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Fig. 1. Bayes tree based on 16S rRNA genes.
Staphylococci started colonizing mammals about 250 million years ago, and started co-
evolution with them. The S. aureus group established themselves as the colonizers of pri-
mates. The original mecA gene is identified on the chromosome of an animal conmmensal
staphylococci. Practically identical copy of mecA gene complex carried by the SCCmec
was identified on the chromosome of a lately sequenced staphylococcal species S. fleuret-
tii. S. fleurettii is one of the oldest staphylococcal species of sciuri group.

Table 1. S.aureusis a department store of toxins

TSST-1: a super-antigen causing toxic shock syndrome
Enterotoxins: causing food poisoning

Exfoliative (Epidermolytic) toxin-A, B:
causing Staphylococcal Scalded Skin Syndrome (SSSS), destroying the skin tissue

Haemolysin: destroying erythrocytes; a-toxin, ff-toxin (sphingomyelinase)
y-toxin (Hlg2, LukF)

Leukocidin; destroying phagocytes, the first-line defense of our body
Others: coagulase, clumping factor, causing agglutination of blood;

protein A to evade the attack of immunoglobulin;
proteinase, DNase, lipase, to destroy the infected tissue.

CH 5 O HERRIE 1960 F IR S N2 Wk A& D T,
MRSA & A F ¥ ¥ OEFRMEH LA 2 S 742 L T 7z
EEZONDL RV R ED B-F 7 ¥ AREOIEM
FER= ) YA ®EAE (penicilin-binding protein ;
PBP) & IFiZ T2 Ml BE 5% Tdh 5. MRSA
(&, PBP OWEHLOWENFMDOS DEFRZL->TEY,
NV VREHE LIS Ve TOR 7 PBP I3,
mecA L% ENTBATIZa— FENTW 5 PBP2 (&
%\ 3 PBP2a) Tdh 5. mecA L, WEYE DNA (mobile
genetic element) T & 5 Staphylococcal cassette chro-
mosome mec (SCCmec) |2 & - T 7 v ERAHE ] Tz &
Fig. 2. Skillful exchange of genetic information helps S. aureus "% (Fig.5).

S.aureus is skilled in acquiring foreign genes by using plasmids SCCrmec & mecA DFEHLO MR T T D & mecR1,
and bacteriophages. Penicillin resistance was introduced into §. mecl, 71ty PGB AR ZEEHE (cassette chromo-
aureus by a plasmid carrying blaZ gene that encodes penicillinase. some recombinase) # I — N3 5% &{5T ccrA, ccrB & &

chromosome

antibiotic resistance genes I

to become multiply resistant.
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Fig. 3. Development of multi-drug resistance phenotype of S. aureus since the advent of modern che-
motherapy.

S. aureus continued to acquire antibiotic resistance and caused world-wide outbreak in the past 70

years. Recent examples of the epidemic strains are:

CA-MRSA (community-associated MRSA), LA-MRSA, (livestock-associated MRSA), VISA (vancomycin-

intermediated S. aureus), VRSA (vancomycin-resistant S. aureus), etc.

1940 Introductlon of penicillin G j
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¢ mec gene
complex
1960 Synthesis of Penicillinase-resistant ff-lactam
s
(C,ﬁFM Fig. 5. The structure of SCCmec.
o) ethoxy group - ) o ;
N - Methicillin-resistance gene mecA is introduced into S. aureus by
. ':”“]]'Ili LS. CH staphylococcal cassette chromosome mec (SCCmec). Mec gene
0 1\'1.“ /I“J‘*CHB 1961 Emergence of MRSA complex is composed of mecA and its regulator genes mecRI and
o ;';-., -0~ Na* mecl. The ccr gene complex encodes cassette chromosome re-
Methicillin 0" combinases.

