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Penicillin binding protein 2 (PBP 2)dA}¢l pend A&
53 PBP 2 ofn|wAl AME 3 8UHAE #AESI, I F
PBP 2 XXIV¥ (GenBank accession number FJ465093)<

ol BRENN wAHA e Mz Folch BzTo

A% PBP 2 XIVES 7HA 2 Az, AdT F 1 FolAs
PBP 2 Extola (X)¥o] ¥wAFIT PBP 2 EAlola S

N

FA ol B3tk cefixime MICE 0.5 pg/mlZ 74 =94t}

<

mtrRe 79 txTolAeE B¢ MuReHo] A=A
AT F 44F oA = promoter G E o HHol|Y}, 2Fo A=
mitrR ORF 2] o] (Ala39Thr, Leud7Pro)7} &2 At}
porBel 7% Uz 1FE A9t 2= w57F 1019, 1029
AR NA obm it A S BT ponASl B9 HETolAM =
Eddol7  WAHA EFRi AFTE F 4454
Leud421Pro®] ofr|i=Ail A gho] #Z vt Z12fu ponAQl
ol frf-ol we}t cephalosporinel gk A Ask Aol
zol= AT A piAe] EdWol = WA okt

w ATFAM pend EAClA @ WolE Il #FE
cephalosporin, 53] ZAT% AA (cefixime)o] T %2
WAS Bt a8y Exfol3 o] old pend WHolE 7HH

TFE mrR, porB % ponAel #AA vEde I 1R
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(http://stat.cdc.go.kr/Index_List.aspx)

2001 18,52071l14, 2004 10,845 1, 20074 3,11571o=
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Al 7P anERl dAlE Fodte] exg= Aolth. 3A
A2 penicillin GE EFT A8 T Al FFHdo=R
A 5ol olglgol Ao, ZHols vAl WA Yol F7Fske

5 = ol A Ao =dd Fhlel=
oy Qg<Ec] #AHHAT BE A5 Aol =dsta 4w
1T Aol AdHEA olEs T A GASe]  FAL
e S Zerh B3 X850 AHEHE FuAlE AAG
Aegst= zlo] T3 o= 4
UAdol 5718 7ol E7] wWiEelth?

IWol A= 19799 penicillinase A4 F  (penicillinase-
producing Neisseria gonorrhoeae, PPNG)7} &#Hd o]Z,
1990d el §43] F7kste] I W& 1991-1992d oF 50%°1A
19994 ¢k 849%71A F71elA 1 o]2 Qdl penicillin GE U
#ael ABAR AE3E7] ofF@A HAth’ Fluoroquinolone

-] ol ™ol A, Qo AsER FFHM, AT



Fol7} sbsstes 3ol 9lo1M, PPNGS 57} ol % U7 @9l

N

AgAZ 94y AFEEHAT. 28y 19949 fluoroquinolone®l

ool AstE Qwol Azz nuHYL el o kol

ki

S JE7HAE BaE e 2004d0] & SV ®Ha

oL

Hio|  oJ3tH  Zulof A EEl¥= Y9 fluoroquinolone Ul/d
Ag Bad® o]FE FA3 Frhste], 20009 FHE 19079
A F 1727 (90%)7} fluoroquinolone®] 3+ =& UAdo=
ZWe] fluoroquinolone WAel Azdds & AU

Fluoroquinolone Ao thst WA oo %= AZtste], v

A5 AF A ofrlop Bl W= H A oA AT A ol
i3l fluoroquinolone&  AF&3FA]  Hil, ceftriaxone E&
cefiximes A4 A& AFEAHY
3, ceftriaxone2 A  3AM|W  cephalosporin @Al o] H
Fiol flato] HEAolofAd et Aol =A< ofAloly
FARAERE Abgo] Zhssitte ©do]l Qlth 1991 Handsfield

