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Population assay

A #FE TSAl W3 % 0.5 Mcfarland (10°CFU/ml) & =4 3}
o FFE 10°%~10" CFU/mi7kA @Al 343k 21, colistin sulfate
0.125~256 mg/L7F #H7FE MHAHWIA Y H#+FE 10002 Z2+7+
spreading 3} 37Col 24A17F W4 F colony &5 SAHAS
Standard ¥+ E. coli ATCC25922& AH-8-3lH 0.1, MIC < 2ug/ml
o], 2 pg/meol el Fej~wlo] LFE v oA 20 CFUCIY S =

L

= FE colistin heteroresistance #FZ &<21s}3 2

2) Genomic DNA +¢]

(©]

Maxwell 16 cell DNA purification kit (Promega)& ©]-&3}e] 1 %
el uwhe} E28tA+

3) Multi-locus sequence typing (MLST) * #£3¥ Az W] we} 2A

O

Genomic DNAE #2]3t%] 77] 9] housekeeping gene°ll tj3]A4 PCR
I HAriAd BHE SIS FUHEY dUIMES BER ¢

MLST DB (http://www.mlstnet)oll 2= dlolEl e} Hlmate] Z+ f
29 allelic numberE A7 3tal o]o] we}l sequence type (ST)<=
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mer-1 A &Rl 3} PCR ¥ sequencings %
3 2 (&1

LPS Wy #d fFxx Wo] gl #5°] DNAE F%3t9 PCR ¥
sequencing ¥ o}F]i4t Wol & 48t A d5o AT T
zpo] Bl &4 (F2)

PCRZZ: 94°Col A 523t A 22| -, 94°Coll A 3023t |4, 56 Tl A 1
B3 A, 72°Col A 4523 SHNEE 303 WhEsta wpA|Rte 2 72T
ANA 1083 ARN-S & FZ4HES 1.2% agarose gel (SeaKemR LE

agarose; FMC Bioproducts)ol| A 217195 &<l

X 1. Colistin Y4 +ZAAF PCR primer sequence

Target genes Primer name

Sequence (5’—3°) Product size (bp)

mcer-11 For CAGTGCGCCAAAAGATACCA

mcr—11 Rev ACCGTTCTCACCCAGACTTT 784

mcer-1

¥ 2. LPS ¥ ##H #AA PCR primer (K. pneumoniae)

Target genes Primer name

Sequence (5’—37) Product size (bp)

pmrA For CATTTCCGCGCACTGTCTGC

pmrA pmrA Rev CAGGTTTCAGTTGCAAACAG 851
mrB pmrB For ACCTACGCGAAAAGATTGGC 1974
P pmrB Rev GATGAGGATAGCGCCCATGC :
phoP For GAGCTTCAGACTACTATCGA
phoP 739
phoP Rev GGGAAGATATGCCGCAACAG
phoQ For ATACCCACAGGACGTCATCA
phoQ 1,596
phoQ Rev CAGGTGTCTGACAGGGATTA
mgrB For TTAAGAAGGCCGTGCTATCC
mgrB 252

mgrB Rev AAGGCGTTCATTCTACCACC

4) Lipoplysaccharide (LPS) %

O W’ #5E TSB 10 meell ] FeF, 13,000rpm 10 min 94 &2

4) Lipid A &
O LPSE 52

LPS+= LPS extraction kit (Intron)E ©]-&3te] 1 W me} £
A

T

o

%% ¥, phenol/water extraction W

2 g3te] %
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O

£33 2. SDS-PAGE (100V, 1h) ¥ silver staining2 53] &<l

4) LPS9| biotinylation

1mg LPSE 09 ml9] 0.IM sodium acetate (pH 5.0)%% = 0.1 ml
100mM sodium metaperiodate (ice-cold)E F7}stal 0Tl 30%
B o F&FH oA Oxidazation}8-& AZ. 2 ul glycerol s F7}3}
o ¥ HWE F PBSE AHEsHY dialysisdtis. 0.1 ml 50mM
biotin-LC-hydrazide& W&ol F7}3F £ A2l A 243t ¥k-g-8F 2
PBSE At&-3te] dialysis3td =

