DTN ARRP R YA DRRY

T 77077 LN D9RPUOIR TR OWIIRT VT DR TATAT N2 NIWAD M2V 177 NIV RAT TYET PN

PEF-2 59101 "2%1 5w P00 "2y 9w S w2 wanwn? 1un2

0217 W 2w 71055 1°9an

DY P11 MW 1073 MIRXINY WD KD MY 923 H¥ ORTND 217 QORYNIW 2OINR 2PT10 92 RN NIn Yy

X277 0w

92,9731 7IN2 20912 77312 N°9O00 IV NAPXY N2V DAYD WDW PRI 0N Quw R a9 nN
Qo Auw1 (MY 10 Y PTNT NP DX mMLan? N y) UV nraph mpT 20 qwna quna vn v 7Y

1272 TPRYCRIR Non 1.5 ML Tina myw 24 qwab 7y 2ubua PRAIpeRY 1293 noon

Penicillin-Streptomycin-Nystatin:Biological Industry (Penicillin G Sodium Salt: 10,000
units/mL, Streptomycin Sulfate: 10 mg/mL, Nystatin: 1,250 units/mL)

2Y DOPRIAT 2N N2 MYW 24 7w (TR0 TIN2 2PRTM 072 NH0N AV AVWI MY LW NR?
M DPRINAT D) PY? DRI DT XYY 19 NYAWI DY 30 1DV TR010IRT NPIRYY NIn
oy W7o novnn 2w 100 YL 1onK 19182 0D MW 023 5y L,(2010Y9 1297 K D010

SAoon1a neoh Ty ovn qwab 79 7 7w P, aeruginosa

PXI9MVRYRA nww o 3.2.3
D) , 0 1 22N %D HY MY NO°D DD DY WA PXMDMVPIR YW M 3 ,00IXNP ATN0RIRT T DY

(219°0 K99 03797 7MW DAY 921 17900 M) 8 950! Abawa DYDY

QIVN MUY 7V 1012 D"7NwNN 0101190 N7 1710

Experiment Voltage Pulse length(us)  Number of pulses  Pulse interval (s)
number
Skin 2 1000 200 200 0.3
Skin 3 1000 300 200 0.3
Skin 4 1000 300 300 0.3
Skin 5 1000 300 200 0.2
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Imaging -0°1n37 Nk 3.2.4
-7 PWIn Y77 HY YXIA MY MI2NNR 019X

Maestro in vivo fluorescence imaging of whole small animals (Cambridge Research &
Instrumentation, Inc. (CRi), USA.
-2 9197077 2197 (1) 237 190ma M1 T 28 445 nm w93 KD 12 (17 9801 1K) 1wons
P21 DAYDIN NAR 702 .210°07 KR MW 48 (4) 219000 nR? avw (3) 79007 nR? 7n (2) ,PEF

.Excel y2ipa w011 n7e7ian mxxam (scaled counts/s) *59om quwi

% Maestro in vivo fluorescence imaging nin*Tn N>wn:17 WX

MO0 M1 3.2.5
1301 11 DR 297 999377 AW MIRTIN .Y DIAAID I 923 52 W2 2RI 12 TR 93 YW M vhw

TR 77 TN NPDI0T MRXINT .1 9907 MY MT>TAT D120 N7 011977 NTIPIWI DU TIR? 19
AT PW PP 219707 IR MIRPATI A TR 952 71007 MINwn DX

In vivo -270°1 3.3

27 1703 3.3.1
2"7IR L0012 ,2°79°% 01w 29I 10 LN I AT av W MNPw1 YA 3T v At phn

TXIP P vIRT av 70 BHI- brain heart infusion yx»na 57 P. aeruginosa p7°°m7 q0Rw0
OW XIPIR MRY . 100 prm 5w Swhu mbyn 37 Sw 0oRina 7ubu oy MupeRa 50 ug/mL noea
600 nm %w 93 7782 0.6-0.8 2020 N1°73% 22K 7227 22ww 70 OD-% 9721 oop7onn mvw 18
PBS-2 moman a9 01¥a 7117 2°p7mn noan (108 CFU-5 019 1px)
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In vivo-2 %10°37 Novn 3.3.2
7°1102 AT mmbyn %P '757 172V SR1N2 [YHWH .'PKTID'ﬁUPbN.'{ DU 7¥°3 ARN1 K27 0*10°17 VN2

Natalahival

.07 17-21 a0 1opwnw myaw 7-8 nua ,n7ave BALB/c mn2oy2 »wnanws in vivo-i 10712
DN PRWY TR WA OV, 7791 21952 973 120¥ 9D WRD 291 102 SW NPT N°22 1975 002085

172 7w MmN MY 21 307 D10 IRTN 72 700 DM0IDRY LR TYN-R nvw 12 5w qown
DR PR TR DWW NRPDRM TTYIT 970 DY NITWING 1977 DA WA MMTRnn ¥ .70%-30%

NIH-17 52 x> annm2y MGH as»ms noa 5w

O 1IN MYT MW P 79) 0 %Y 1233 P10 W (PNRNTY SRR 7aX) Y2007 78T N0 NvYY 219
YPWn? 02 NMIKD 0N 5Y) PHLP DRI TOWN DWW NILA R AVEIY (P27 DPTONY 1WORY W
omInw »"o 1.2 5¥ 1.2 5w 57132 2170 nann 2°0m32 Nwnnwa 020000 70T DR NRD N oY (7

SIATI1 MW .NYPYn 95 2020 N7 NN NT0IONRY L9072 0N YW PRI Y1avah 7Y 0% 1Ak 7N

SW mINNT NRY LM DY NP 7 W o0 237 7% D0 1N Y 50w 1919192 1010 Y

D0 DTV NN LW DY TR 7782 11D 2P TN IR0 Hw 50 pul 7 pna MR ana p7 S

TXIOMOPYRT MW o 3.3.3
11 2 10 axap 573w 10 9 9pon 79212 DYDY 9D 0V D 5U, mxip 7-5 1|?51ﬂ 0°120vA