1o oo 7" 333 ®Ho s faow ATE

=
e}

—

flo

cefiximes HFo W& 3} ZLFE  ceftriaxoned Fof W

gxtte] A5 aFHE v alste], cefixime©] ceftriaxoned &<

L

s &

il
AL
y

il (R Z&; cefixime 400 mg, 96%; cefixime



800 mg, 98%; ceftriaxone, 98%), TAFAIS] EAT o] glo] 139
AT FAR s AST F Asg Bl 18y cefixime
Ab&ol F7F Rl wet Aol AstdE Aol dEAM A
BaE gk ?  Cefiximeol dlg #44d  Ast Aol AS
penicillin-binding protein (PBP) 2 fH A1 penA2]l 27|14 EollA
A TFY BE xpolE B9, 23]8 transpeptidase P
A5= W& Neisseria spp.?l @71 Ld= % FARSEAHL
o] 3 penA FHAAe] Woli= TE Nesisseria @59 penA 47}
49" Aoz, mato]la & Wo] (mosaicism)® HaLE ¢loh '
2005 Ito & cefiximed #FEAol Add TEFES
do 2 penAd @U7INEE A5, PBP 2 ofv|iil A Fo
ek 107H4 @& Baskgith o] & X¥& Exfola @ Wolqlal,

UeiA - IXEe mApol= & W]k byl thE Fe] wo

52
ot
|

X8 mutation selectiono] 23+ Aoz AZEY FEHoOZ
3457} 346W olw|x=4lE Alololl aspartic acid9] Yol AN
transpeptidase g% C 2 ofujiil 7ol Wspfo] Z4z)
gtk 2 % Whiley 50 137F4 & F7Fdo2 Ha 3o
2374 & (I - XXIDe] Hx k. 2006 Tanaka 5 '

ceftriaxone®l] Aol AstA dFolA penA, mitrR, porB 2

il

ponA A EAWMOlE XS HAstH I, o]F Lindberg %%

BN |



cephalosporin A A8} pendA, mirR, porB 2 ponA A=}
¥ A (genetic polymorphism)?] A#A L H s o)
2 ATFelAE AT F8 AGeA 2001dFEH 2007d Apolo
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L Algddd 45

2001 —-20073° A= 109 709 o573} A Loy std 4

i
e
[JII,
i
>
M
AC)
s
=1
B
=
H
o1
=

2 42 GARAEO A 8
Aol AAF HAzA FEEH EFAY oA Ade
TREAT. A BB E Y3 AEEjR = modified Thayer—Martin
%]  (BBL, Becton-Dickinson, Cockeysville, MD, USA)Z

AREEEAAL, #F AL AEA Wi, ool mEkd AdEskd
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7}, 3 3 A9 (Agar dilution method)

of
y
fz
r
£Y
N
il
B

dl

=3

ot

Aol HFsto] FxdA oA 35T,
24—48A17F wjeFst 3 Mueller-Hinton brotholl #Egsle] 10
CFU/mLo2  3A3s9tt. GC  agar base (BBL) 1%

hemoglobin®} 1% IsoVitaleX (BBL)E #H7lslx, wFAH

ol
S~

qAom kol FFAL wol M w4 F4Y FE} HES

o,

r‘
filo

e Al penicillin G (Sigma Chemical Co., St.
Luis, MO, USA), cefixime (FoFA|%F, A=), ceftriaxone (FH7] ok,
Aq&)s AFEsiATh AlEREFAE  Steers' replicator  (Craft
Machine Inc., Woodline, PA, USA)E o]&3sto] wA]of| FHFsha
35C, 5% COy @27l 24413 vk F Aol 54 dZaoirh

Aol FAe 9ds

d

AAA 7 FHAe] FEE HaAAlEE
(minimal inhibitory concentration, MIC)® A3}tS Tt A3}
Ae#YE YA N gonorrhoeae ATCC 49226 79

AR et

1}, B-lactamase A G



PPNG7} 94 5+ o5+ chromogenic cephalosporin 21
cefinase Y23 (BBL)E Algste], =gMo] Aoz Wt

P oz HAHA

3. penA AR A
penAsHAA+E=  cephalosporin®l A o Astd T
(ceftriaxone B+ cefixime MIC 0.12 pg/ml ©]%) 5057 5 A4dH

A5 A3 4659 cephalosporind] =2 A4S H

rO
)
BN
A

274 EAHMAT #3=Es dasRTol BA F 1083t
2o 287F 13,000 rpme= EA B A 1 uE
template = AH&3 T PBP 29| ofn| il Adg £49817] 934
penA A AAE 3FFLE yFol A7t primer setE
AFEEFITE (Table 1). 1U9] 7ag DNA polymerase’} £°1%+&
PreMix (Bioneer, <)ol A5 1 ul, 20 pmol® primer Z}7} 1
ul, 575 17 plg 37kl % 20 pl& Master Cycler gradient
5331 (Eppendorf, Hamburg, Germany)E A}&3e] PCRS
A3t (Table 2). PCR Abe& 7719 § 2zt primer sete]