Fig. 4. Fighting back to penicillin-resistant . aureus.
Methicillin is a chemically modified penicillin G. Two methoxy

groups were introduced that protected the f-lactam ring from Staphylococcus fleurettii ® et AR F A mecA SRR X h
inactivation by penicillinase until 1960s when MRSA appeared - il T R e BRI O YA 112 20\ mecA SEHE T2,
that resist all the f-lactam antibiotics. 9 1@ 5 TIAEN DT % BB A L7 = & 2% B

ZOHHILTD X ) IZHNTE %0 S.sciuri 7V —"7F

RS 57 R Mo, WHABY~OF LKD)

(ZAFAES o Cer (2 & o T SCCmec 1&, Btk H8)) L7z § 5 L FEBERIEIIERICAERT 2= ) ViER

M, MREEOGmRICHEA SN S, WICLBWBIZBEING L Brolze TD28, mecA %W
II.  mec A EZTDHERE %k L%y, ThUBRICHE L8 7 MY 3kE%

mecA DHIRIZEI L CTIE, BUERTIC Tsubakishita 52° &4 7 FYIRRIBER D 5 mecA 3Pk L7zo L L, S
HOEPIZTHETRVEFETH 72" Fig. LITT FYEK fleurettii H3RFF L TV 72 mecA 13, R= ) VigtE & v )
WORMER L THH, BANSHIE L7227 Ry ERE o JUHIHREE b 5 72 mobile DNA 'SCCmec’ & L TIA <
Wi 27 )V — 7 Staphylococcus sciuri group (ZJ& 3 A WAL 7 N IRWIEIZ5A L7z
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Fig. 6. The antimicrobial effect of vancomycin on hetero-VISA.
Hetero-VISA strain Mu3 (MIC = 2 mg/L) contains substantial number of resistant cells within its
cellular population that resist antimicrobial activity of vancomycin. It is also noted that a certain
cell subpopulation of a vancomycin-susceptible strain 87/20 is still viable after 5 days exposure to
10 mg/L of vancomycin (From THE LANCET Infectious Diseases 2001 Oct 1: 147-55). The num-
bers are concentrations of vancomycin in the medium in mg/L.
8 IV. /A>3%4 > (vancomycin ; VCM) (&
s 7 %i% T MRSA [ZH#)H 2
PR — MRSA RHAE 12 %1 5 5 85— HUEIE VCM. Clinical
_E 5 \\ \Q and Laboratory Standards Institute &, VCM @ MIC
S 4 s - iy -
£ . \ \_} Mu3 L\ =2 pug/mL OWHKE [E&M], 4~8ug/mL ORK%E
5 \ o, e [RRIBPE ], =16 pg/mL ORbkE [HHE ] & 5 LT
: ¥\‘\ H1 U\O\o \O\n %68S. aureus FDA209P (37 7 ERH 7225, 3 ug/mL TL
1 -
FDA209P o DRH %5241 HIHITE 2, MRSA b 3 ug/mL ® VCM

o 1 2 3 4 5 6 7 8 9 10 11 12 13
Vancomycin concentration (mg/L)

Fig. 7. Three categories in the mode of vancomycin susceptibil-
ity in 8. aureus clinical strains.

S. aureus clinical strains are classified into one of the three cate-
gories based on the mode of vancomycin susceptibility: VSSA,
hetero-VISA, and VISA represented by FDA209P and H1, Mu3,
and Mu50, respectively. High level of vancomycin resistance is
observed as vancomycin-resistant S. aureus (VRSA) that carry
vanA gene which was horizontally transferred from vancomycin-
resistant enterococci (VRE). However, VRSA is rarely found in the
world.

W, mecB X mecC &\ 9 mecA LMW OMREE AT
LN, 7 3 7 BRI PBP 25 s 7Y B X £
SEEAELIET 7 w7 BRI 0 Je#l T 5 Macrococcus g B
PERE LTV mecB &, b5 ¥ ARV & LT plasmid
RYARITHRAL LT 7228, 7 R EREE R ICIE R &
NTwuzw, Billo7 FYERFERFESZORMTH S
Macrococcus &, BRBEHICIAAES % B—F 7 7 2 R 3EpEE
WAL HEZH#ET 572012, 2hH0 -5 7 % Alittk
BETEboTwWhtEZLND,