SDS-PAGE % western blot

- 15 10°] Biotinylated LPSE 10% polyacrylamide gelE AH-8-3te] 21719 &
(1002, 1A1ZH) % PVDF (0.2um, Inveitrogen) membrane®l] transfer 33 5.
Blocking solution(5% Skim milk, TBST buffer) 22 143t 5t 420l A
HH-3-A1Z1 £ 1:1000 streptavidin/HRP conjugate (Sigma) # 2] 3taL ECL

western blotting detection reagents (Amersham)& AH-&-3te] &1t &

4) MALDI-TOF(Matrix assisted laser desoption/ionization time-of-flight

=]

mass spectrometry) 4]

O

FE% lipid AE 371 chloroform:methanolo]  o]il
trihydroxyacetophenone (THAP)/70% acetonitrile(ACN) matrix<}
112 412 ¥ negative reflector mode®Z MALDI-TOF (Ultraflex III,
Bruker) #4] 395, A& 9 1000 shot, 800-6000 m/zo] ~HEH
< ¥1 33 WHE3IYS. Mass calibration Angitensin II (m/z=
1046.5423), P14R (synthetic protein, m/z= 1533.8582), ACTH
fragment 18-39 (m/z- 2465.1989)& standard 2 AR5} T3Pt H 5.
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1) Colistin 4772 EdY 9 F3y &<

@)

16-17'd SEH A SAke] Y = Ao A E2l8 IH543 E coli
15,2325, K. pnewmoniae 2,642, Acinetobacter spp. 3585, P. aeruginosa
231F % colistin A TFE E cdiol A 155, K pneumoniac®l A 155,
Acinetobacter spp.o| A 1572 S = A5

O Colitin MIC >4 pg/ml] E. coli (155F) 2 K pneunmoniae(155) 5 ¢ 2.2

AA e FEHE o]ty  HAYA T E(minimum  inhibitory
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AHY £48& 37
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F2 A=A FYA UlAde BH o™ ESBL F M A= K pneumoniae 15
(CTX-M-15), E. coli 25+(CTX-M-27, CTX-M-55)°l| A #1111, colistin
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W3 K preumoniae & 25 carbapenemo| = WA S HYoH 17+ 19 1. Colistinid K pneumoniaed 3 % heteroresistance2 2ld #3
KPC25 B3kl 3l3l+
O 859 Colistin WA K pricumoniae| A 5& 2] sequence type (ST)©] <1 2) A 54 24

=918 ST307(2F), STA8(3F) S E3Hahd ST517(15), ST11 (1), ST20
(15). 53] ST307+3 2 carbapenem¥} colistin®l] & Al ol WS B &
O MIC7F Aol t7t A 22 Hoxe AS=E FAHUA

O mear-1 T2 22l
- PCR ¥ sequencing *}™ & 53 mcr-1 (mobile colistin resistance-1)
A2 &< A3 colistin WA 215 (£ coli 1357 2 K pneumoniae
K pneumonize 77E W’ SE population analysis 3% A3 BT 8F)F E. coli 25N A mer-1 A7 BAAE AL (29 2). ma-1 73
colistin heteroresistance 2 &A1= & (L H 1) 2} BolE|x] e colistin A FZY AL T2 989 mar A

(mr2 ~mcrd) 7+ DEA BAZF. mo1 FH FEE GE] F2A

EXIPN =
¥® 3. FY2%0 Y4 #F A #F2e Z3 oA
o Colistin Colistin MIC (RIS)
25 EE ST
MIC (RIS)  Passage0  Passagel Passage2 Passage3 Passaged  Passage5
E16KPNOOTT  Urine 16> (R) 16 (R) 8 (R 8 (R) 8(R) 8 (R 8 R)
E16KPNO0T6  Urine 8 (R 8 (R G 8 (R) 8(R) 4R 4R
E16KPNO027  Urine 16> (R) 8 R G 8 (R) 8 (R) 8 R 8 (R
D16KPN0042  Blood 16> (R) 64 (R) 64 (R) 64 (R) 64 (R) 64 (R) 64 (R)
F16KPN0061 Urine 16> (R) 0.5 (S) 0.5 (S) 0.5 () 0.5(S) 0.5 (S) 0.5 (S) . -
M 1 15 ¢ 2
F16KPNOO79  Urine 8 (R) 169 05(S) 05(S) 05(S) 05(S) 05(S) :‘4‘ ‘1 ':Kr"l' {1k L"‘ lexder)
D16kPNO124  Blood 8 R 05(5) 1) 165 05(S) 05(9) 05(S) T 5 BOOTTECOT
K pneumoniae  A16KPNO145  Urine 16> (R) 05(5) 05 (5) 05 (5) 05 (S) 05(S) 05(S) Baop i 017EC0O122