TT1NUPYR MY 0ONI IO MRW 72 ,0°77705 NI 023 DY AV XIo0pYRT 10012 1 15 20
71012 .1"0 19w e (37192 R¥DI NN MY N2AOW IWRD) WD W ITAXIW 2°Y2M NNNP OY
.BTX 830 mon 0°0711 55 1mna awnnwn

In vivo 107 0"y 0n19n )wn 8 N7a0

Number \ Pulse Length  Pulse Pulse Interval  Number of
Numbers mice tasted

1 0 0 0 0 2

2 500 160 200 1 2

3 500 180 200 1 2

4 500 200 100 1 2

5 700 30 100 1 2

6 700 40 100 1 2

7 700 50 100 1 2
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Imaging -2°1n37 Nk 3.3.4
MR MDD NMINWT MR A ¥¥I2 2178107019172 TR0 MR XD PRI W 11D MM

J°ROPY 1290 W 0P a2 YT 0°120¥ 01208 0197 L.KNAITAN NI

aM21 Pwon? .18 asen 7R USA) IVIS Lumina (series 1) (PerkinElmer, 2°wonn ana1 o12°x>
QY MW M97 12912 P T (2ORNDT PNT TR PXYI0PRAN ARYIND) DM 010D 910 TN
MDY SW FPRPD 1057 2973 TV 70 K 2NN DR LR RPN DV MVPLTT LT R OV 03910
7X2 2% NMDUONT VIRPD OV IRI) 202 TIVPT NIDWDXT DITRI 730 TMANT NDDXT TWRD L, DONID

.Living Image® 4.5.2 narya qv¥1a y7na nrbix (70mnnn

VW -t (2) 29707 NR? T - t (1) 219000 2197 - t(0) :2°R2T AT OP0D DY YXI2 N1 IR 2PV
MR Y0277 212 - 1(6) 710000 R whwn ava - t (5) R myw 48 - t (4) 79000 R Myw

rAbuoh!

IVIS Lumina (series Ill) nin'Tn n2>wn:18 X
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S8y¥1aw 53 M0°177 PR NHI0MW TR0 DX NIXAZ 1171 19 920m K2

“8In vivo 1011 Nn30:19 WX

A 95°, 7 sec
B

P. aeruginosa

Infection

c

p
PEF disinfection ‘(’
¢ >

°

Bioluminescent ﬁ,
{ >

"MoYD MmN 3.3.5
MTIPIM (100%) 011977 IR 77 PWRIT 212 VW 120V 73 Maw 75 72w Excel yaipa nox1 y7ni

PAW D20V 1w TR 23 NIV TIDI2 YXIA MNIT DMK AW T T NXY PHR NWIT MNRT
MIRXINT PO 7732 203X DOVXIMNT 2D 2190 N¥I1Ap 72
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mxxn 4

In-vitro 2 "10°1 4.1

BTX-17 7°wan av Taguchi "o %y 510 11071 4.1.1
TOYY RANW NOROLDINT TOXIANPT DR RIXAD NOIWNT DR 97707 1777 OV 27I10°37 TR NWRIT 27w

’5 Hy . Taguchi op>wn %9 5¥ 3712vn YW PRI P2m7 NIRIN 2°3x7 10 9982 awa .nra 7m0 Ec
7RI 7T 7w R Ec-295.3 Vmm? 5w 77w oy ,owhhwn 0710017 7IwR 03 MIXTR 1001 19X MR
TWRIT M0°32 Ec-11 5w 2173 %971 7wan 139% 2 01 jop K17 Awyn?  NrEeampn IR axnwna nva
mM2°wn 5y o987 1277 291730 0053 .9-71 0012 23w Ec-n1 bW omerni awn 7w 53% 2w
NPPXPIDW I 210712 NNV ARTINT YAT2 NI HY 719317 0210797 NPEI1INP NN YW nyona
O 21037 92 N Al ATWA 7PN 3220w 993,030 NPLRORY 19197 PXPND KO Nwna AT

NV 2VPEX

Taguchi 101 nixxin ni1>'0:9 N720

Experiment Voltage on Pulse Number of Pulse  E. (vmm™)
number R1 Length pulses Interval
(ks) (ms)

1 1700 40 100 450 705.7+65.4

2 1700 50 150 400  552.7+35.6

3 1700 60 200 350  295.3+35.3

4 1725 40 150 350 593.1+52.5

5 1725 50 200 450  478.2+38.5

6 1725 60 100 400 527.4+40.4

7 1750 40 200 400 520.9+34.1

8 1750 50 100 350 581.8+43.8

9 1750 60 150 450 452.9+49.1

071 20797 YW PLDPVVDT MNP IR IWRD 77912 VN2 93 M2 0PN ,RIAMPIT NPAY 012
,ON1A WA AYOWw:T SHYa 000707 2 00 NIRTY 1001 777 00 Hv.11 5 17931 1 3 750% f1a1 NMRAY
0’27237 ©°0RI97 AN N2 T 319w oy (P/L) 09197 7R DWW 0n1on 010 ,IpT7aW 0NT NNA0na

NAXIY YW 277070 099V DR MIRTY 101 AR 11 1907 a9awa .0°02197 1907 HW 0707 PR Tm

VDWW QY NWRI AMNTA 021077 TIR W MUPOT WK L2712 2PN0POT 1720 TR 72 YW Ivowa

27 72°1 wIDna .4.58 D avows 7OV av 1w ATA0 ,2°0719:7 1901 YW avaw:n 7OV 1nR1 4.86 v
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N O°R27T MI0°177 279 DR 11907 1IR122 NYD 0707190 172 DIMDIRT Hnwna mnna nYown DR MRI? 07

MO DOYDWNHIT 0°WNI97 TIW DWW 37N 7702 MOV 7011 aNIR ,DODWRT 0°I0nI0T O M YT

D7y NYOWNN NT AT Taguchi ' 7v D0N19N NYOwN NT'A 7w Tawn 079 (10 N720

P/l N P/L V  Level
3.119 1.844  1.836 5.218 1
2.621 2939 2.676 2.814 2
5.465 6.422  6.692 3.172 3
2.844 4578  4.856 2.403 Delta