WINTZDOREWHITE LEKELGE V. LA L, MRSA
I VCM I A F T it ¥ & XN 5 H #k (hetero-
VISA ; hVISA), 23F# 9 %o hVISA ® VCM IZ%5 %
MIC fliiZ=<2 ug/mL LV TH % 28, &2k (VSSA) &
R bBH) %R o ZORFEHRAD Mu3 TH %, Mu3 % &
FEE o VOM REAA S TRAEL, BN 2 R
DEAL%E Fig. 6 (/R L7z 10° cfu/mL #fi§ 5 &, a2 v
b E—v & L7-PU IR SR Tl 24 W R #1234 5
LCTwb, —%, VCM ® MIC Zi## 2 % 25 ug/mL f#1¢
T2 REEOEKIZI Y ba—ILd 1/10 Th 5 73,
Z DBITHAEEN S 5 MIC O 25 15D 5 ug/mL f#1E
TTH3HH2SHML, REMWICITHEZINZ N
72\, Mu3 @ Population 7 % 17 9 &, 4~6 ug/mL
THIAFoau=—=23 ML, 9ug/mL ® VCM EHE T
L1005 10 HfEEau=—2 BT 2 (Fig. 7).
COMMERBBHEZ, V77 Y ST AR
MBI 1100 L R L CO RHETH 5, RIADHET
13, MRSA 1 hVISA 1% 6.05% (99,042 ¥k ), VISA &
301% (68,792 ki) & 3N Twa,
V. VISA D VCM it X H =X L

Mu3 @ & 9 7 hVISA #£iZ VCM THEHFT 5 &, ik

FICIEEHEIC VISA & 2 b 2D AN = A L1 VCM
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Fig. 8. Strategy of 8. aureus to resist vancomycin (Modified from reference 9).

Ingenious mechanism of S. aureus to evade VCM attack reflects the unique mode of action of VCM. 10®
CFU/mL of §. aureus cells having different levels of cell-wall thickness were inoculated in the medium con-
taining 30 ug/mL of VCM. VCM was quickly adsorbed to the cell-wall peptidoglycan (PG) of the S. aureus
cells. The growth arrest was temporary, and the cells started to grow as the concentration of VCM de-

clined below the MIC value of the strain.

Solid lines, growth curves; dotted lines, concentrations of VCM in the growth medium.

Table 2. The mutations underlying the hetero-VISA to VISA phenotypic conversion conversion —every VISA is unique!~—

The number

hVISA strain of mutations The nun'lber Mutated gene (The number signifies the orf Number of Mu3 genome [SAHV_#] 1)
(van MIC mg/L) of strains
per genome
Mu3gruR* 3) 4 1 [444 1286 1898 1980]
2 4 [12 rpoA] [rplL rpoB*1]  [rpoB*2 2006] [fmtC atpA]
1 2 rpoB*3 rpsU
Mu3fdh2* (3) 2 2 [rpoB*4 recA] [ansA cmk* 1]
1 8 372 cmk*2  rpoB*5  tarO*1 tarA rpoC cmk*3  tarO*2
Mus3 (2) 3 2 /506 1747 1906] [1031 opuD tcad]
2 2 933 potD] [197 1760* 1]
1 6 1760*2 2101 tarO*3 cmk* 4 cmk™*5 256
Mu3p27 £ (3) 2 3 [capP ebhA fmtB] [purR pbpa*1 sigA]
1 15 cmk*6  pbp4*2 1392 612 rpoB*6  rpoB*7 walK pykA
741 1209 trpC ureD cmk*7 256 gtaB
Total 45

T Frequently affected genes

1, R503H; 2, S746Y; 3,T480M; 4,Q1069E; 5, R406S; 6, G540V; 7, A1085V
1,K71IN; 2, G129V; 3,1128N; 4, A20G; 5, A24V; 6, -13 base; 7, G201V

rpoB* 7 times

cmk* 7 times

tarO* 3 times 1,P94L; 2, F205L; 3, G169R
pbpa* 2 times 1, Y65stop; 2, S140N
SAHV_1760* 2 times 1,S2511; 2,W200C