Akl g7]9] PCR 4= DNA extraction kit2 AFg3le] F=3H
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4. mtrR, ponA, porB 2 pilQ A A

Cephalosporin®l Z<F4el Astd oF 4659 dxd 255

WO 2 mtrR, ponA, porB 2 pilQ FRAAE EA3YHTH F=3H
DNAT mtrR, ponA, porB 2 pilQ F+3xe] EdWo] 4S5 93

2819t} (Table 1, 2).

il
M

PCR& A33 & A7 E=

5. Nucleotide sequence accession number

PBP 2 XXIVHE H33}5t= pend 42 97144 (accession
number FJ465093), £¢d MR ©9& ¥-35388 = mork 44
d71M<E  (FJ465094), M= opm=it  Ag (Ala39Thr,
Leud7Pro)& 2t MtrR @& F538k= murk +34 97142
(FJ465095)2  GenBank nucleotide sequence database©l

S=39ic,

11



Table 1. Primers used for PCR amplification and sequencing of

the penA, mtrK, ponA, porB and pil¢) genes

Primer Nucleotide sequence (5' to 3") Reference
penA-Al  CGGGCAATACCTTTATGGTGGAAC 13
penA-B1  AACCTTCCTGACCTTTGCCGTC 13
penA-A2  AAAACGCCATTACCCGATGGG 13
penA-B2  TAATGCCGCGCACATCCAAAG 13
penA-A3  GCCGTAACCGATATGATCGA 13
penA-B3  CGTTGATACTCGGATTAAGACG 13
mtrk-F GCCAATCAACAGGCATTCTTA 32
mtrk-R GTTGGAACAACGCGTCAAAC 32
ponA-F GAGAAAATGGGGGAGGACCG 32
ponA-R GGCTGCCGCATTGCCTGAAC 32
porB-F CCGGCCTGCTTAAATTTCTTA 17
porB-R TATTAGAATTTGTGGCGCAG 17
GenBank

pile)-F CGTTACGCCGAACATCACG
No. AE004969

GenBank
pilQ)-R TGACCGAAACTGAACGGACTG
No. AE004969

12



Table 2. PCR conditions for penA, mtrR, ponA, porB and pil&)

gene amplication

Target Pre-denaturation Denaturation Annealing Extension
penA-Al 95T, 2 min 95T, 1 min 58C, 1 min 72T 1 min
penA-A2 95T, 2 min 95T, 1 min 56C, 1 min 72T 1 min
penA-A3 95T, 2 min 95T, 1 min 52C, 1 min 72T 1 min
mtriR 94C, 5 min 947, 30 s 50C,30s 72T 30s
porB 94C, 5 min 94T, 30 s 46TC,30s 72T 1 min
ponA 94C, 5 min 94T, 30 s 56TC,30s 72T 30s
prlQ 94°C, 5 min 94T, 30 s 52C,30s 72T 30s
. 23

A 208F T cefixime? MIC7F 0.12 pg/ml o] 4oz ZHFAl 9]
Astd @ 435 A o] MIC 0.5 ng/ml o]/de] WA
o= 157 9t Ceftriaxoneol] Aol As (MIC 0.12 pg/ml

o’hE #F = 307 i wigrd (MIC 0.5 pg/ml °]78)

rr

o T
AT}t Cefixime Y ceftriaxoneo] Aol AstdH HF

|

13



50FoltaL, F Al FAlel #4Adel Astd TF7F BAkTH

P
e

o
o

1 Astd w59 HE&e EEdRel mE ZEbA

8.3—34.9% 9t} (Table 3). B-lactamaseE XA st= oF

e
I
I

50F (24%)o|l 3L 475+ penicillin MIC7} 16 pg/ml o)Al 1%

W wmolth

Table 3. Proportion of N. gonorrhoeae isolates with decreased

susceptibility to cephalosporins

Year No. of No. (%) of isolates
1solates with decreased

susceptibility!

2001 24 2(8.3)

2002 22 7 (31.8)
2003 24 2(8.3)

2004 20 5(25.0)
2005 21 3(14.3)
2006 43 15 (34.9)
2007 54 16 (29.6)
Total 208 50 (24.0)

ICefixime or ceftriaxone MIC = 0.12 ug/ml.