3 2 1 4  Rank

-x 1'¥)Taguchi NIN1 ' 7U D'I0N19N 7 NWOWNN NT'N 079 3 91
.3 nn , NIrNN 19010

Electroporation factors tested in Taguchi

\ P/L N
1 2 = 1 2 =

1 2 =

P/I

mean IMpact Factor
rS “

w

~N

1 2 3

D097 NXI2P TIN2 FANAT IPTAI,20T°TAT 2OIWNIDT NYVOWT MNWT NPRIANIPT YW 37720 A2
(4 9901 7I3) PTAIY NWRIT 0197 S%yown Miva 3 2 P721 09197 YW 0M0RI9 4 Pan TR 92 WK
TYDINT LTV TV A7 127 091077 W PA 30 RDMP 7w 00 RN 07197 TWh now: 1107
.Taguchi 5w mn17 °5 HY N2 Y ownn RN 0797 17371 NI 00 P00 45% 2 219p2 nhaomn
0°0721977 790N 1°2 XNP DR MIXIY 10112 (5 959% [78) 0°02197 1901 K17 PTAIW W7 0RO

DR RN (6 9982 773) WOHWwT AT .2 44% 2 120 Y0P AW nT TR AT AW

MW ITAIW MV %D MIRT? N1 IR LOWIPA RWRT AW 77 29071917 1°2 PNN01R 7707 12 Wpn
2w OV277 0D LAYOINT DX NITP207 MIRXINTA 1R 11% P WK 1997 20wnd 2 12 won wp

(7 "9%% 773)°Y°272 7732 .2 M2 YO K RXNA1 0P IR 9D Y0207 QIR AT 0nRwnn o

43



T2 209 W CIPAT 1DIRD WP R WA 12 PO DYPWIAT ,PRINA TPANIRT 12 WRn X
NYPWYAT PA0IRT Mnd

71030 ,°21737 LPOR 2PWH NI HY ,A0N2 .0MPRAN 72% M0k MRXINWI ,72°0P0 LPOK 122 T°9nna
9°201 T 192P O1r0awd MY 299K Ny 995w ,MATLAB 2 mXxIng 5w nvHmi7in axaas mp
SRMITINT UPORT DR PIPWH 101 IR LTIRD A1 RIT AT T 22INWAN 92 M2y NIRAY 001w 093 LM

JIRXINT NIPA2IMY 000 PIIN PVATY NIN O¥ PXAMP 92 M2va wxa mm 12-16

197N "7AWNN ATYNI 07197 IX ['2 WA NUXYAIZ: 4 92
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10170 "7UNN NTYN N7 N'7750 NYANIXD 2 W70 NRXI7: 7 90
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°
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400 i .
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Energy per treatment (J)
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IGBT 2°091977 921 2w m»yoi nrna 4.1.2
TR ORI 77297 ORIN2 WIMT PWIAT N2 L,ANWRIT PPV MN0A 2 12302 992 10017 W AT PR

,O°WTM D010 VO W 112 N7 WA IR0 09195 DR D291 MWITIN NPDUEA TINYY 1098
meava naxn IGBT 99 mnn av 020°17 MRXIN 1197 371250 YW PRI P90 172 MIpona HY 0020
(Taguchi * %y yown Mnd >3 NuPoT) v 1000 - 2 1750 - 1 °2AWwns Anna 7T % MR 1001 .12
TIv2 N2 77 370 AR (Taguchi on 5y N2 v pwnn MOPoiT) 07197 TR 2°NVROT YW ARIYm
AT WA TN ,295 VMMt 5w oo aTw Dw RN 2WAD 1A PWRIT Twna ox (i
DW ERMONPT Mav2 (2R 360 Sw ) 82VMmT Sw hmorn 1vh v

1000 V, 200 pulses, 300 ps pulse length, 4 Hz.

. 37.35 mm? % ¥ *m0pni 212°97 7Y TWRD SMYARR 191X 973 (20 9587 TOR) 212°V7 0P 03

TTIVRORT RIT OVEART DY WwRD PEF 2 719007 20X nP2pnnn mavan naxn 20 5n K2
SUPIPA TR 2123 DR 2R07 DI 1P DPTONN DR Y0P QYD AW 12 Nuwn R Q0w nown ,Nonon
JTWA W 392°0R 2123 02V DR D010 TIN0PORT 1900 7RI 0170

(x5.6 X

Taguchi 10" nixxin DI1>'0; 11 N720 NTYN Nyoswn1a o'7T1'Nin N7'07 120 WX
9170N7'NN DI7'Y)I7¢ NYOWNN 71221 '7nwNn

Experiment Area

number r¢(mm) (mm?)

1 0.99 9.75

2 1.09 10.71

3 1.15 11.33

4 1.12 11.02

5 1.41 13.94

6 1.78 17.59

7 1.29 12.74

8 1.86 18.29

9 2.51 24.79

10 1.03 10.13

11 1.67 16.45

12 3.48 34.36

13 1.74 17.22

14 3.78 37.35
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Q’OQ GOQ Q'OQ Q‘OQ QOQ OQ QOQ QOQ QOQ QOQ QOQ QOQ QOQ QOQ
9 9 9 9 9 9 9 9 9 9 9 9 9 9
N N N N N N N N N N N XN NN
S .S S S ™ & S ™ & S S S
UG I G G P P DR G G R
W NY N WNYE N N NY N A NY N A N
QQ 0@ (] ("] 09 09 06 0(’ 09 01'9 Q? 0(’
PR AR PR R RPN R R 4
& S & & & g & & & &K S
KOOI RO R S & S KOMIOPIS PSP

DR DPNRNWI 77782 MIRT? 101 ,0°10°17 YRIAW S0 UYUDI AT IR A 13 Raw 1 10 950n nasa
20037 TNR? WG W

oW M7 ,150-5 100-1 12 3279 2°0719:77 19011 200 WS ¥ ¥12p 17°7 02197 TR 12 0% 2va

Sw Mpram oy 274.89+19.92 Vmm™ % 310.36+21.14 Vmm'L » “Snwnn a7wn bw a1 noxa 2 Hz
11.02 mm?2% 9.75-n 573 212°w7 mow 17 19982 .p-value 0.007

oW 37> anox1, 2 Hz 5w m7vn, 200-7 150-2 12 a2 0°0919:7 190nw 200 s 2w 0719 71X M2yl
Hw 212 Mo p-value 0.000 5w mpaam ay 237.06+12.06 Vmm? Hw 7wh “onwna atwn

.12.74 mm?