*signifies that the gene is mutated

} This parent strain possessed 5 mutations: tarG, alr, 1545, 2804, 1983-1984

DEFEI R VEHB T 2 M F I - 725 0T, FEROIME
AW AL EF o5 B L 5TWAEY, VCM X, Rl
1A 2% 72 D 600 J5 i o> 1 AR 9 %2 Ml BE IS PR AT L T w
o LA L, SOMEMEERIC VCM 234 LT H MR Ak
WCHEE2S5 25281300, L L, MliBECHEA LR
VCM Mg ic Hit £ 0 (clogging) # 4 L, VCM
AN REE 2l L CEOEHBENTH LT F K7 ) 7
YOREEMBTHH AL VB —FTHRETE %L
T27 ZOX)BRROMER ML TRL 2 EH S
non-vital target, & %\ 1% pseudo-target (5D ¥ — 4 >
8 EIFEN TV S, ERo A = X401, ik

R HERE EOERO VCM KT 2 &2 % ik
THLEWHSLTH DY,

10° cfu/mL OB Z HERE L 72720 TH 2 30 ug/
mL T®H > 72 VCM D BE 7 #2125 @ 15 ug/mL
W9 5 (Fig. 8) o 2i11E% < @ VCM MM M Fe o A
JURE RS - W SRR TH D, BERFHPEL %
&, VCM ZHE SN, il OREIZIKT§ 5, &
WRE TS TRIZ S 5 &, FEBRIC VISA il ke
&, BRMERR E R 5 R L T 5 1R 7 PBP Off)
EICX 2 EEEOM BRI X b MR T R 2R
ENb. —F, LGB TERISIIZEE O W) H i
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Table 3. Nybomycin resistance is caused by reverse mutation of quinolone-resistant S. aureus Mu50'*)
plate No No. of cells Appearance Mu50 and MIC (mg/L) AA in QRDR of
colonies plated rate mutants LVEX NYB ParC GyrA
Mu50 8 0.25 Ser80—>Phe Ser84—>Leu
1 1 7.20E + 10 1.39E— 11 DN2-01 1 32 Ser80—>Phe Leu84—>Ser
2 0 7.60E + 10 0 - - - -
3 2 5.00E + 10 4.00E — 11 DN2 - 03 1 32 Ser80—>Phe Leu84—>Ser
4 1 5.70E + 10 1.75E— 11 DN2 — 04 1 16 Ser80—>Phe Leu84—>Ser
5 0 8.30E + 10 0 - - - -
6 0 1.20E + 11 0 - - - -
7 0 1.00E +11 0 - — — —
8 0 7.60E + 10 0 - - -
9 10 6.60E + 10 1.53E—10 DN2 - 09 1 32 Ser80—>Phe Leu84—>Ser
10 1 7.30E + 10 1.38E—11 DN2—-10 1 32 Ser80—>Phe Leu84—>Ser

LVFX: levofloxacin, NYB: nybomycin

RT3 %25, VCM O &N TH S D-T 7 = -
D-7 7 = Y SHIBE NS %0 2D X HITVISA I
(&, mecA O X 9 HEFN I TEALHFIZLE R v, &E
VISA %% hVISA 7 5 85 Ok W oo B & i L
T100 FFREEDOEVHECHET 200252 L%
HiyE LT VCM T Mu3 75 VISA %##IRL, HE L7
45 Bk VISA O &7 ) AEREH) % e L 72", Table
2 FDEERLIZA, AEF20 B FICER LD
Too BEAREZ LT, VISA 45 BRIZTRTRL 5 E T
BB DNIEOMAEDEEFL TNz, 2O En
5 VISA D HBLIZB W THETFEROMAE b ILE
BRICH B2 Lnd, @H O 100 508 Cld w25 H 3
[BYARE S ¥ (W
VI. VCM 22 &z FEE

