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. ZAFIfE (antimicrobial resistance : AMR) @
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40, AMR (H § o> 23 et A R AR U L ok 5
HRERBERLELTHRIOND X)) I12R 72,
WHO 1% 2011 FE 0 LR 7 — 128 VT AMR &
By k7,
Today, No Cure Tomorrow 7% X vt—3T%
FEL, BEEMHEKIZTAVA - 7 Ta—F 28D
W R BB A D LEM R R A 2. WEA
S VEREOHE S, O F T AT I
Lawe$ b e, 2050 4F 121 AR T AMR 12
W3 % 36H KA 1,000 AN & RSB % £
SEDFRDPEEENTVE Y, ZOBBISKIGT
5K, 2016 4R GT HREGEEEY I v M TIH IR
FR T O e SR E LBEE LT AMR A5G
M, SED LT AMR FEIZE) f#lde 2 &8
BREINSZY, INEZTTC, bDOETIE A

“Antimicrobial Resistance : No Action

% (AMR) W37 27> a > 750" PEEINS
omc, (1) & - #F5, (2) B - B,
(3) G Fh - BH, (DU HIOBIEMER, (5)
Wrgehass - gldE, (6) EBEHII, @6 D052
LTABRERBTREFHEP T LOOLNTWEY,

THPER &1, TERARMTH o 723 F IR & 7% -
TR 2\, 20 BEBOMEEO K AR

% o2 b D% —MRIZEHIMERE & 15, FURSE
RIS L ER BV 2B T 22z 5T b
DIFFEMDEBY TH Lo 2013 4F 1 KB R K
Yy =1, AT AMEEORBICEINELSD S
AMR ICBE#E$ 2 15 OEBZE LR E 2 52 L Tw
9, bbb, JUAM)IFATA (FBA D
VUL T A T4 T, AN R AT N
FME AHAE (carbapenem-resistant Enterobacteri-
aceae : CRE), ZHIM kG, ZHMHLET > & b
Ny — diftEr v¥anNy y— qitthkh vV,
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Table 1. Substances discovered and launched by the Institute of Microbial Chemistry
Origin
Semi- . . .
Substance Nature . Use Producing microorganism
synthesis
1 Kanamycin O Antibacterial chemotherapeutic drug  Streptomyces kanamyceticus
2 Bekanamycin (Kanamycin B) O Antibacterial chemotherapeutic drug  Streptomyces kanamyceticus
3 Bleomycin O Anticancer chemotherapeutic drug Streptomyces verticillus
4 Kasugamycin O Agrochemical for rice blast disease Streptomyces kasugaensis
5 Josamycin @) Antibacterial chemotherapeutic drug  Streptomyces narbonensis
6 Dibekacin (Panimycin®) O Antibacterial chemotherapeutic drug
7  Peplomycin O Anticancer chemotherapeutic drug Streptomyces verticillus
8  Aclarubicin (Aclacinomycin A) @) Anticancer chemotherapeutic drug Streptomyces galilaeus
9  Ubenimex (Bestatin®) O Anticancer chemotherapeutic drug Streptomyces oliboreticuli
10  Pirarubicin (Therarubicin®) O Anticancer chemotherapeutic drug
11 Tylvalosin (Aivlosin®) O Antibacterial veterinary medicine
12 Arbekacin (Habekacin®) O Antibacterial chemotherapeutic drug
13 Gusperimus (15-Deoxyspergualin) O Immunosuppressive agent Bacillus laterosporus
14  Tildipirosin (Zuprevo®) O Antibacterial veterinary medicine

FELERL -5 7 & ~ — L REE G AT A B, N
vav AT VT EREKR (vancomycin-resistant en-
terococci : VRE), ZHIMVERRIRE, W%+ )V E &
T, WEF 7 AR, WHARRE, 27 Stk
7 K EE  (methicillinresistant  Staphylococ-
cus aureus : MRSA), MPEMi2ERIE, % HIM A
#E  (multidrug-resistant tuberculosis : MDR-TB)
Thh, 77 2BEEIFEELD EEZHO TS,
7z, 2017 4F121E WHO 2Bt W D B JE 12 B W
TEAU» S VERNER 120 ) 2 M 20O T
NFELTze ZUIE LR CRE 2 &2z T, #r
722z g AuxA Y Uit anNs sy — - ¥
JETYED) VA Y7 VT RN S
HEOFEP BB R hoTWB" E LT "H
RO X 2 AR ORBSOLEN" 25 L
TWwaY,