14



2. PBP 2 ofu] =2k A&

B o= PBP 2 oluxAl Ad & 87kA 7 wAE QT

T

(Table 4). PBP 2 oAl HE &8 Ito 573, Whiley 5'o]
oMol Hst BFo waktl, XMFPo] 28FoA WAoo 7F

weokal, W9 95, V¥ 45 oldth XXIVEE & A9

oft

1704 AL FAFAE XXIVEL 7]E9] Ve FAFSIA L,
551" A o}m|:=4bo] prolineol A serineoZ X 3hd
ZFolgitt, BExlolm ¥ wWoll XFL  cefiximeol| HEFAL
15o A A= ATk

Cephalosporin®l o] E4d zxd 25+ XIVH & 7Hth

B Ao wE PBP 2 o] Aol= At (Figure 1).

15



Table 4. Amino acid substitutions identified in PBP 2 of the N. gonorrhoeae strains

PBP 2 amino acid substitution in

No. of

Patterns . 345D

isolates sl 501A 504F 510A 512N 516A 541H 542G 545G 549A 551P 552P 555K 5561 5661 574A
Y% 4 D L v G . g . . . . ) . v NV
X? 1 - L \Y% Y . N . S T : Y Q Y Y NV
XIII 28 D Y% L \% G S
XVII 1 D \Y% L \% G S . . : : . : \% NV
XXIV 1 D . L \% G S . . S : . : \% NV

Insertion of a single aspartic acid codon between Arg345 and Asp346.
’Mosaic pattern.
A, alanine; F, phenylalanine; N, asparagine; H, histidine; G, glycine; P, praline; K, lysine; I, isoleucine; D, aspartic

acid; L, leucine; V, valine; S, serine; Y, tyrosine; T, threonine; Q, glutamate

16
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Figure 1. Frequency of the PBP 2 patterns according to isolation sites. The pattern XIII was the most

common. No relation was found between PBP 2 patterns and isolation sites.
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Penicillin G

>128 [E o
128 [
F =V
64 ;]
32 [z mX
E sm XN
S 4 [ .
L X
2 E [ g2 e Y | 5
| XIV
05 FZIX] B XVII
0.25 £A O XXIV
0 5 10 15 20 25
No. isolate:
Ceftriaxone Cefixime
0.25 [TFIF 0 h
r 0.25 [ eEEE
- 0.12 P | = o012 T E =n
0.06 [FZ 7 0.06 A W FE
r 0.03 &
<0.008 (5 <0.008 [%4
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No. isolates No. isolates

Figure 2. MICs of penicillin G, ceftriaxone, and cefixime for the N. gonorrhoeae clinical isolates with

various patterns of PBP 2 alterations.
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3.PBP 2 ol 4t NG 3 Al A

PBP 2 ol W& MICO X & Figure 20 YERATH XIVH &
7 tizwel A9 oe & w5l HlE penicillin (0.5 pg/mb),
cefixime (=£0.008 pg/mD% ceftriaxone (=£0.008 pg/mle] MIC7}
stokth Xd ol matola g5 7R 5ol Wigk penicillin MIC (8
ng/mhe 4% v #FEC g MICO el T A& o3l
I8y cefixime¥} ceftriaxone?] MICE 0.5 pg/mlet 0.25
ng/mlz oE J& 7zl 7z gFEel vlE =Tk U A IV, Vv,
XI, XI, XVI % XXIVE< 7F1 #F5°] & penicillin,
cefixime % ceftriaxone?] MIC HY+= A= H|Z5HA #3E35H]

=4 F3 MICE d#A7I7]I= o8 A

4. mtrR, ponA, porB 2 pilQ +AA TFA

FAR EAS A3 48F F 445X mirR promoter?] -
103 -35 971 A4 Abolol  #Ag 13-bp HWIF wHE
Adelael shte] @71 (A/De AdE HY (Table 5).
U A 45F 25 E murk ORF W] obn| =it X3+ (Ala39Thr,
Leud7Pro)S HAth 83 UM 2575 dEzRTo= 41719
o] ito 2 o] Rolzl B4 MuR wo] AT PorBo
A 48F T WL 1FE AL 47FlA 10184 ofr| st
Glyet 10294 ofw| =4k Ala®] %5 AT 5 AU diks<d
425+ Glyl0lLys, Alal02Asp?] o}n| = 3}
Gly101Lys, Alal02Asn, YHA 2F= Glyl0lAsn, Alal02Asp,
aga & FE Glyl0lLlys, Alal02Gly9] opvlicat X2 BT