B16KPNO226 Blood 8 (R) 29 29 29 209 209 2(5) o Posiliva
A0017KP0003  Blood 4R 4R 05(S) 05(S) 05(S) 05(S) 05(S) 4: Negative (DW)
A0017KP0029  Urine 16> (R) 64 (R) 32 (R) 32 (R) 32 (R) 32 (R) 32 (R)
BO017KP0072  Urine 4 (R) 4 (R) 4 (R) 4 (R) 4 (R) 4 (R) 4 (R)
C0017KP0061  Urine 16> (R) 32 (R) 32 (R) 32 (R) 32 (R) 32 (R) 8 (R)
BOO17KP0080  Blood 8 R 05(9) 05(S) 05(S) 05(S) 05(S) 05(S) mcr-1 8 °
B0017KP0081 _ Urine. 8 (R) 8 (R) 4 (R) 4 (R) 4 (R) 8 (R) 4 (R) j_% 2 1 Tr%lx]- Q’ ‘l
A16ECO0007  Urine 4R 8 (R 4R 4R 4R 4R 4R
AT6ECO0136  Urine 4R 4R 29 05(S) 05(S) 05(S) 05(S)
B16ECO0087  Urine 4 (R) 4 (R) 2(S) 2(9) 2(9) 2(S) 2(S)
E16EC00226  Urine 4 (R) 8 (R) 4 (R) 4 (R) 4 (R) 4 (R) 4 (R) ‘63 3L [e) Z o §]-
A16ECO0386  Urine 16> (R) 16 (R) 16 (R) 16 (R) 16 (R) 16 (R) 16 (R) O LPS ]iqi c v % T ‘jx}- Eﬂ— ]
C16ECO0252  Urine 4R 4R 4R 4R 4R 4R 4R = & =
C16ECO0593  Blood 4R 16 (R) 16 (R) 16 (R) 16 (R) 16 R) 16 (R) -LPS 131_?5:]0 i % ‘IT@X}‘ pIIﬂ‘A, pHﬂ‘B ﬂIOPp]KQ ngrB‘ﬂ o] ;o:].o] ?ﬂ' é“’]’

£ col C16ECO0597  Urine 8 (R) 16 ®) 16 (R) 16 (R) 16 (R) 16 (R) 16 (R) = A9 1 AR PO A
ATGECO0811  Urine 4 (R) 8R) 8(®) 8(R) 8(R) 8@ 8(®) mgrBE A| | ¢k two component regulatory systems pr phoPQA
B0017EC0122  Blood 4 (R) 8 (R) 4 (R) 4 (R) 4 (R) 4 (R) 4 (R) = p gtl ry y 4
FOO17EC0063  Urine 4R 4R 4 R) 4R 4R 4R 4 R) 37 == & ¥Wol7} 39 KR isti Al PNELImoni; = =
B0017EC0271  Blood 4 (R) 8 (R) 8 (R) 8 (R) 8 (R) 8 (R) 8 (R) = H — Oq ‘1 e ] ]- Q— LE] 2}\ = COIIStln 1/H °© K cu aeg‘r_ °© 6
BOO17EC0275  Urine 8 (R) 8 (R 8 (R 8 (R) 8 (R 8 (R 8(R = o o 5 ©o. — —
FOOI7ECO104 Urine 4 (R) 8 R 4® ) 8 (R 8 R B8R FollA pore] ¥Wo]7F 85 315 L213M (n=3), A21D and V208L (n=2),
A0017EC0247  Urine 4R 4R 4® 4R 4R 4R 4R = [
A0017EC0374 _ Urine 16> (R) 05 (S) 0.5 (S) 0.5 (S) 0.5 () 05 (S) 0.5 (S) and R256G (n=1). CarbapenemLH *{)‘ ST307 ZﬂToﬂ /H ey WA(A‘LlT),

prrBL213M), phoQ(L30Q) X ] 7} &1 = %1 2 ™, Colistin W4 ST11 ¢



W N OO AsE W N e

NAE 710) 119} EUS prrBR256G)
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¥ 4 1LPS ¥13 ¥4 f3A Ho)
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Strain
C0017KPO061 HA Urine
BOO17KP0O72 HA Urine
BOO17KPO0OS1 HA Urine
E16KPNO027 CA Urine
E16KPNOQ1l  HA Urine
E16KPNOO16 HA Urine
AQ017KP0029 HA Urine
D16KPNOO42 CA Blood
3) MALDI-TOF&
O Lipid A &
- Colistin 754
lipid A = %
25ke] lipid A ¥
. g 2e

1) LPS % ¥4

O LPs & "W
- Hot phenol/water extraction %'#& 53l K pneumoniae25 & /32
4 240l

—

PS

O O 5
-5 %

Rl

3931, silver staing = -3l 4 LPS purity <!