, 2 Hz 5w m 0, 150-5 100-2 12 732w 0°0219:77 190m1 250 S ¥ 312p 7197 02197 771X 12 10°17 Mava
Sw Mmpaam oy 218.04+22.33 Vmmt % 282.78+19.29 Vmm™ » “onwnin n7wi b 3707 noxl
.13.94 mm?5 10.71-n 573 212w mow 717 1982 .p-value 0. 000

oW A7 anox1, 2 Hz 5w m1*7n ,200-5 150-1 12 791w 2009197 190w 250 Ys 2w 09219 7R Mava
p-value 0.004 5w mpnam ay 168.30+28.52 Vmm™? Sw Twh “onwnn atwn

.18.29 mm? 5w 22y mown
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, 2 Hz 5w m 10 ,150-7 100-n 12 791 2°02197 1901 300 WS HY 312p 7°7 021977 71X 12 10°37 Mava
Sw mpmam ay 173.07+19.43 Vmm! 5 267.83+23.44 VmmL » *onwnn 77win YW 07 nnoyl
.17.59 mm?% 11.33-n 72 212797 mow 17 19982 .p-value 0.000

oW a7 anox , 2 Hz 5w m7>7n ,200-5 150-7 12 739w 2002197 790nw 300 s 2w 0219 7R May2
Hw 219°y mow p-value 0.000 Hw mpram oy 122.91+14.06 Vmm™ 5w 175 “onwni 77wn

.24.79 mm?

IX 121 (NIXI270 JIN2) 0'07190 19002 NI7ND '0M7N *7awnn NTwn Nia7onn (10 911
(nixia7n |'2)o719n

350

- { n=150 O n=200
300 I
275 I

o : |

i: 225 /l
e O r

w7

150 ﬁ;ﬁﬁ ;ﬁﬁﬁ
= 1M | VM ||

250 300

Pulse length (us)

DR PARNYI 77182 NIRTY 10°1,0710°19 YXIAW 200" U0 1N IR A3 ¥aT 13 793w 1 11 9p0» 5am
DOMUANDT RY ,AIWH NN DWW WRI0T TR .M NRTATA ARYINA M0°IT TNRS WA MW
.300 pis 5w 019 77X 2°0912 200, 1000 V 5w nnn 5v °72197 2°¥12p N1

1 2127w mow 180.33 Vmmt ;o awmnan vxmna aTwn 7w 1 Hz X071 1M 710031 May
.D1797 "0°12 7 719712 1721 .17.16 mm?

1 21209 mowt 122.91 Vmm? o0 2wman vmnn 7Ten 7w 2 Hz X0 1mTnw 10030 May
p-value 0.001 Sw mpaam oy 47% 5w 770 7w PRI 1012 Ixwna . 24.75 mm?

1 21297 mowt 89 Vmmt o awmen veven a7 7y 3 Hz X077 117w Mo May
p-value 0.000 5w Mpaam oy 38% W 777 MIw° WX 1017 Axnwna . 34.31 mm?
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.37.3mm? i 21209 mowt 82 Vmmt o awmea veven 77wn 7 4 Hz &0 17w Mo%an May
p-value 0.000 >w mpran oy 9% 2w 7797 7w NWRIT MO0 RN

210°1 SW NIRYING 01D ,MIPIAM 1 MRXINT 9 °3 IRII 2°INWHn 22 2y vaw t nana

.1-10,2-3,2-4,2-10,3-4,5-13,6-8,6-11,6-13,8-11,8-13,11-13,12-14

Hz 2 02190 niN*TNa ni7n> *7nwnin NTwn naxiy (11 9

1000 V, 300 us pulse length, 200 pulses

250

200

100

E; (Vmm™)

50

977 0 MR (12 ™90% {93) V™R F7W 7 P27 AN DYPWIRT TPANIRT 172 X0 Q00
X°2D PYIN2 323 AR YW VPR ORI T3 0AWT TTW TV R0AN TOANIR DWW TR AYpwa WK

93% WK MRXINT *7° ¥ NPAM 782 120 71 o 80umpn onwna 1w v pmynwn 57
JPEDMPT DR ML MIRXINA
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7'70N2 NYEwINN N'7750 N'AIXNT0NF Yaen NTY [ wzn NNz 12 9n

350
300
250
200

150

E.(Vmm?)

100

50

10 20 30 40 50 60 70 80
Energy(J)

IGBT a10n D'07190 771NN 7w 1010 112V t-test N V79: 12 1720

1

2 0.020

3 0.004 | 0.128

4 0.007 | 0.251 | 0.293

5 0.000 | 0.000 | 0.002 | 0.000

6 0.000 | 0.000 | 0.000 | 0.000 | 0.002

7 0.000 | 0.000 | 0.008 | 0.000 | 0.048 | 0.000

8 0.000 | 0.000 | 0.000 | 0.000 | 0.004 | 0.371 | 0.000

9 0.000 | 0.000 | 0.005 | 0.000 | 0.000 | 0.000 | 0.000 | 0.003

10 0.096 | 0.053 | 0.007 | 0.012 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

11 0.000 | 0.000 | 0.000 | 0.000 | 0.008 | 0.152 | 0.000 | 0.130 | 0.000 | 0.000

12 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.000 | 0.000

13 0.000 | 0.000 | 0.000 | 0.000 | 0.018 | 0.318 | 0.001 | 0.250 | 0.001 | 0.000 | 0.388 | 0.000
14 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.175 | 0.000
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aPPu0IR NYown 4.1.3
P. aeruginosa p7°ni %y ap w120k PEF-2 wnewn nX 19102 25wni 820 00010 7w