PonA9] 7d¢ 48F T WET 275 X33 475 AQslaes BF

[
T
tlo
f
S
k]
\]
N
rlr
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Table 5. Polymorphisms of penA, mtrR, ponA, porB and pil&)

Isolates BL MIC (ng/mL) Polymorphismsin
no. PEN  Cefixime CRO penA ponA mtrR porB pilQ
1 - 0.25 <0.008 <0.008 XIV WT truncated MtrR WT, WT WT
2 - 0.5 <0.008 <0.008 XIV WT truncated MtrR G101K, A102D WT
3 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
4 + >128 0.125 0.06 X1 WT Deletion of A G101K, A102D WT
5 + 128 0.125 0.06 X1 L421P A39T, L47P G101K, A102D WT
6 - 4 0.125 0.125 X1 L421P Deletion of A G101K, A102D WT
7 - 4 0.125 0.125 X1 L421P Deletion of A G101K, A102N  WT
8 + 32 0.125 0.06 Wl L421P A39T, L47P G101K, A102D WT
9 - 4 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
10 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
11 2 0.125 0.125 XXIV  L421P Deletion of A G101K, A102D WT
12 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
13 - 2 0.125 0.125 X1 L421P Deletion of A G101K, A102D WT
14 + 32 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
15 + 32 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
16 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102N  WT
17 - 8 0.5 0.25 X L421P Deletion of A G101K, A102D WT
18 - 1 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
19 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
20 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
21 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
22 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
23 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
24 - 2 0.125 0.06 X1 L421P Deletion of A G101K, A102D WT
25 2 0.125 0.125 X1 L421P Deletion of A G101K, A102D WT
26 - 1 0.125 0.125 X1 L421P Deletion of A G101K, A102G  WT
27 - 2 0.06 0.125 XIl L421P Deletion of A G101K, A102D WT
28 + 128 0.25 0.125 [\ L421P Deletion of A G101K, A102D WT
29 - 0.5 0.25 0.125 X1 L421P Deletion of A G101K, A102D WT
30 + >128 0.25 0.25 [\ L421P Deletion of A G101K, A102D WT
31 - 2 0.06 0.125 \% L421P Deletion of A G101K, A102D WT
32 - 4 0.25 0.25 \% L421P Deletion of A G101K, A102D WT
33 - 2 0.125 0.125 \% L421P Deletion of A G101K, A102D WT
34 - 4 0.125 0.125 \Y% L421P Deletion of A G101K, A102D WT
35 - 2 0.25 0.25 X1 L421P Deletion of A G101K, A102D WT
36 + 128 0.125 0.125 [\ L421P Deletion of A G101K, A102D WT
37 - 2 0.25 0.125 X1 L421P Deletion of A G101K, A102D WT
38 - 2 0.125 0.125 XVII L421P Deletion of A GI101IN, A102D WT
39 + 64 0.06 0.125 \Y% L421P Deletion of A G101K, A102D WT
40 + 128 0.25 0.125 \Y% L421P Deletion of A G101K, A102D WT
41 - 1 0.125 0.125 X1 L421P Deletion of A G101K, A102D WT
42 - 1 0.06 0.125 X1 L421P Deletion of A G101K, A102D WT
43 - 1 0.06 0.125 X1 L421P Deletion of A G101K, A102D WT
44 + 128 0.125 0.125 [\ L421P Deletion of A G101K, A102D WT
45 - 2 0.25 0.25 \Y% L421P Deletion of A G101IN, A102D WT
46 - 1 0.06 0.125 X1 WT Deletion of A G101K, A102D WT
47 - 4 0.06 0.125 \Y% L421P Deletion of A G101K, A102D WT
48 - 2 0.03 0.125 \Y L421P Deletion of A G101K, A102D WT

PEN, penicillin; CRO, ceftriaxone; BL, B-lactamase; WT, wild type.
Amino acid abbreviations: see Table 4.
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Iv. 13