STtype pmrA

5817

307
307

43
48
48
11
20

ipid A W&

= & %9 LIPS =

23+ 3 commassie brilliant blue

A21D?,V280L  ST72L
WT  A21D?,V280L

A21D?,V280L S72L

w1
WT
WT
w1
WwT
WT
WT
WT

WAl K pneumoniae255 9} E. coli 2575 o2
5 A9l MALDI-TOF #4] 8] Fo]w peak Hl 2l &
el o7

Aka M 1 2 3 b) woa M 1 2 3
170 - 170 - =
95 - 95 _ | S—
70 - s = e
56 - 56.- [
43 - 43 - |-
—-—
28- 28 - -
" LPS # 6- e DA™
Coomassie brilliant blue staining Silver staining

1% 3. SDS-PAGE #%l. a) Coomassie brillant blue, b) Silver
staining, M, protein size marker; 1, K pneumamiae
E16KPNO0011; 2, K pneumamiae E16KPNO0016; 3, positive
control LPS (Sigma #14268)

- Qerel W22 9184 Img o o] LPS B2 8. o o] ool npek

FE5E1Ps ¢ SIS 5 24 84 AAF

2) LPSY biotinylation

O et BEF A Bl A3 inputS ¥ S I, selection rounds,
pool assay &°] 7}&3t7] A= ElAe 1A e

O Biotinylation®'# ¢ 7-%- magnetic SA bead® <A pull downol
7hesd

O Biotin-hydrazide coupling ®¥'*H-& 53l biotin-LC-hydrizideE LPS|
inner core 9ol A 02N =3 LPSY biotinylation 3

O Colistin WA K pneumoniae 575 WHEE LIPS FZ31
biotinylation A3 ¥ western blot& 53l &1+ 3 5 (1 4). S &
A& {8l K pneumoniae® E. coli 2| colistin 2= o WA &5 21213

A& S = biotinylation 2138 ¢l (*colistin Ul E cdfi= n-17731A- 21
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HRP-conjugated Streptavidin 56 -
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Oantigen

L e

Outer Core

Inmer Core \‘aicﬂﬂ 1 ' 28 -

Biotin-LC-hydrazide i

1% 4. LPSY biotinylation. 1, K pneumoaniae LPS (Sigma #LA4268);
2, K pneunvniae E16KPN0042 LPS
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O 16/17'd THHY o] AT = AA A 2ed IFSA E ool
15,2325, K pnieumoniae?2,6425, Acinetobacter spp. 3585, P. aeruginosa 231
% % 97 ) %3] 42 o] &-3he] HE B H colistin 4 FFE E coldl
A 135, K pneumoniael A 85, Acinetobacterspp.ol A 152 1= 2

O Colitintd w52 MIC " 9l= 4 pg/mlolA 64 pg/m= SARA=H AL,
colistin W3 E. coli 2504 mer-1 827 A= A5

O MIC7} Aot} 44 F£Fo2 WolxE o2 AW K
peumoniae 7575 T’ 2.2 population analysis 3 23} B colistin
heteroresistance = Q1= &

O Colistin WA K pneumoniae 875 3 2.2 LPS HE AA §-34 pnwrd,
pmrB, phoP, phoQ mgrB WolE &3 A} megrBE AT two
component regulatory systems prmrAB, phoPQe A g 7l = of ] Wo]7}
Q1= . Colistin WA K pneumoniae8F & 654 pmrB2] ¥ o7} &
591S; L213M (n=3), A2ID and V208L (n=2), and R256G (n=1).
CarbapenemWA  ST307 2TFolXE  pmrA(A41T), prBL213M),
PhoQL30Q)H 0] 7} B2l 5] 9l eH, Colistin A ST11 TFol A& 71&2)
B39} 5L pnrBR256G) ¥ o) 7} 2= A2