L2 LE&7%250 AMRIZHHILL 9 % PuisAE s
DHIFERISED 5135  OEEDST TICHER L THY
ZDOFBIARIED /N T T4 VHHE L TET
WELONWBIRTH B, ZoEmE LT, (1) s
PR, (2) HERAWEE, (3) BIESY -7 b -
TR ROBEELWEE, (1) kRO 7 a—3vl
R EOHHPETOENT WD, RRWIZEGSE, »°
Ao, EBRILE OGHR LIS OERICH 51
BHEFEME LCHAED Z BEELRMNEL HOTW5S,
Newman 5 DO#EFIZ L 5 &, 1980 4505 2014 4FD
M B SR FHEED D 6, #33% % KK
Wiis 5 TBY, 518 32% KRR H» S5 5

NaEEr ey MCAERIN TS Z En b, §t
65% HRRMICHF L TV AHE LTHALZ L
BTEEHY, KL, BAEDOTHTIE, <DL
A OFHFEZ B TRARW DG L T 585160
NI EDE, AMRIZRAW R DG T & %%
BoO—o2ThbLEZ LN,

Il YRR B B FRINE I EIRETHAR
WALWECIZAIRR DK, EHRHOPURESEE, Hios A%
TIETIHIF S By TR A, R & B 14
OALE 2% D L Cok7z (Table ) ZOH
RIZBUT L RKINDAFEDEEZ L L TRkt 5%
Z, GbhB, MALHICIIESE R KIRWAISENZE )
IO TWd, ZOHNL, FEIERLINEOH
DRI 2 RO WTRA L7 (Fig 1)
1. Nybomycin

#O T FUEREIE, b POEE, HILER ok
KEZHEIET D7 7 LAGHHRETH 5D, @ ITEE
Th o705, FEHRTMAMEGSE, %, JEEE K
MAED H BN 725 F T8 F S F 7 BAEKYE
DIFHE % Do BBMEDORMNIEGIE L 5] &3
MRSA 1, BENTHHEES N DR & L CidRd
S EE SRR EN R AMR Td 5. MRSA 1
RV R T2 B EIZEALETRTO B-F
7y LGRE, F o RER EDE  OBREICH
HEEHRL T2,

WALBE CIE, IR EKF PR S & LFETHR
MRSA #DBI%% HAYIZ, MRSA ICAEMTH Y, —
F, AF ) RS T R ERE IS ES R b
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Nybomycin

Deoxynybomycin

(Streptomyces hyalinum MB891-A1)

Signermycin B

(Streptomyces sp. MK851-mF8)

Fig. 1.

WEOWHRIZEF Lz ZORE, THEID5HEL
72U # Streptomyces hyalinum MB891-A1 o
BEFHWOEEZ RT e 251, HEES %
HipE - 3L C, nybomycin' B & U deoxynybomy-
cin® % B L7z, Z @ nybomycin B £ ¥ deoxyny-
bomyein (&, MR AVERE T 2 H04WE & LT 1955
EBLIV 0 FIZZENENST TIIIHE SN T
7ALEWTH o720 AT OFER LD, nybomycin
B &£ O deoxynybomycin O 1EH#F1&, ¥/ 0>
i P& BOREMETH L Z EAHBH L. b
%, nybomycin B & U deoxynybomycin i&, F /
o vt Mok %E %8 38 (quinolone-resistance-
determining-region : QRDR) A3ZE/RZEHIZ L 1) F
Mk %572 DNA Vv 4 L— A%<
ET 20, BARODNA Y ¥ (4 L—AIEAL
2\, & 512, nybomycin ~OMFHALIZ & ) QRDR
DEAERNIR S Z L TMRSA DX /1 V263 5
BESEMEPSBEET 52 L2 RIL T 5, P 13,
Coa=—r pWHEHT R 2 B)IFiieEmE
(reverse antibiotic : RA) &% L, VUAEWHEICE
JBH LW —D L LTREL Tn5Y,
2. Amycolamicin®

Amycolamicin 1%, T MRSA i % #8422 38 &
ENLRKRT, EH12_= ) Vit g ER R <
B-5 7 % ~—YIEEET LY VitEA TV

I YW (betalactamase-negative ABPC-resistant
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Structures of recently discovered novel natural products with interesting antimicrobial activities.