Mu3 %5 VISA 25 B9 5 B2, 20 D573 % @5 T
CEEDER S NTzo rpoB, cmk, tarO, tarL, tarA, pbp4
% EORREVH L 2R ERTFICOERIRDO LN,
pbpd (&, X7 F K7V F » D cross-linking % i@fb. 9 % 4
BHELETHY, ZHRIZI) ZORENMET T 5, TOf
R, BEEEIMNT T 5 72 0MBBREND VCM O & &
DEMLUCHEEOAAEL, VEMHEES LA T 5 L
EROND, WL T FYRBOREIAAET S5 1 TR
&, RTF T EIGEOMETER I NS, L
BoT, ¥4 AFROEGHEFEHIIH I NG LXTFF
7Ny OEEESEML, MlBEDIE S S omk
YY) IV OAEEHGREEE D cytidylate kinase T, #
DEYWTHDHCDPIZT A ORI ULIETH b,
tarO, tarL, tarA\ZHE U B ERSFEHEDO A =X LT
VCM T PEIZBE G4 % RS L5 pykA [ SFRRER R0
BrA\CEHE % pyruvate kinase £ WIHEEFE 22— FL T
Who pykA DVER LT EORERIEEMET 5 &, B
U UBRIMKT 525, AAFIT ) —VELE VR
WY %, 20720, KEOFAFL ) —VELVE VR
i¥, UDP-N-acetylglucosamine enolpyruuvate & 72 1), X
TF 7)Y OEEHRIER S, #RWICATF

TN EERO AN L RNA RY) AT —EDY
Ta=y &2 I— 35 rpoB, rpoC 7 E13 5 4 TREK
TG THEE AR, EHEICE RN L T DY (Table
2)o RNA K1) * 7 —EDBIAFI2HE L7248 1d, mRNA
DFJNY — v 2B S8, EViluRE 2 43 5 48
KEZOL VT EEZOND, LA T, #HaT K
TERH O RNA R X 5 —VI2A U LRI04
TR RE Y D o 72Z R (Regulatory mutation) TH 5 &
EZbhb,
VI REROMEEFEEEICHTT

MRSA 12 & % HAEEGE % fEFZIZIHHE T X 2 Pum 3¢
1, BEICBWTHEIE L 2V, W3 70 0 bfiED
JER S, FA72 B A A HPOREEISR L C b IR X
VFHBT 2 2 2%A, Lo, MHEE O
ZEFEL, MR LTl IME N 26T 5 iR
FRRTAVEDND L. ERO X ) PR D R D,
NFE DA DHT A SFEAE L 720 T, MR LChus
NERTHREEWEDFIEL TV EEZON5, 22
TH2 H I HBEME A S MRSA WCHR R tEw Y %
A7) == 7 L7z #2000 #kD M OB 2O
A7) == 795, 10 BRALEE, VISA #k Mu50 12053
LW 2T WAL L7z A REZ EIT, £
D5 HD 121, Mub0 IZHL 1% /R L7228, S. aureus
FDA209P 1213 F o 72K R E RS o 720 ), Th
1 MRSA (ZHFRIICH R YIRS & & 2 7225, (L hl
WERELZEZA, BAOPRREETHLF AR~ AL ¥
~ (nybomycin : NYB) TH - 72", ZDHBDOWHFEHN S,
NYB 3% /7 1 ViR IZ IR W) 2R 928, ¥/ 1
VIEEMEWICIERI R AR E LW LS L 572,
NYB 25B58 & 1172 1950 4RI 7 1 ik A3 R &
EhoTuhhrolzlzw, HIRMEOMED % o7z &
Zz25N5b, Mus0 (NYB @ MIC : 025 ug/mL) % #Hikk
& LCNYBiif W (MIC:32ug/mL) % B3 L C
levofloxacin (LVFX) @ MIC #t#9 % &, 8 ug/mL
25 1pug/mLIIET LTWwie Zh 5Dk DNA
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Table 4. Nybomycin and apigenin as Reverse Antibiotics against Quinolone-resistant S. aureus
Strain Ctiteefzzisf AA substition * MICs (mg/L) T
ParC GyrA NFLX OFLX LVFX CPFX TFLX SPFX NYB API
NCTC8325 MSSA w w 1 0.25 0.125 0.25 <0.06 0.125 >64 >128
FDA 209P MSSA A w 0.25 0.125 <0.06 0.125 <0.06 <0.06 64 128
N315 preMRSA w w 1 0.25 0.125 0.25 <0.06 <0.06 64 >128
Mu50 VISA Ser80Phe  Ser84Leu 128 16 8 32 >128 16 0.25 4
VRS1 VRSA Ser80Phe  Ser84Leu >128 32 16 128 4 8 0.125 4
HIP07920 VISA Glu84Lys  Ser84Leu 16 16 8 16 4 16 0.25 4
HIP5836 (NJ) VISA Ser80Tyr  Ser84Leu 128 64 8 16 32 32 0.5 2
HIP07930 VISA Ile45Met,  Ser84Leu 16 16 8 16 16 16 0.25 4
Ser80Phe
NRS118 VISA Ser80Phe,  Ser84Leu 128 64 32 32 >128 32 0.25 4
Ser81Pro
VRS3a VRSA Ser80Tyr,  Ser84Leu 128 32 16 64 >128 16 0.125 2
Glu84Lys
HIP09662 VISA Ser80Phe,  Ser84Leu 64 32 32 32 >128 16 1 4
Glu84Gly
VRS5 VRSA Ser80Tyr,  Ser84Leu >128 64 32 >128 >128 16 <0.06 2
Glu84Gly
HIP09143 VISA Ser80Phe,  Ser84Leu >128 64 32 64 >128 16 0.25 2
Glu84Lys
VRS4 VRSA Ser80Tyr,  Ser84Leu, >128 >128 >128 >128 >128 >128  <0.06 2
Glu84Gly  Glu88Lys
KSA36 MRSA Ser80Tyr Ser84Leu, >128 >128 >128 128 >128 128 <0.06 0.5
Glu88Gly
KBSA72 MRSA Ser80Tyr,  Ser84Leu, >128 >128 >128 128 >128 128 <0.06 0.5
Glu84Lys  Glu88Gly
KBSA56 MRSA Ser80Tyr,  Ser84Leu, 128 >128 >128 64 >128 >128  <0.06 0.5
Glu84val  Glu88Gly