TTW YW NONMWAT AV N1 YW A1NaT R PWRIT 0P Y 00127 2 11n2% X2 S. epidermidis
NM2Y X7 72w 77027 .APA02 MW IR TR 1N T 29190057 2 WK IRU0IRT OV 00w
DPTN 20"V QORI 0190w 0T 0211 OOAT DNDWHA DRI CIT DV 919°07 M7y 97200 DX
Rpkishiij

22vn7 070 NR S, epidermidis 1929w 073 nndwnn 0PTNN DR 2%n P. aeruginosa
-PXOMIVDIVO-PYORID APUPVIRT 0P YW 2917 5121 M0°1 1937 PVOAI10;T UPORT DX 1727 Nan Hy
NA9X 922 W12 MO DW M W 2°A7RT 2V Twow ,20 T50n R MIRTY NI 0D P
VW AWYI 07w 29y 31 Apo0100IR av 10 PEF 25wnn 919°0 05 00nn wow wRD L
XA PV 100207 5117 719702 MWW 2101797 NP DXIAP 1T O 7292 AR010INA

1750 V,200 pulses, 60 ps pulse length ,350 ms pulse interval :Taguchi »5% 2012 n>%woIRa
23277 7737 °2 MX? 1071 .P. aeruginosa pTvmni M2y 122pnaw 293 NIREING 11977 381 13 "50% f1sa
219007, MY .308 Vmm? By 7y 1991 7252 PEF 2 %1900 2apnaw yxmng IV DR 101
2190077 12°%1 189.65 V mmt Hw suimrmpr v 2037 Dil 1-0012 miaan 11212 ,72%2 ApthranIRa
TR 2PN 2190 0 MR 101 .155.67 V mm? 5w a7ws Roan apturatiRa oy 1 PEF Hw avhwnn

27292 IR0TVIRD 1900 TN 2200poR 22% 117292 PEF 2 9190 99% 2 101 20upoR

AN 20paX °m 203.53 V. mm?t mon bapnnw Ec 77w (Dil 2) sawn Dvnn oy 25wnn 91900 May
-7 23912 7292 RPUP2OIRA 210N N 0POR 78% 217272 PEF 2 79o0an 51% 2

. 362.99V mm?

2°2°0poR M 219.07 V mmt n bapnaw Ec 77w (Dil 3) swobwn Dvinn oy 25wnn 91900 May
=77 23992 7292 ARPULIR D190 N CuPER  123% 217272 PEF 2 Dw00uin 41%

.488.93V mm*

2 °200poR M 217.78 V. mmt o bapnnw Ec 177w (Dil 4) vyo20a 9imnan ay 25wnn D19°un 1ay
SW OIPMNMPRI T 7292 ARUPVIRT D AYOWI N0 RY 1017 932 7252 PEF 2 Mounn 40%

01K 7 AT 919002 7w
2o0poR oM 211.34V mm? 7 9apnaw Ec 177w (Dil 5) swonnn Dvnn oy 25wni 21900 May

WINPNPRIT T 7222 IP°0I2OVIRT PW VW N K 107 21702 L7272 PEF 2 9ovin 46% 2

ODR 797 777 210002 7w v

.3-5 00910 7IRY 312p 22pnnw ATWn 7O R0 Jawe (9912) wohwi DITna InR 0 MIRIY 100
1°2 (0.05 2w Mpraw nnn2) 2paave 029727 IREAI RY 90 MR 1001 14 m9awa xymaw T 7 jmana

RriraRappdhiahi
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1725 Dil 1 -1/2 2012 7maam 917°12 2190057 1°2 212°57 01°772 2297277 DR NPHRI MR 1001 21 91982
.Dil 5-1/20 2nva amax Mnonn
P. aeruginosa j77"N2 (2A71wnn 719'0n1 7272 Nj7'012'0IX , 7272 PEF)719'00 2102 Ni7nd 070 nTYN naxw (13 91

a >0 Pseudomonas aeruginosa PAO1

500 *Calculated equivalent E_ for
450 experiments with antibiotics only

400

350
300
250
200
150
100
50
0

PEF Dil 1* PEF+Dil Dil 2* PEF+Dil Dil 3* PEF+Dil Dil 4* PEF+Dil Dil 5* PEF+Dil
1 2 3 4 5

Ec-(V/mm)

Dil17in1 N7'01'2'0IX 71N'A 1121 DY D'A7IWNAN D'719'0N 727NNY 19D 25w 01'T1:21 X
ninn2aa nixnarT-(1/20) Dil5 *2n'oznn 21in'mini (1/2)

.(14 2zon n73) S. epidermidis p7>ma ¥ 03 701 7377 1071 TR

P2OVPOR 1777 K 1727 *01200IRT 19°07 .378.41 V mm by 1y s Ec 7 77w 7292 PEF 2 919007 12y
2T My

M 348.51 V mm? bw 7S m7wn nk n Dil 1 9ima aptoraivirm PEF Sw awnn 9on
9% v a7y
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350.12 V. mm™ 5w 1w a7wn ok i Dil 2 5vma aptvracvirm PEF 5w anwnn 79000
.8% 2w a7 anana

325.67 V. mm™ 5w 1w a7wn ok i Dil 3 9vrna aptvracvirm PEF »w anwn 7900
16% 5w a7y annna

334.04 V. mm™* 5w 1w awn ok i Dil 4 9vrna aptvracvirm PEF 9w anwnn 99000
13% 5w a7y annna

331.10 V mm™ 5w 775 77wa nx n Dil 5 9yna apurasvarm PEF 5w a9wna 919000

TIXA MNW 1R 199 19w PN NP0 Y9Y2 MODIN PR 2N MRXIN Y9 .14% 5w a7 mnann
Dpran

77"N2 (2A71wnn 719'0n1 TA72 N7'0IA'0IX , 7272 PEF)719'0N 2102 NI7ND '0M70 *7awnin NTwn naxiy (14 9
.S. epidermidis
*Calculated equivalent E_ for experiments with antibiotics only