Cephalosporin®] W3t A2 74A Asl+= penA, mirR, porB
2 ponA TR GPdAZH A#AH A= Aol HE
Bus AT penAd fFAALe] wWol: 271 oz yehd F
A=d, sttes Exolm g wWo]l (PBP 2 mosaicism)o]al, T2
Ship= 345W ¥ 346W olu =k Alo]o A aspartic acid A}
A 578 Wele] ofmxAk 7|7 xgE Wololth olF penA
ARl EApolA @ Wel7t cephalosporin, 53] 378 AAI
cefiximeol] ©dt <A Adle]l FQ&t}t. Takahata S'%&
A W APS T, EAfold F penAE F537 w5l thE
ceftriaxone MICE &5 ol nls] 4w F7}5 wHA cefixime
MICE 164] S7Fstl & B arstqlth. 18y Eajol =
gk ol thgh cefixime MIC7F 473 EE] 5ol tig MICHH=
] =& AL ofHolN A RIF
e Astes UEWT] fsiAde FHE 1A Aol

20 Ao YA

& penAE

g5
A

ofr

Penicillin®] @A WAl penA, mtrR, porB 2 ponA At
ool godttis AL oju] Bol AFHALY pend fr7l Aol
Bol7b WAEH PBP 29 penicillin A3 o] graEo] A9
penicillin WA o] Zolx Al At 221 pond 42 Wo]lE PBP
19] 421 WA ofr|x=2Fo] prolineol A leucinel® X 3&™H B-
lactamA| 9] acylationgo] Solx Aol FEAL"Y mur F4=
Hol2&= MurCDE & JZAY Edo] F7heo] a4

erythromycin, azithromycin %2  rifampicin S° WHA9]
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kAT * Penicillinel WA Aol E marR ORF Wol
AWol & promoter®] -10 ¥ -35 A7IAE Atele] 13 bp
AHek wkE A9 99X (inverted repeat position)ol] 1709 4714

Eol RIHAY porB FAAL] WolE Glylol3}
Alal02 YAolA  olux=AF X 3to] HHAIEH  penicillin®}
tetracyclines X4 FdAol o F3h oz Aol fdn
porB rdzke] Wol& Qg U2 merkel ok dlido] &
FH o2 WS FT7MIICEYTY EE pilQ EAWlE penA,
mtrR B porB EQAWol7} ol f5H Ao ULl WA=
T/ Y OPIQE AEH THE FAsE 4TE Fhv,
ol B3 FAVE MEEAUYRE S "ok Ed¥olE Astd
PIQE &3t Aol F37 ad 45, ol S7HE + Ak
a8y piQ EQAWol= ofF A FeFolA #EE o] glon
A4 dJFoA ApEFer B =dWol vl HIH
ZgEjolct,

Ceftriaxone W/del tigh o] F3x ohgdAdel 9IS 20069
Tanaka S0 93] xS B 15t} Lindberg 5198 BAlo]3 3
penA FAA WHolE 7l FFEo Wg  cefixime MICE
0.19-0.38 pg/mlE ©& pend A7 WolE 7 w550 gt
MIC (0.032—-0.094 pg/mDET FU4S Hiasr. £
ATolAM= 15 who] EApolA & pend FAAE 7HAAL U9,

o]d AFEM Hu® PBP 2 X3} olmxit AHID
-

°

AR5t 2atola & penA & N. perflava, N. cinerea 59
U2 Nessseria 152 FHAF ME& FEHOZ 7HR 3 Yoy

e FE B A4 ARGl A% Ao AAHAT )

of
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adFol = ERFola & penA Qo mtrR, porB L ponA HH A}
EdWolx A HAFHST o] #Fo 3t cefixime MICE= 0.5

png/ml=z ©E #FEH vustd M 2 fe BloH
A3 cefiximeol B2 o] STk

&, ceftriaxone®l W& T Aske] A5, BEAbola @ penA
HolZ 7hd #Fo] 3k ceftriaxone MICE 0.25 pg/mlzZ o
penA WolE 7k #FEo] gk MIC (0.06—0.25 pg/ml) HHel
EAHATY. olAeE  mFo]  Exold @ pend Wole
ceftriaxone B Th=  cefiximeol] Wig+ A AHsld o Fa3
842 AZErh AZ Whiley 379 AFolAE 2ol 3
penA WolE 7FA a1 AA T ceftriaxone MIC7} <0.008 pg/ml <1
57 BT o] #F9] A EAtola @ ofu|A Aol
7]Eo] Had Xgo] ofd 2L XXIIPoIAA T ceftriaxone?]
= Hel FHo] Holaith