MIC, minimum inhibitory concentration; NFLX, norfloxacin; OFLX, ofloxacin; LVFX, levofloxacin; CPFX, ciprofloxacin; TFLX, tosufloxacin;

SPFX, sparfloxacin; NYB, nybomycin; API, apigenin
* ‘w’ stands for wild type (identical to those of strain FDA209P)
T MICs <4 mg/L are in bold

gyrase A subunit ® ¥ / 1 Y ik i (QRDR) O 7
I BRECHNEIBL L 22T AR R TIC R a Ui ICE
BRBERTHLAFOTAL T yH ) VIZEIEINRT
W72 (Table 3)o &4 NYB it t# Tlx, DNA gyrase
A subunit @ QRDR (24 U T W 7ziif kb o 720 o 25 5
WEIRZESR (back mutation & %\ & reverse mutation)
12 & D &R DNA gyrase A subunit IZE->722 & %
BT 5, NYB OFIERM 5, JuliiEE oIt -
TR LT HE T 55, ZOMPER~OR I L
T, REBRTVA 7 AN—ICRDB BN D 5. #T2
HIZ, NYB D X9 % WE A2 AT 5 I3 %2 SR IUAEDE
(reverse antibiotic : RA) & &4 L7z Table 4 1271
7 5 K~ (flavone) {bL&EW TdH 5 7 ¥4 = ~ (apigenin :

API) b/ 0 VildARIC RA & LCOPETEEZ A L
T\ 5%, Table4 2 DNA gyrase A & topoisomerase IV
® QRDR O 7 3/ FRiE AL FAM P 2358 72 2 T #R D FE A

RS VMR BRE ARG % 7R L 720 QRDR ICER DSR2V F
0 2 EMERRIE NYB 38 X OV APT 2o LTtk 27§, L
7L, QRDRIZ1I~4TO7 I/ BBERERZETSHF
J o YRR L Cid, NYB B X OF AP @ MIC (3%
ETH B, WO LMWEATH L7 7K 1%, FH
R A L 72 IR, S896 820 5 BB % 57 % (UV protec-
tion) @ ER7-LizeE25N5Y, —J, Z O,