Haemophilus influenzae : BLNAR) 12xF LT3 i
WIEHEE RS AWRIZIE LY 4B L oA Ao
® Amycolatopsis sp. MK575-fF5 o ¥ X ) HH
SNTHBPEME T, DTFEEPIINT AT
VUB, TR IVBBIUOYO VA NE YRR
H9 5. MRSA # 5L # M7 NV EkE, VRE 2 &
TIBERE, =) rBLU~s BT Ntz &
i 22EkE, BLNAR # &4 A » 7 VTV FRIH
LZn<En025~10, 025~10, 025~108 X O
05~20 ug/mL ® MIC % 7/~ §o Z O PUH IiE M 1E
DNA V¥ A L—2A (GyrA BH#72=v h) Bk
Wtopo IV (ParC E¥ 7=y b) IZfEMH L Tl
WO DNA & HEST L2 & THiES L, ¥/
O 2 & DOREMMEIIR S 2\ d DD, novobiocin X
coumermycin & (X1 2 82T % R . 72,
amycolamicin 137 T A M VG A TR (F B A K
VUYL) T4 T4 YIS ORI 2 R
CEMPLIZUAN)TVEFATA (FRARNY T
L) - TA T A VIVIEGIEREIE L LT ORR bW
fFENTwb,
3. Signermycin B

T TEREER  (two-component signal trans-
duction system : TCS) (3FE 4 O EFEINEE H O 95
JEPER AN ORI E & F 53, NAFT 100
LIERYUEWE 21X U & L7z 2 e o 4
BT &R ZHMICHIET 5 2 L AHRE SN TWw 5P,
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WalK/WalR (38 th 7 N7 IRE R WGERE 2 &0 7
7 ABHERIZB VT, M2 % Hl LA I UHE
LTCS ELTHIGNTWSEZ NS, FOHEH
FEEAFSE L 3R o 7oHIWERIZ IR L ) 2Rtz
WD TV pHo,

WALWEClE, FafRy WIS & 3L ETH MRSA/
VRE ZEDO B %% HIZ, WalK/WalR (12 &% %
FRERIZ TCS O BRI EH ORFIZEF L7z,
X Y 5B L 7o OB Streptomyces  sp. MKS851-
mF8 MROFAFHATH I DIE S Z R 2 &L 25 L,
Higlh - MR oO&ER, FrEbiAEYwE signermycin B &
/700, NI UATH) YBRET T I VERE S
TSI 3 4 signermycin - B (3, MRSA # &
LT K ERE, %5 N2 VRE % &4 IEERR 2
LT 313~6.25 ug/mL & MIC /R L, 72,37~
62 uM T WalK ® H L) Y B Z S L 720 20
&9 A B HIER B ER T, (ERICRW
FA L o TREHOGIEATREL 2 5 Z &R L
WY A TOPMAEmEEE L CIRET 5 2 L s
nNTws,

4. Intervenolin

A any g — - ¥ ) R AOOREIES
LTW5b EEND T T ABRERET, HALEES D
FELZEREEZZONTWD, E512, BOPALE
CERLTWAZERS, Yo HoBREIIHAD
B ASCLHEZ A &8 5 720 OF F 7 Bl | 2 AL
SIFHENT WD, 20174, WHO IZ e b OIS
BRRKOEWE %% 128D AMR ©O—2127 7 1)
AURA Y VWENY TINS5 — - ¥a ) 2EITFT
W5,

WALIEClE, 2SA—HEMBEAERIZ X D HA ALE
MeERET 2LEMDREZIT> T b, T
T, HEX DL AR E Nocardia sp. ML
96-86F2 OEFAE A LIS AAER, 7 & IZHIANY
I — - ¥ ) EE R R T HBIUA Y inter-
venolin Z F& i L 72 £ O IGHEAHBIMIZE X
A& N7 AS1934 1%, MISAERZRS S, ~
V) any g — - En )ik LT oARBER 2 PR
AxmRL, 790 Au~A ¥ Vigthx &ty an
75— - ¥ iZxk L 0.125~05 pg/mL @ MIC %
RL7ze E612, HERET VYT AZBNTAS
1934 B #12 & % #% 5- 1% omeprazole, amoxicillin,
clarithromycin @ 3 Bt ¥ 5- & 0 S BN - HRHE

BRL72o AS1934 1%, N anxzy— - Ea)o
FET#EARIZ BT 5 dihydroorotate dehydrogenase
ET S L TR IREA 2RI, 20
912, AS-1934 IZEEASE & IR 2 EARF =4
L, ANJanzyy— - )i L CHAITRRR
WCEMEEZRTZERS, BIEH O R ERESEIC
FET D eI TV S,

. EBZEIESEZE (extensively drug-resistant
tuberculosis : XDR-TB) T & %h 7 #7118 i & %
CPZEN-45 DEIS & FAF