550 o mmems o oammma o awgea el
500

PEF Dil 1* PEF+DiIl Dil 2* PEF+Dil Dil 3* PEF+Dil Dil 4* PEF+Dil Dil 5* PEF+Dil
1 2 3 4 5

oy 7 PEF 71 5w 29%wna 19002 Ec 1779792 7707 71w 90 9% P TN I M S jntl 999
DY2MX3T ARPLYVIRT TN DTN PN VOO VPOX MXH DD 1Y YW NN LAPUIIING

D7V 0037 MY NP2OVPOR F2VINLIR NI

D MINTY 1N°1.2°°21°1 273 21900 273 PTON 1P2 DI1900T MY NWwa DR IMAY K2 CIWwn PR Nk
S. 29w nawh 23% 2 P. aeruginosa 2 anY 17277 "2°0poR 7 ,7272 0°hnwnn 007192 71900
(N5 °YXH N DUXDIT) DHW DINT PTON D1MINIT I0°37 RINA D YA 7w an epidermidis
NN YEDn D072 25% D 2 IR¥N1 P.aeruginosa 17 op7n mnuphRa 219005 0 0w v

5w 7293 7% Ny
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650

600

550

500

450

350

300

250

200

150

1.5

1 P. aeruginosa ot 172 ARMWT IR P¥H1 110737 MXXIN IX 0o0n 15 9sen f9s 61 S, epidermidis
TINI2 VP 212°Y OV 212 Ec¢ 207w Oy 77 HWw ORHWT 17°82 RY¥N1 P10 1 Rws LS. epidermidis
o937 YW NPNANTAT AYOWN 03 .0°P173 2107V 01T PNIynwn 00011 Ec 037 oy 70 YW 1 aR?
219°02 (MU 2w 72707 2"V NAXR) IR0 LING 115772 70y Rwd P. aeruginosa p77°na 210 nhuamn

SRR TWR TV 8700 RN 239w

.S. epidermidis | P. aeruginosa j7T""N2 271wnn 719'07 1010 7¢ Ddon 911 :15 9N

Pen G-5000 units/mL, Strep-5 mg/mL,

Nys-625 units/mL-PEF+Dil 1 E, for Staphylococcus
¢

Pen G-2000 units/mL, Strep-2 mg/mL, epidermidis RP62A
Nys-250 units/mL-PEF+Dil 2
@®E for Pseudomonas

Pen G-1000 units/mL, Strep-1 mg/mL, aeruginosa PAO1

Nys-125 units/mL-PEF+Dil 3

Pen G-666.7 units/mL, Strep-0.67 mg/mL,
Nys-83.3 units/mL-PEF+Dil 4
Pen G-500 units/mL, Strep-0.5 mg/mL, Pen G-5000 units/mL, Strep-5 mg/mlL,
Pen G-500 units/mL, Strep-0.5 mg/mL, Nys-62.5 units/mL-PEF+Dil 5 Nys-625 units/mL-PEF+Dil 1
Nys-62.5 units/mL-PEF+Dil 5

Pen G-666.7 units/mL, Strep-0.67 mg/mL,
PEF only Nys-83.3 units/mL-PEF+Dil 4

Pen G-1000 units/mL, Strep-1 mg/mL,
PEF onl Nys-125 units/mL-PEF+Dil 3
only
Pen G-2000 units/mL, Strep-2 mg/mL,
Nys-250 units/mL-PEF+Dil 2

1.75 2 2.25 2.5 275 rimm) 3 3.25 35 3.75 4 4.25
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P. aeruginosa (n=63) ZT""NN 7V 271wn 719'07 100 NIXXIN 7¥ t-test '00'0VO [N2n: 131720

Ec/p- PEF Dil 1 Dil 2 Dil 3 Dil 4 Dil 5 PEF+Dil 1 PEF+Dil 2 PEF+Dil 3 PEF+Dil 4 PEF+Dil 5
value alone
PEF 308.86
alone V mm?

p-0.000

p-0.000 *189.65 V mm?
Dil 1

p-0.004 p-0.000 *362.99V
Dil 2 mm-*

p-0.025 | p-0.003 p-0.015 *488.93V mm-!
Dil 3

koo p-0.000 p-0.000 p-0.000 koo
Dil 4 p-0.000

koo p-0.000 p-0.000 p-0.000 - koo
Dil 5 p-0.000
PEF+ p-0.000 | p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 155.67 V mmr!
Dil 1
PEF+ p-0.000 | p-0.022 p-0.000 p-0.002 p-0.000 p-0.000 p-0.000 203.53 V mm!
Dil 2
PEF+ p-0.000 | p-0.022 p-0.000 p-0.002 p-0.000 p-0.000 p-0.000 p-0.013 219.07 V mm!
Dil 3
PEF+ p-0.001 | p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p-0.002 p-0.112 p-0.282 217.78 V. mm*
Dil 4
PEF+ p-0.000 | p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p-0.022 p-0.062 p-0.118 211.34V mmt
Dil 5

S. epidermidis (n=36) j771'nn 7y 271wnn 719'0n 1012 t-test '00'VVON [NANN NIXXIN: 147720
Ec/p-value PEF alone | Dill Dil 2 Dil 3 Dil 4 Dil 5 PEF+Dil 1 PEF+Dil 2 PEF+Dil 3 PEF+Dil 4 PEF+Dil 5
PEF alone 378.41
V mmt
p-0.000

Dil 1 p-0.000 *oo
Dil 2 p-0.000 - *oo
Dil 3 p-0.000 - - *oo
Dil 4 p-0.000 - - - *oo
Dil5 p-0.000 - - - - *oo
PEF+Dil 1 p-0.020 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 348.51 V mmt
PEF+Dil 2 p-0.010 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p-0.438 350.12 V mmt
PEF+Dil 3 p-0.001 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p- 0.025 p-0.033 325.67 V. mmt
PEF+Dil 4 p-0.003 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p-0.013 p- 0.039 p- 0.226 334.04 V mmt
PEF+DIl 5 p-0.006 p-0.000 p-0.000 p-0.000 p-0.000 p-0.000 p- 0.039 p-0.024 p- 0.355 p- 0.281 331.10 V mmt