Ky & RIS — T - 72/ K 1%, API 22 L OHH
EHEEATE 7 IR VIBREIN TV L EZI LN,

TR 104 FEF O 7 T R ¥ FFEAROPUR TG & < T A
% &, API & 10 HilC RA TEMEDSHERR S N7z 2D 2

Lo, MBI 4 EAERTCHE A EA S 5 7 T 8 V120
W2 BRTH72010, BERARLEEZEZ OGN TVS

DNA gyrase, topoisomerase IV ® QRDR #1511 722
EORBENS, —J, F0RBIIH L TRMEE R
T7 IR VEHERICH L C AT 2 o v Rz g
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Table 5. J-RAl has a potent antibacterial activity against multi-drug-resistant S. aureus clinical strains in the world

QRDR AA substition T in Name of the  Category of MIC (mg/L) *
ParC GyrA strain the strain VCM MPIPC J-RA1 STFX LVFX NYB

w w NCTC8325 MSSA 1 1 0.125 <0.06 0.125 >64

w w N315 pre-MRSA 0.5 32 0.25 <0.06 0.125 64

w w FDA209P MSSA 0.5 <0.06 0.25 <0.06 <0.06 64

Ser80 — Phe Ser84 — Leu VRS1 VRSA >128 >128 <0.06 0.5 16 0.125

Ser80 — Phe, Glu84 — Lys Ser84 — Leu HIP09143 VISA 4 >128 <0.06 2 32 0.25

Ser80 — Phe, Glu84 — Gly Ser84 — Leu HIP09662 VISA 4 >128 0.125 1 32 1

Ser80 — Phe, Ser81 — Pro Ser84 — Leu NRS118 VISA 8 >128 <0.06 0.5 32 0.25

Ser80 — Tyr, Glu84 — Gly Ser84 — Leu, VRS4 VRSA >128 32 0.125 4 >128 0.125
Glu88 — Lys

Glu84 — Lys Ser84 — Leu HIP07920 VISA 4 128 <0.06 0.25 8 0.25

Ser80 — Tyr Ser84 — Leu NJ VISA 8 64 <0.06 0.5 8 0.5

Ser80 — Tyr Ser84 — Leu, KSA36 MRSA (VS) 1 >128 <006 8 >128 <0.06
Glu88 — Gly

Ser80 —* Tyr, Glu84 — Lys Ser84 — Leu VRS3a VRSA >128 128 <0.06 0.5 16 0.125

Ser80 — Tyr, Glu84 — Lys Ser84 — Leu, KBSA72 MRSA (VS) 1 128 <0.06 8 >128 <0.06
Gluss — Gly

Ser80 — Tyr, Glu84 — Gly Ser84 — Leu VRS5 VRSA >128 128 <0.06 1 3% <0.06

Ser80 — Tyr, Glu84 — Val Ser84 — Leu, KBSA56 MRSA (VS) 1 128 <0.06 2 >128 <0.06
Glu88 — Gly

Ile45 — Met, Ser80 — Phe Ser84 — Leu HIP07930 VISA 4 32 <0.06 0.25 16 0.25

T ‘W’ stands for wild type (identical to those of strain FDA209P)
*VCM, vancomycin; MPIPC, oxacillin; STFX; sitafloxacin; LVFX, levofloxacin; NYB, nybomycin
MIC values equal to or smaller than 1 are highlighted (in yellow).

GyrA(wt)/GyrB(wt) ) GyrA(S84L)/GyrB(wt)

Concentration of FRA1 (mg/L)

0 0.008 0.016 0.03 0.06 0.13 025 0.5 1 2 0 0.0080.016 0.03 0.06 0.13 0.25 0.5

A A
1C50 1C50
N, nicked DNA; L, linear(cleaved double strand), S, supercoiled (substrate plasmid DNA)

wild-type GyrA GyrA (Ser84 Leu)

Levofloxacin
Nybomycin

Fig. 9. Nybomycin-derivative compound J-RA1 has a strong inhibitory activity against both wild-type

and quinolone-insensitive DNA gyrase of S. aureus.