O Lipid A B £4& 93} colistin 4 L W3] K preunoniae255

o} E coli25F5 1’4 2. 2 lipid A % % MALDI-TOF #4 2185
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tHe
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o Aptamer =& 9ot LPS |* Colistin LYgFt H=dFE MFY
s 50 LPS U LipidA =& 100
T= « LPS2| biotinylation
A3 QFNLEH HIF Al FHA
O Colistin WA#F B A& 27| A&t WY /IS 95 75
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A4d =AM 2 AL B

O BEF Ul B A% AACE Aok Fus}
3w 9E. AAE ARTUAE 5 BEIte] AT AEol
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A5% F8 AT WAAR A7 A7 AY 43 U
O Fo A7 WA (2018. 5. 30.) 9
- R, olRE A F (1)XPE= o3H| HALS@0o18HE)
O AT7H WY WA (2018. 8. 2) M= MEEE O k4 A Thol
- AFEEN] 250004 e, AFAu]-A) 86 25,0008 S = 200,000| 116,274 83,728
g e
O A7l WY WA (2018. 10. 25) b oy 51735 0 51,735
o (i S S
- AT AN 1,0008 Y 7, A7 A5 1,008 Z 2| et
ral 4K |ZE(320-03):
| it gt 26,174 0 26,174
&7 77,909 0 77,909
A6 F8 A7 A4 TR X Al
| o
Y BT == Xizu | =SS B2y 92,591 92,023 569
MK B - _ -
surEg Ax (BN | H: | SN | EYE® AHE A
SCi =2/0{H| - - _
=g Hisci x| 480 2 $58 B - -
R R g | Avassl 7|enEEsy| 1,000 200 800
(=1 3 L| =]
=i U 1 100 1 100 100 I PIESTYNPY
7|E sig0| = 26,000 22,229 3,771
A ! 100 ! 100 100 oL SR L] 1,500 1,080 420
2| oA 5lASK|H| 1,000 742 258
24 122,091 116,274 5,818
- et 2| - - -
H
Hl 27 - - -
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A FAA+
N MZ gl sk Ol Z4H|
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Mutations of pmrAB and phoPQ related with colistin
resistance in Klebsiella pneumonia clinical isolates
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Cewision of Antimicrotisl Rasiancs, Cenfer for nleclious (Rssases Ressarch, Netional Inatiue of Healh, Kores Conlers far Disease Gomnol
end Prevention, Chetriu, Reputic of Koma

! Cobisin is one of the antibiotics of las resor for the wesmens of cardag tunt Klebsiella e, Colistdn
resisnce is by the alteration of bactenst outer membeane L5 with the adkdition of L-Ara4-N and PEIN malecules, These airer
atioms are medured by amBCALTER cperon and poorHFITRIM operon, In thes study, we ansbmed the mutssons of the genes
Imvodved in megaaion of bath operons.

W Colistin-resstnar K. proumonize:stmins: were collocted from Koo GLASS from 2006 10 2017, The minimum inhibisicy
erneeriration (MIC) was determined by broth-micen dilution method sccording 1o the €181 The mutatioes s the regulio:
genes elated rocolistin redstance (mgrB; proca, prorB, phoP, phol)) were amalyzed wsing POR and sequencing and compared
with sequences of 15 calistin-susceptibie strins;

FRE OF L2 K, poecmonise g, § staing were résimant 1o coligin, which had 2 MIC range of 464 pgaiml Thes
stming fepresented fve squence types: ST1L (=10, ST20 (n=1). ST48 (n=3), ST307 (n=2), ared ST517 (n=1}, Both stins of
STI07 strudns weme resisart to-carbaperem, Colisun resismnce mor-d gene was ool found Inany of the isalies, OF 8 simins,
G straing hael amieo ackd substitotions ar pooeBs L2130 (n=3), AZI0 and V20EL =2}, und R2%6C (n=1), Sevem! sulstnmsons
wete also identified i phoP (57210 and phoy (130Q) geres, Also, Both stralns of STAH7 were identified same mottions at
POrALAATT), prwBiiZian) and ptﬂ;\u_‘JJQ). All steains did aot shows any substindon in mgrd,

FE: The comibénation af the varoos autthons fuight have Jad 1o colistin reistance, which suggests that cortinuoos montior-
ing of the molenuby mechamisms & weoqred, And ulso, forther studies are needed 10 evaluaes the conrbution of thes matzons
to the caliin resisance,

AT pmeAR, phoP, 195, olisin, I poesmomie
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