T3k B AFoA & FHY pend Wolet muR, porB 2
ponA FAZ =AWolE 71 45F9] W3k cefixime MICE
0.03—-0.25 pg/mlelglet. o] F 7FE A9 387 dist
cefixime MIC7} 0.12 pg/ml—0.25 pg/mlZ EA}ola 3 WolE
7FA #5205 pg/ml Bk kAR Lindberg 5'°0] ®Haidh
Rztola 3 wWo| o dig MIC ZA¥ (0.19-0.38 pg/mbhet
vl =okolth. WeEbA penA AR EAtela @ woliEwt ofuz}
e IO penA w3 Wolk thE ol #H {3z Wolet
FHkE A9 cefiximeo] w3 7 2

Aom 7R

i}

= ] 5 2= [e]
H 752 7 A=

o,
o
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PBP 29| oinjx=it Ad P& old AFEolA 23771 B
HAE M B AFeAE 87k PBP 27F wAHAL, 1 F
XXIVE 2 old Hioxes HAHZA e AHELRE FolUrh
Cephalosporin®] #/do] =8| dixzTte] 44 oldd HiH
XIVEs 7FAa Adfla, @A Biad #50] thgh ceftriaxone
MICE =0.008 pg/ml2 2 A+ &

Nz 259 AF ponA FAAC] EdwWol= A HZA
gorom mirk AR = promoter G2 WHo|7} old 81X
A 97 Go 2AdE A% A% stop codon HAOE 417
of=to g TAHE B dlo] FAH= Wolrt AEA
a3y MtrRe 242 promoter @ Go] WHolHTh Al WA
n = gdo] At BaH At o] AL muR promoter G99
Wols mtrR 3 mtrC wAAe] Al BF @3Fs F7] WEo=

AL ATt mirR promoter®t mirC promoter?] Y= A=

=
AX =" wWol& &l mirR promoter? RNA polymerase]
Aste ZasAR, a9 dbE maC promoter?t  RNA

polymerase®] AL Z7}dte]  mreRe]  AAE A F A9
EY9H0® murCDESl AAE S7kg 97l wEoeh® &
ATl A= cephaloporindl ZAde] E=dE xRt Eobd
MtrR — ©#o] AL Aol Adtd AATLEANAM=

promoter §¢] Wol7k BAHo] o] AT AN AwAN
=
=
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sddolol  o% mirCDES] HAtxHo] A Ak Fa
1o w AZHAT. stARE A8k MtrR @ o] Ak 15|
Aeir= o B2 d77F Z8F AoE AAdr dxad F
150 A9 Gly101Lys, Alal02Asp ofu| =%k WHolE Ao 7= porB
FAA AWt BAEJ AL, o] #FE HE WHx #FEGH
penicillin MIC (0.5 pg/ml vs. 0.25 ng/mD)7} 25 &%
Cephalosporinell Aol Astd 467 5
PonA®H 2] Leud21Pro®] ofmxit Ags WAL = 9l
3

mtrRe 7% 46F F 44FNAH mtrR promoter

A 4 Adal, UmA 2FolMH= murRk ORF e o]z}
A=Y, o)Ade Rud Glyd5AspZF obd A2 Ala39Thr,

Leud7Pro EWol7t BAFH A porB fFAAEA M= T4
AsE Kl 46F EF7F 1019, 1029 olv]izite] EdAwWolE
ZFA AL QAT 4157F Glyl101Lys, Alal02Aspe] ofv] =ik %3S
257} Gly101Lys, Alal02Asn A&, 18]al 3 F++ Glyl01Lys,
Alal02Gly®] A3 BTk Tl yw A 2504 = o] Hol
BauH ZHo] gl MEE Glyl0lAsn, AlalO2Asp o}u| =ik 2] 3}o]
DA A" pend, mirk R porB Azl EAWolE BT
M3 JE dFEANA ponAd AWl -5+ cephalosporin®]
A Astel s FA FUTh I plQ FAA EAW]
(Gly666Lys)= EAHA Uttt PilQe pore F4 ©io=
Zg-sk Byl olye} type 1V pilusel AgAdol= #oldh ! Pilie
S 7] wiEol pilQ EAWol7F A

o]
-
EFoIA BATHE A2 oleE o BaH
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Penicillin®] 1% WAl pendA, mtrR, porB 2 ponA°l A=A}
t@ddol #ogit= A olm & delx vk Penicillin
WA HE Zg] cephalosporin . WA  #FHEHE R Ee
ATFEodAE Ay #H TS P PETE BAola @ penA
Wol7b Fo Aol 53 EAolA @ pendt BTE
cephalosporin® 74 Aol FQ3HA AZE AT