(A) IC50 of J-RA1 against the wild-type gyrase was 0.25 ug/mL, whereas that against QRDR-mutated gy-
rase [with gyrA (S84 L) | was 0.06 ug/mL, which corresponded well with the MIC values of the strains; 0.25
ug/mL and < 0.06 ug/mL, respectively. (B) Comparison of IC50 (ug/mL) of NYB and LVFX (Cleavage As-
say) Quinolone antibiotic levofloxacin (LVFX) acts on wild-type gyrA4 but not on the mutated gyrA. Oppo-

site correlation was observed in IC50 values between nybomycin (NYB) and LVFX.
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L, BRI LB cs /o ViR B Lz, =
DI HERRIE, AEERT O 7 T8 VB ICH .0 DNA
gyrase, topoisomerase & fHIFEFEIZL > TN R L 72
LEZONDL, Thbb, /70 rREIIT7 TRV
MIZH$T2RATHDZ LIRS,
7z HIE NYB OIL AR A QAT 5 2 L2 o Th
IR H Rz bW ORI3E%Z BIE L T\ %75 Tableb
IZRT JRAL IZZD—2T, ¥/ 10 v R L I
L CMP ISR LT X D BRWHR ) 7R3 BRIARIC
WS4 E s & 4 S 7z VISA % VRSA % & 3 % 5l
PR O %R 2121%, ¥ 78592~ (sitafloxacin ;
STFX) x4 %, MIC #°2~8 ug/mL O WD FAET
5o — F, JRALIZ STFX fi} ¥ #k 1 xF 3 % MIC iX
<0.06~0.125 ug/mL LMl TH 5. T4bH J-RAL I,
FoourRELMMMREREZALTEY, F/00%
L EF MECGIT IS AR T F o 3R & GE
DEWIMEH T EZ 2R WIFRE S L5, J-RAL OEH
M, ¥ 1o v K3 L [E U DNA gyrase & topoisom-
erase IV T& % %5 QRDR \ZMif 125 2 2 4+ 5 DNA gy-
rase (2 LT X DERWEHAMEZ A L Tw5b (Fig. 9).
SESELPIRIELMHT 5 & UIRMICTRPER 25 3L
525 RA Z W CHIBLL 2R I1L, 7 0 v R¥En
ED L) A OPIREIIH T 2 EZEEEHET 50
T, ZRIMEALLIZCSTER EEZ LN S, 19K, RA
DAFE LRI L > THRE LR OEMERTDH %
[KEDHZ > Z JZ2HL, HRRONT P AZHST
L AR TEDL EEZ LTV 5,
E
AFDONEILE 63 [l H AL A REF R R A THREL
Too RFEHOEEZ WPV IRAREOBPHIKSFEFE
JEGe A G D R NER, ARHOT % LT
722N T2 RGP R R AT 2 - JREHhE N7 Rl D [
HE—#0%, 2L T, BERICHL, 27 FN\f 2%
W2z RINERK, BB —BRIEHT 2.
ARWFFEIE, SCERRFEAE FAN R ARG T FE BT i 5
P (PR 24~29 4 S1201013), B X, EZAFSER
FEEN HARBE ST ZE B R (2 & % B S iR e i i -
BIEAR A SR (PR 27~29 4, DNW-14027) 12X D
I N,
FIEAKECHE  BETREb 0L L,
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The mechanism of vancomycin resistance in VISA and
the role of reverse antibiotic (RA)
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Anti-bacterial chemotherapy of the last century has greatly contributed to the welfare and prolongation
human life by conquering the threat of bacterial infection. However, in 21st century, we started to notice the
rise of antimicrobial resistance in the pathogenic bacteria causing infection refractory to chemotherapy.
That trend suppressed the motivation of pharmaceutical companies to develop new antimicrobial agents.
However, it is important to regard the resistance emergence is an inevitable result since resistance has been
a phenomenon existent since much before the rise of humans on the earth. Given this, it is necessary for us to
raise antimicrobials against antibiotic-resistant pathogens. We re-discovered a natural antibacterial sub-
stance called nybomycin by screening the soil bacterial culture, which exhibited potent antimicrobial activ-
ity against quinolone-resistant bacteria but poor activity against quinolone-susceptible bacteria. Although at
a very low frequency, bacteria do produce nybomycin-resistant mutants. However, we found that the resis-
tant mutants carried a reverse mutation in a codon of gyrA gene encoding DNA gyrase subunit A, which
cured the bacteria of quinolone resistance. We designated nybomycin reverse antibiotic(RA). We expect that
this discovery of new genre of antibiotic class in nature would lead to revitalization of chemotherapy.