AT IR T 10 RFEERO—2 1252 51, 2016
BT 5 WHO OHERHC & 2 LA o F# 584
BERL1040 TN, FEEEITH 180 H AL ST
BY, B0 L LCE, 4% IR AHE
DIRETH Do 512, 2016 4F D H 7= 7 LA
WHEEEEHIZOFTAEENTEY, 2050
# 6.2% DA OVEHIEDS F o - RERE %
WEBEHINEAEE TH - T, TR,
HE, a7 2HOISRD) ZARE TN EY, 20
% FI M PERSIEE B LRI A BIE QIR A ) 1L, i)
HEFETLHEMOEEZ IO THEOEL I 2
Mo/l EBREKD—DE ENT WA,

—77, HIV BB LR o ©f 3,670 77 AIZ3#
LTBY, MMV OAEBEIC & 5 EH L HIV
BEEH 100 TAD D) H D 40% 12 K 5o % &
HIV OEHE O FLLIZALFIRETH 555, HHEICH
V> 2 S B O A LA 2SR R iR R % — T IR B2 LT
BY, TOWRDKR/HIV EEEGEOGEICBT
B o TWAEY, NS E KD ERED
RIS D—2 L L CHBPAAZIE OS5 ke
LNTwb,

1. A7 A Y VEDERR

WALIF T2, MDR-TB IZER L& OB %%
HILZ, FEREAERAICHTHER 23888 L, BEF
DOPAELSE L 3R 7 DV & A 3 2 FryED
BOWRICEF Lo HEL Y 58 L 2 BORE
Streptomyces sp. MK730-62F2 ¥k 12 H
MOIEMEE R L, £ OWEERS %& B - AR L7
RER, HHPUEWE D T~ A L B RRT A
ZWeo?2We BT IRV VIR, VRS L
T FRPAWEICE L, &8 5 M8EEH5 0@y
I2& ) A~G ETO T OO E N %Y (Fig
2)o FDFERSTTdH 5 caprazamycin B 13 [EIFRIEHE
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Fig. 2.

28% aq. NH3
80% aq. AcOH

Caprazamycins mixture

Fig. 3.

¥ H37Rv B & " MDR-TB % & €0 F5 8% 8 i IR 47 B
BRI LT, #2121 313 B L 1M313~125 ug/mL
O MIC 27 L%, & 512, H37Rv k% H v 72 fili &
BETNIYTRACBVTOENHMEEZ R L 720
Caprazamycin B O 3 7 {/E I (LA 0 o M f
BICEST 2R AR-N-TLF VLT INRSS
RTF FEBEEZ MraY OHETH L Z EVHL
MERDY, ZHIIBEFOPMEEL IR 2250
Td o7, Caprazamycin B 21~ ™7 2 243514,
Mg, ZREMSFOHFBEIROON LTV L,
S IR - R~ T A B CIlEE S O
HEAEABIERED 5N W &G, 3 L WUk
L L TCOMEREFELONT. LOLRBON T T

BAREFEEFRMES Vol 67 No. 3

Caprazol

COOH

Caprazene

Synthesis of caprazol and caprazene from a mixture of caprazamycins.

YA 2 VHEICE, SETOO5EERICa A b
o TLE) T &, KITHT LEMIEIE L <
Bk, v 2RNICBW TSRS e b & R
LARMESTLEFHEIN-Z L, RERODLO
[ RO S 7z,
2. CPZEN-45 DAY
NTTHIA L VO Z HEROPOHEDTE
DIl o7-2 LT, CORRYEAG R EREE L
THEL TS ZEREELWEEZ LN/, 22T,
ATA4 IV IAMOWEFEL RS £F, BT
REMHD O LB 2R T 2K & 725 7 v F Ll
IR & B2 L 7o el O RS 2 B 9 2 LAY
BT S NM7ze & F S RO MBEMESHA DL N



[#855) FRMAEMBEDORR

Fig. 3R L2 k912, TrEZTK, T30
AN & DI IR £ ) BIER T 2 O F
WREAPEONDL 2 EHFRB SN, Z0—D1,
I AT IVERS DMK 53 AR caprazol TH D, 9
=DV TEE ) VB EICBWTHERR OB
7452 & THSNT caprazene THH- 729, T D
91, ZSREME AV, ik B—O g
ERNEEMICHFENT 2 HEERR L2 LT,
BT THERA T VHETHEE ST HE L EH
R RN T 2 CHMES RSN TH 5,
Lo L& 2 Lis, oz 2 DORMERE SR

(0]

KQ\Q
N(z
/

0 N«NH

(0] (6]

OH

Fig. 4. Structure of CPZEN-45.