-- no value

* Equivalent to EC

**o0 no delay effects
Dill: Pen G-5000 units/ml, Strep-5 mg/mL, Nys-625 units/mL ,Dil2: Pen G-2000 units/ml, Strep-2

1700 Volt, a pulse duration of 60 s, the interval between a pulse of 350 ms, number of pulses: 200

mg/mL, Nys-250 units/mL, Dil3: Pen G-1000 units/ml, Strep-1 mg/mL, Nys-125 units/mL, Dil4: Pen
G-666.7 units/ml, Strep-0.67 mg/mL, Nys-83.3 units/mL, Dil5: Pen G-500 units/ml, Strep-0.5 mg/mL,

Nys-62.5 units/mL
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Ex-vivo 2710°1 4.2
W HW [uwn 223 DY aRwY NVIRNPT ATNURYRT QY WInwR XMDN0RIRT nuw 917 210017 7vna

NPT ANWRIT MY NN P aeruginosa p7oomn "'y 11197 19N O 7PXPRI00? 21900 12y qw
P11 DRI WA NANTA 22pnaw R auwy UV nnn marh 1axy 2w non 9732 15w 011977

TR MIRT? 1001 24 7w 22 291K PTONIN ONPRA 1 WORIY DOWIDT NP2 T MR NIRDNTIN
1°11 (22 A9on A°R) PEF 2 919°057 %199 M7 nXT PRI PN WRD W0 W O 0w nawen
NPT AW MR WRD PEF 2 219007 R w5 23 91982 15792 PINT 70 R IR NIRDD
(Regions of interest) ROF 2 5w m7panan DR MIRT? 0% 24 919K2 p1PR NPO0IRNPT I70P9R

STTRR DW NPVPORT MW AN 12,000 ITN0RYRY 22200 TR

719'0N INX7 DNITA MY 7¥ VINA9:23 WX P. aeruginosa j7T''N2 DNITA MY 7@ 0INA19:22 WU'X
(D'1n10n 0*79101 DITX) PEF 2 719'0 197

72712 ROI-regions of interest N1'N21:24 I'X
NM0XAUZN NTINOZIXN
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AuW: *27w2 77°7° M PEF 73 9197057 590% 9 71722 MR 1001 WK 16 f752 nveoIn 10°17 NIRYIN
SW ATP0R TOWN YK 70 P19 01N R PXNMDMVRIRT D°IRNRaN PRNAY RO ANITAY 9932 .5apnnn
AR VY 02 7RI IR AYY ONR DD QYD 1IN NINANTT RN DIMVDIDR? 72T HW 1DIV2 IRVW NI21AN
, MYW 48 "NKR MRANTI 212°82 NWRINM N0 NIV V9N QLW %271 7777 1R 177V 91907
7072 °20777 1P NPLORITA AY9YT DR .NMIPTAIN NIRRT QUWE TWA DWTIND P9 NIRI? 1001 on2
TWNIY RANT2 ITIWWW DRI WORY 1 ,MVAR NV NIRANTA NTPONR N0 N2VA YW 0P

TWRD LT DW O2R°0PNR T IR DRI 2 7907 MY DRAT LTPEM0MURIRA P19 K 002NN

25% 2w 077 ,75%5 avw nR? "nonnan quwnn 90% 2 770 aquwn PEF 2 99000 anRb

DT DR NOOIN XM N2ANaT Twan 85% % 100% » 15% 2 An™a 570 5 7 ya DT May
TWRIT PR 1NN TT° I MWK OIS IR ANKR 19w 2751992 MO 51 2 MRANT Owhwn

. PEF 71 X% ayw "3wi pona noowu aptin a7

Qv NN QPR NAPANKA 3 RANTI IWE 1P NRRANMY NRANan TR 23% S0 a7 R 4 XaT
TTW RN NIAAD TPOIWE DR DRI MO 19 03 WP 4 XN onhnnaa quwnn 15% Sw oy
PRI DOPORIT D P00 171 ,IRO7 .0 M 8077 PEF 17 090R myw Auwa g7 YW 0197 172 nnvpn
WRD L,INW 1777 1997 NIRNDAITA 0197 DW 2WDT NI TN 712772 21w K2 21K 41 2 9901 w2
PUIVDIDR TTPOR W PR MAWTY 1YY IR0 091977 2 XINT2

PEF 2 719'0nNn NXXIND QYN NAXIY 7¢ N1 1INK (16 91

130

120
2
110
5 4 3
100
90
80

70

Percentage

& &K L& &K L& &« L& &«
& & & & & & & & & & & & & & €
O < < Q' O < < Q' O < < < O < < <

S FEE S

@ S @ S @ @

o ¥ Q\o e ‘2‘0 X ‘2‘0 >

S N QX N N

RS ® RS RS
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In-vivo 20°1 4.3
NYW.(NMP°27 NX1APA 22120V 3) M 2 177 DR 202 IWRD MIX1AP 7 2 0723na N R ar pona

DY YOAZAW OTOX 72 2V ,26 90N MIRI 3TN ATDIRT Y1X°2 .25 IR NRATA YIWNT TWE May 2wona

Ralel7zpalacely

MNX QUYN NAXIY)D'N2DYA '7AWN NTYA 719'00 INX7 'ON'N QUYN 7¥ 21w'N N0 25 X
(12>y 752 719'0n 197 INNXIY7 0N 719'0N

PEF treatment Mouse 2
Divide Divide
Day 1 ‘ Mouse 1 Mouse 2 , Day 1
Ba e r

Average

Relative total flux

Living Image® 4.5.2 2 120N Nr'72ax:26 X

DI 21D NRD 7Y (27 B0R APR) TTIOPIRT 0T PV DONI NIV, WUWLAT WM 1DV KD

37°C 5 omina muwn S22 By MWWIRNTY 1M 22720957 3N N72p IR Mo
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Percentage
= = N N w w H
(6] o (5, o (8] o (8] o

o

DT IR 92 ,0%T0 PR ARIIND NP NIPORT AP TN 920P 90 DINNTA UK NOOIT o

0N 2ININD NI 2TND RUAI KD Y9RRAT 091557 - WO27T 2192 MTITAT 2102 NRNIY TV 17T

D"NZ70 NTNVZ7X NIWXYNXA PEF 2 719'01 170102 071N 120:27 WX

0172 NWRIND VW 2w 21M0PAT NTIRI %3 MIXTY 1001 279X 772803 AWV Y1970 pnnT 0 oY
(17 m5%% n73) o0 17- 5 I0R? 891 1972 7V 73777 7920 20K 21T NR? Wi