2 dATFolA EAola ¥ penAd =dWolE Il HdFE
cefiximeol 7F¢ & Wids Welldth 22y BExlola g o
old penA WolE 7V HAFEE mirR, porB 2 ponA F+AA
1 oofuet B8 AA (cefixime)ol

__(’)_
Rl e vdt 5o Zaed AstE JERAT

N
>~
ol
2,
{E
d

2000 =HFEE U9 fluoroquinolone WA o= Q1S
cephalosporin &4 Al Abgo]l F7Fgt Iule] A E st
Y7t 2 cephalosporin @wrAl WA FEH A Ad V1de
T8k T
Cephalosporin®] 7Aoo

Sl

4 =2 dF+ penA, mtrR, porB, ponA
pilQ AR & t

el WolZb iAWY Aot #Ade] Astd
TF9 tUE Fee EdHolE HYTE Cefiximeo] B AFAQA
1FolARE BExlol3 § pendAs EAT + A1 yHA D54
AstE B #FES UE FHEY pend WolE JHA AL UATH
B2ol3 8 penA EAWolE A FF7) cefiximed] 7HE =&
Wde EAAR Exfola o] old pend WolE 7H #FER
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mtrR, porB B ponA w3AA TEEE FUE A FARAERT
oftgl F78& AA (cefixime)ol 4 AHshE HA + ag=s &
5 AAdT. A penA, mtrR, porB 2 ponA AR EdWol7}
cephalosporin WAl o= AE 7|ddE &= A= ¢ ATt

9% AoE AZHUk.
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Abstract

Prevalence and mechanism of reduced susceptibility to

cephalosporin of Neisseria gonorrhoeae in Korea

Sang—-Guk Lee

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Kyungwon Lee)

The options for the effective treatment of MNeisseria
gonorrhoeae infections have been significantly reduced
over time by the emergence and spread of gonococcl
resistant to the penicillins, tetracyclines, and quinolone
groups of antibiotics. Cephalosporin antibiotics are now the
mainstay of treatment in many settings. Therefore, the
surveillance of cephalosporin resistance is required.

We undertook the primary isolation of N. gonorrhoeae
from clinical samples from sexually transmitted disease
clinics and public heath centers during 2001-2007.

Antimicrobial susceptibility was determined by agar dilution
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method in randomly selected 208 isolates. Among these, 46
(22.1%) isolates with decreased susceptibility to
cephalosporins and two highly susceptible isolates
(controls) were tested for penA, mtrR, porB, ponA, and pilQ
polymorphisms.

In present study, eight patterns in amino acid sequence of
penicillin binding protein 2 (PBP 2) were found, and one of
them was new one (XXIV). We found mosaic PBP 2 in only
one isolate, and this exhibited the increased cefixime MIC
(0.5 pg/ml). In mtrR gene analysis, control isolates had
incomplete MtrR protein. In contrast, the isolates with
reduced susceptibility to cephalosporins had deletions in
promoter region (44 isolates) or point mutations (Ala39Thr,
Leu47Pro) within mtrR ORF (2 isolates). All isolates except
one control isolate had two amino acid substitutions at 101
and 102 position of PorB. Control isolates had no mutation
in ponA gene. The isolates with reduced susceptibility had
Leud421Pro 1in PonA except two 1solates. However,
cephalosporin susceptibility was not different between
1solates with ponA mutation and without the mutation if
other genetic polymorphisms were same. In addition, pi/Q)
mutation was not detected in all isolates tested.

In present study, the isolate with mosaic penA showed
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the highest resistance to cephalosporins, especially to oral
cefixime. However, the isolates with other type of penA
mutation can exhibit reduced susceptibility to both oral and
injectable cephalosporins when accompanied by mirR, porB,

ponA polymorphisms.

Key words: Neisseria gonorrhoeae, penA, mtrR, porB, ponA,

pil6), mosaic, cephalosporin, reduced susceptibility
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