Staphylococcus aureus FDA209P
1(ug/mL)

Mycobacterium tuberculosis H37Rv

Mycobacterium smegmatis ATCC607

Klebsiella pneumoniae PCI602

Pseudomonas aeruginosa A3

Serratia marcescens

Shigella dysenteriae JS11910

Escherichia coli K-12

BT 2 DOREREE R L THEMM LT
ETHRGE OB M 2 L A b7z,
B ORER, 7Y VBRECWET LIRS
VIR R IBEIT 5 2 L THUBRIEE %
HTEXLL) bl epAMshi-2ens, 2
DHIATE  OFEARDPER SN/2Y 5 $512, capra-
zene EARDOHIZIZKEMRIEICHEN, S SR
EMTHEN T T A T VT ECTREEY 5
HILH0PLLHDLNT, ZOHTLRER %
BOPRE I LRI 2 EREESRO 5
CPZEN-45 O % Fig. 4 [2/R L 72 CPZEN-45 &
RO L CRER G 2R L, € OPREIEE
1% caprazamycin B £ ) BT/ (Fig. 5), F
7o, BEAEEE L O L EIZR €3, MDRTB & 5
12IE XDR-TBIZH L TH B TH - 72,

& 512 CPZEN-4S (&, It # v Ju i B g 5 92 8
Y =TITbie<y ARBERET Ve 72K
BIPERAERIC BT, H37TRV RO A 7 55 10 Al 14
O XDRTB I3 L ThmWAMEZ R L, &2t
FEFZTE & F 723U T b PUAE A% 3E isoniazid B £ O
rifampicin & OFFHBEEIZB W TEN AT R %
N7, CPZEN4S WX, 7o~ A v HER

mmmmm— CPZEN-45

== Caprazamycin B

S. aureus MS9610

8. aureus MRSA No.5

Streptococcus pneumoniae TY-5708

Streptococcus pyogenes TY-5740

Enterococcus faecium JCM5804

Bacillus cereus ATCC10702

Corynebacterium bovis 1810

Fig. 5 Aradar chart of the antimicrobial spectrum of caprazamycin B and CPZEN-45.
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Exterior Mycolylarabinogalactan

Il il

. * PLEEPE PBTZ-169
Cytosolic uDPQ ] OPC-167832
Caprazamycin B Capuramycin Cycloserine

SQ641 Sansanmycin A

(inhibitor of D-Ala-D-Ala
biosynthesis)

® Phosphate
Bl Ribose

sann Decaprenol
GlcNAc

@& MurNGlyc-pentapeptide @ Arabinofuranose

o

© Rhamnose
@ Galactofuranose

w Mycolic acid

OﬁTrehalose

monomycolate

Fig. 6. The biosynthetic pathways for peptidoglycan and mycolylarabinogalactan.

ML RS R W EPS R LEARF AT S
bOLEIN TN, BITOMRLD, KYE
I MraY EXT a7 OBRICHLEY AT IVT T
Y708 VREGHRICEE T AR AR-N-T7 T
V7V a3 VRS WecA & FEENIZIHE T
B 2 & TERM YR EEE 2 R 2 e RS
N, Z0ICxMEIX 64 nM TH -7 (Fig 6)o
NTF RN P ERHERTH L0 T 7~ A
¥ VHORBREIE B A D 5 2 LT, MR
IR LWERATH LI AT VT TS
T8 VHEABBEOHEYE Th S CPZEN4S
DR - FAEIZD R - 72 2 EATIEFIZEBRIE W,
CPZEN-45 1%, WecA ZHFRMIZIHEL, ZIUIBE
OB L 3R 2ERRTETH B =
DD, WREOBHEN IR TH 5 L HIPHHE LS
BOWTHLWERB L 22 REMED D 5o BUIE,
CPZEN-45 X ffbif & V) ) —#BAIHA =2 757
I2 & o C MDR/XDR-TB &4 iE DG #HE A Hi L
CHFEIBAFEASED SN TBY, MERERICH 5,

BARMEFEREFRMEE Vol 67 No. 3

V. Za—7U—+X20--5723—1 (New
Delhi metallo-B-lactamase : NDM)-1 % & &St
%o LRERICEWERA—/N—=T7Z/71)3Y R
TS3112 DAIR

1. ZEIMMET S LREROEEST7S /7)Y
FADERRF

VAR, SEEERMUEA DAL 2 EET LTS
LSRR OBIMEIZE L {, INHITHLT
AR B HTREORFETHE RO BN TV EY,
LObir, &) v B-5 7 ¥ ~<—+¥(KPC I, OXA
RBl) x5 0-p-5 7 ¥ ~—+ (IMPE, VIM#,
NDM ) 7D h i< —¥rpEhk+s2 L
W& o TH NN LR LTl 815 L 72 v
INAA AT NME R R (CRE), %6 2%
FIMPEARIR B R 2RI T > 4 b No & — 7 Eh3tt
SMEALL TWw5, Fig 71 B-9 27 ¥ ~— ik
ZHNME 7 T BRI 3 2 BEAFSE O R & S
MICELZLDTH LAY, CREICH L TIZAERZ
PUHEEAD 7 <, HH12 NDM R A4 7 o0 B P R
WIZHEMZR D DIERON TS, BT, CRE &Y
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TAZ/PIP

TEM ik k X
s
&

Carbapenem

Avycaz (CAZ/AVI), Plazomicin

*
£

Fig. 7.
Gram-negative bacteria.