719'0 X77 DTN Yxo 7w (D0'TINK1) QUYN VEZ'NIXIT:17 912

T
]
I I

day0 dayl day2 day3 day5 day7 day9 dayll day13 day15 day17
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(18 =pon 793) S500V- 77 70X RT 2XNAW NWRIT MO yapn

NP a7 N¥1apo ona 31% Sw a7 R 500V/180us length/200pulses/1 s interval 2w 10010

21900 W 1w ora

NP 27 N¥IAPY ona 52% Sw a7 R 500V/200us length/100pulses/1 s interval 5w 10015

21900 W 1wt o2

NP 27 N¥IAPY ona 69% Sw 770 R 500V/120us length/200pulses/1 s interval 5w 10015

21900 W 1w o2

NP a7 N¥1apo ona 88% Sw 70 R 500V/160us length/200pulses/1 s interval 5w 10015

21900 W 1w ol

WD Y2771 DYAWD WRWA 02 O3 MW NNPAN NXIAP 1727 21970 MXIAP P2 WO MR 1w 053

180
160
140
120
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Abstract:

The discovery of antibiotic Penicillin by A.Fleming in 1928 was a significant medical tool that helped
save millions of human lives from bacterial infectious diseases. Thanks to the tremendous industrial
production of the drugs, it became a frequent and available treatment to all. The industrial process
helped to produce massive amounts of the drugs which were used by people in high doses with no
limitation, and eventually reached our water reservoirs (through sewerage). Environmental bacteria
exposed to those drugs start to modify their defense mechanisms until they become drug resistant or
even multidrug resistant-MDR. Those bacterias became resistant to antibiotics and had a unique
ability of transference (DNA resistance fraction-plasmids) of this resistance using a pili mechanism.
To compete and kill those resistant bacterias, scientist synthesized a new derivative of known
antibiotic, but it is only a matter of time till the bacteria will become resistant against them as well.
Patients with large areas of the inactivated immune system, like burn injury patients, often suffer from
contamination with multi-drug resistant bacterias. Nowadays the conventional treatment method of
the bacterial disinfection based on an antibiotic, become less effective against MDR, additionally a to
the fact that in the last 10-15 years more and more multi-drug resistant bacteria species being
discovered and isolated. To solve the contamination problem, we suggest using the PEF (Pulse
Electric Field) method in which the electric field, makes microscopic holes in the cell membrane
cause a cell leak and cell lysis at the end. The PEF method can be used with other technics like
antibiotics or antiseptic nanoparticles and provides a significant advance thanks to the use of a

combination of 2 methods compare to a single one.

To optimize the PEF parameters, we suggest a system with Low Salt media and the single co-centric
electrode. Based on our method, L9 (four groups with three levels) Taguchi matrix was designed to
test four parameters of the generated pulse: Voltage, Pulse length, Number of pulses and Pulse
interval (Frequency). Based on the matrix, we discovered that the parameter of the pulse length was
the most important in the limits of our conditions. According to our knowledge that most of the
antibiotics defense machinery of the bacteria are located on the outer membrane to avoid the
penetration of the antibiotic into the cytosol, the next step was to test the PEF (that induces damages

on the membrane) together with antibiotic and to study their synergistic effects.

The results were unequivocal: the combination of PEF and antibiotic was more effective than each
treatment separately -the whole was greater than the sum of its parts. Another part of the study was to
test the morphological and membranal differences between Gram-positive and Negative bacteria. The
representative of the Gram-negative group was the P. aeruginosa with a rod (Bacillus) shape, and the
S. epidermidis was the representative of Gram-positive Coccus group. During our experiments, we
discovered that (under conditions of pH=7) the Gram-negative P. aeruginosa was more sensitive to

the PEF and antibiotic treatment compared to the S. epidermidis (the antibiotic mix we use was



against both Gram groups). When we use a low concentration of antibiotic, we can avoid the
unnecessary leakage of the antibiotics to the environment and slow-down future development of new

multi-drug resistant (MDR) species.

We also set to develop a new pulse generator device, based on IGBT for laboratory and future clinical
uses. To test the device a matrix of parameters was tested, based on the conclusions of the first part.

The lowest field required for bacteria inactivation using the newly developed was E.89 Vmm™ and
most significant area of delay in the experiments was achieved (34.36 mm?) for a single needle

electrode.

One of the individual characters of the P. aeruginosa is the ability to provide bioluminescence and
fluorescence signal in a unique wavelength spectrum. This kind of signal can be translated to the
bacterial density on the surface. Using this phenomenon, the next step of the experiment based on the
fluorescence signal from chicken skin contaminated by P. aeruginosa. The contaminated skin areas
treated with PEF had shown a signal reduction of maximum 25 % (75% of the original signal)
compare to the signal before the PEF which was the reference point (100%). After the treatment, the
bacteria were imaged again after 48 hours. At this point, we could see that the bacteria had grown

once again on the dead skin with no activity of the immune system.

To make one more step forward to emulate real conditions of living cell tissue, an experiment with
laboratory mice took place. In the beginning, the thermal injury made, and contamination of P.
aeruginosa spread on the area of the injury. Imaging of the mice done on the second day, and when
we compared it to the control group, we could see a reduction of maximum 88%, of the total flux
signal. The tremendous differences between the PEF of chicken skin and in vivo experiment can be
explained by the secondary effect caused by an electric field. During the electroporation, additionally,
to the bacteria disinfection effect, PEF can locally stimulate the immune system by causing minor

damage to the skin surface and recruit the immune system compounds to the contaminated area.
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