Effects of existing drugs against [-lactamase-producing multidrug-resistant

TAZ/PIP: tazobactam-piperacilliny CAZ/AVI: ceftazidime-avibactam; ESBL: ex-
tended-spectrum [i-lactamase; KPC: Klebsiella pneumoniae carbapenemase; NDM:

New Delhi metallo-ff-lactamase; RMTase: ribosomal RNA methyltransferase.

FELZRS L CHAMTHR) 2 PR ZE & L T colistin, ti-
gecycline %3 A %%, §CTIZ IS OPUH HE i1
%R 3 CRE b SN T,
DOREEOREABIL THB LTSN TS
CREWET7 I/ 7V ay FRVUEWE IR L T
MICBZEEMERLTBY, MA<TT7I/7yay
FIZIEARIBR IS BT S AN L %8 CHUE T
BRRHHENTWEY, HRGIZATLT I/ 7))
a2 RARPUAEWE IR B EOFEE 3o F 2T
APEI AR THBEWIZEWZ &5 5, CRE 2 &
LIFNWE 7 T ZEERANOFRIZB T, T3/
7)) ay FRPAMEICFEO N WFIEARE
)
2. NDM, G5UNCAFZ—ECEEDT S LREE
ICBET7Z /7)Y RERST

73/ 7)) 3y FRPUEYE kanamycin 115

WZINZT2 W HARA ) U FIVORREE 1 5 TH D,

Z D REZRIEL S OFE T A AL AT &
N7z AL TIZBIEHnCTT I/ 7)) 22 MR
AW BT DI ERE R ORFZE A5 R SEER T 5 T
THLED SN, ZORRE L TR ICER %5t
T# 3 dibekacin 2B % S M T %7, & 512 dibek-
acin DfFE % S8 8 &5 2 & THISE X 117z MRSA
12 & % EGE O G 3E arbekacin” i, 77 ARGk
WHB LT 7 ABMEDPEET L IELAEDT I/
7)) 3y FAELERIZEETH Do

VEAE, HRAET LTV A EF R O IZ X
B 0NRRE EOfERICI b » Y, EREN TV D
[post antibiotic era] DOF|FEHILT 572012, &

HORMILIORE ST 273 7 7)) 3y FRPUED
HBZED ) Ny BRI LT, SRS T LB
PERICERN H L WIEE b o727 I/ 7)) a v F,
WHIEA=N=T7 3/ 7)) a3y ORI T 5%
IZWizo7z,
DRETHWOLNTWAEEM, 76 CIZEmH
DT I/ 7)) 3y FRIUAEWE % Fig 8 1IR L7z,
INBIE, M TIHELEETCHLT I A
DR =W Lo THE S N D EEATH Y, KBk
THEMOWREAT L 2 L TH LD, &HT
DT I/ HA 7)) = VOREE LB OB
LoTHIXA LU IAT, AFRAT 54T
ANVT AT 284 TBILTZOMIZK S
%o
FERMWMERICAR T LT I/ 7)) 32 FoOR|
Br HIET ) 2T, MEIC X 2SR OLE
GEEE R L, 7T/ 7)) 3y FRIAEMEOE%
e & LT, (DIBERESRIC X 211k, (2)
16STRNA A F 5 =¥ (XA FIV TV AT 2T —8)
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Fig. 8. Representative aminoglycoside antibiotics currently used in medical and animal husbandry fields in

Japan.
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(a)

Inactivation by aminoglycoside-modifying enzymes

Modification of the active site by 16S rRNA methyltransferases

APH (3)

l, zyuﬁ

AAC (3)

Kanamycin A: R=OH
Kanamycin B: R=NH,

€ AAC(2)

G1405

ArmA, RmtA, RmtB,
RmtC, RmtD, RmtE,
RmtF, RmtG, RmtH

Fig. 9. Representative resistance mechanism of the aminoglycoside antibiotics.

(a) Sites of enzymatic modification of kanamycins. AAC: aminoglycoside acetyltransferase; ANT: aminoglycoside nucleotidyl-

transferase; APH: aminoglycoside phosphotransferase. (b) Interaction of gentamicin Ci. with the 16S ribosomal RNA at the A-

site. The ribosomal RNA is numbered according the numbering used in Escherichia coli 16S ribosomal RNA. Crystal structure of
gentamicin Ci. with E. coli; the PDB code is 2QB9*). The methylation positions (G1405 and A1408, indicated in the stick model)
and 16S rRNA methyltransferases are shown. Possible hydrogen bonds between the antibiotic and the amino group of A1405 or

G1408 are shown in dashed lines.
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Table 2. Antibacterial activity of various aminoglycoside antibiotics against NDM- or 16S rRNA methyltransferase-producing Gram-

negative bacteria

MIC (ug/mL)
Enterobacter Klebsiella Acinetobacter Pseudomonas
Antibiotics Escherichia coli cloacae pneumoniae Escherichia coli baumannii aeruginosa

B-1377 ATCC BAA-2468 B-1378 NCGC58 NCGM237 NCGM876

NDM-1 NDM-1 NDM-1 ArmA ArmA RmtA
Isepamicin >128 >128 >128 >128 >128 >128
Netilmicin >128 >128 >128 >128 >128 >128
Amikacin >128 >128 >128 >128 >128 >128
Dibekacin >128 >128 >128 128 >128 >128
Gentamicin >128 >128 >128 >128 >128 >128
Arbekacin >128 >128 >128 >128 >128 >128
Kanamycin >128 >128 >128 >128 >128 >128
Tobramycin >128 >128 >128 128 >128 >128
Sisomicin >128 >128 >128 >128 >128 >128
Apramycin 4 2 2 1 4 32
Lividomycin 4 64 >128 4 32 >128
Neomycin 2 32 64 0.25 4 >128
Ribostamycin 4 >128 >128 1 >128 >128
Butirosin B 2 32 2 1 4 32
Paromomycin 4 8 >128 1 >128 >128
Spectinomycin 128 >128 16 8 >128 >128
Fortimicin A >128 >128 >128 >128 >128 128
Sporaricin >128 >128 >128 32 >128 >128
Streptomycin 16 32 2 2 >128 128
Dihydrostreptomycin 16 128 2 1 >128 64
Hygromycin 32 64 32 32 128 >128

TOT7TI/ ) aAY FRET I VA7) F=vIiZB
T % 6 (OMEEMELENTEBY), T0zd1) K
V=)V RNA DX FMALENTL E ) & ARIIC
C OMEDFFAEDREE L 7 ) AR OVERFALA~ DG &
BT oD, FEELITRARIAFA 94T
DT I 7Y Ay RIZOWT 6 M BT 285 B
FLThIETH, BONEULHEIATT—E
FEAERICIESEART LR 2 RHELTWS,
£ DT I/ 7)) Ay FRIUEWEOF T Ta-
ble 2 1Z2B W THH 2 72?1 apramycin & buti-
rosin HCTH o720 I iLd 165 rRNA XA F T —+
REAETHRGHE, 7oA MNs F = KRR
LCHIR /I 2 5648 L, NDM e EER IS+ 54
MEBBESINTBY, )= NMLEmE LTolh
2Tz, TNHIX6 AL FEE LTV D A
FRATDIATEREEEOBEBNPDH L, A~
1% 4 7128 % ribostamycin (2L L 724
xS A butirosin 381X, 73 /9421 F—
DESHLNZT T/ — ADEHEL L 6 (LI It BEK ik
EAET %o —J, apramycin TIEX7 I /%4 7Y
= 547, 6 (LIZHEMAKIRESHFIEL, )Ry —
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Fig. 10. Synthesis of TS3112 from apramycin.
Table 3. Antibacterial activities of TS3112 against MRSA and Gram-negative bacteria
MIC (ug/mL) of indicated antimicrobial agent
Strain Phenotype
TS3112 AMK PLZ MEPM LEV CAZ/AVI

E. coli ATCC25922 - 2 1 0.5 0.015 2 0.12
ATCC35218 TEM-1 1 2 2 0.015 1 0.12
ATCCBAA-2340 KPC 4 16 2 4 32 1
ATCCBAA-2355 AmpC, CTX-M-9, TEM-WT 2 4 1 0.06 32 0.12
MSC20662 CTX-M-15, ST131 1 2 1 0.25 64 0.5
ATCCBAA-2452 RmtC, NDM-1 2 >128 >128 16 0.06 >128
ATCCBAA-2523 0OXA-48 2 4 1 0.25 0.25 0.06
MSC21489 IMP-1 2 2 1 16 32 16

K. pneumoniae  ATCC10031 — 0.5 0.5 0.25 0.03 2 0.06
ATCC700603 SHV-18 0.5 0.5 0.25 0.03 2 0.5
ATCCBAA-2146 RmtC, NDM-1 1 >128 >128 128 >128 >128
ATCCBAA-1705 AAC (6) -Ib, KPC-2 1 32 1 16 64 1
ATCCBAA-1898 KPC-2 0.5 1 0.25 64 64 1
ATCCBAA-1900 AAC (6) -Ib, KPC-3 0.5 2 0.25 16 64 2
MSC20781 AAC (6) -Ib, ANT (27) -Ia 1 32 0.25 0.03 1 1
MSC20787 AAC (6") -Ib, SHV-11, CTX-M-15 0.5 2 0.5 0.06 1 0.25
MSC21444 OXA-48 1 64 0.25 16 16 1
MSC20598 IMP-6, CTX-M-2 0.5 2 0.25 16 16 16

E. cloacae ATCC13407 — 2 2 1 0.06 64 0.5
ATCCBAA-2341 KPC 1 4 0.5 32 32 4
ATCCBAA-2468 NDM-1, ArmA, RmtB 1 >128 >128 64 32 >128
MSC21439 AAC (6") -1lc, IMP-1 2 2 0.5 4 1 >128
MSC21440 AAC (6") -1, IMP-11 0.5 8 0.25 2 64 64

S. marcescens ATCC13880 — 1 1 1 0.06 >128 0.25
MSC06376 AAC (6") -Ib, IMP-1 4 128 4 >128 >128 >128
MSC06367 AAC (6") -Ic 1 8 1 0.06 >128 0.25

P. aeruginosa ATCC27853 — 2 2 8 0.5 2 2
MSC01442 RmtA 4 >128 >128 2 4 4
MSC21430 AAC (6") -Ib, VIM-2 8 64 32 128 64 8
MSC21432 AAC (6") -Ib, GES-5 8 64 32 128 64 8
MSC15003 AAC (6') -Ib, IMP-1 4 8 8§ >128 2 >128
MSC15168 AAC (6") -Ib, IMP-1 4 4 8 >128 4 >128

A. baumannii ATCCBAA-1605 MDRA (MEP, LEV-resistant) 4 2 8 32 16 128
ATCCBAA-1710 AAC (3), VEB-1, 0XA-10, 0XA-69 4 &) 16 1 8 64
MSC21434 ArmA, AAC (6") -Ib, OXA-23 1 >128 >128 16 64 8

S. aureus MSC21195 MRSA, AAC (6') /APH (2), ANT (4)-Ia 4 32 2 32 >128  >128
MSC21201 MRSA, AAC (6") /APH (2”) 2 32 1 32 32 >128
MSC21203 MRSA, ANT (4') -Ia 2 16 1 64 32 >128

AMK: amikacin; PLZ: plazomicin; MEPM: meropenem; LEV: levofloxacin; CAZ: ceftazidime; AVI: avibactam; E. coli: Escherichia coli; K.

pneumoniae: Klebsiella pneumoniae; E. cloacae: Enterobacter cloacae; S. marcescens: Serratia marcescens; P. aeruginosa: Pseudomonas

aeruginosa; A. baumannii: Acinetobacter baumannii; S. aureus: Staphylococcus aureus.
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Search for new antibiotics from natural products

Masayuki Igarashi and Yoshiaki Takahashi
Institute of Microbial Chemistry (BIKAKEN), 3-14-23 Kamiosaki, Shinagawa-ku, Tokyo, Japan

The emergence and spread of antibiotic-resistant bacteria is a worldwide problem that necessitates
countermeasures at both the national and international levels. In Japan, a drug resistance action plan was
formulated in 2016 that included research and development of new antibiotics against drug-resistant bac-
terial infections. In the field of infectious diseases, many of the launched drugs are derived from natural
products; therefore, much effort is being focused on drug discovery from natural products. The Institute of
Microbiological Chemistry (BIKAKEN) was founded in 1957 by Dr. Hamao Umezawa, triggered by the dis-
covery of kanamycin. Since then, BIKAKEN has set up drug discovery from natural products as the focus
of its activities and has introduced many antibiotics to the world.

Recently, some attractive new natural products have been discovered in BIKAKEN. In this review, the
authors present an overview of these new compounds: nybomycin, amycolamicin, signamycin B, and inter-
venolin. These compounds have different mechanisms of action as compared to the antibiotics launched
until now and can be considered as useful tools against resistant bacteria. In addition, we shall introduce
the discovery and development of CPZEN-45, an antituberculous drug against extremely multidrug-
resistant tuberculosis, which inhibits the process of arabinogalactan biosynthesis in Mycobacterium tuber-
culosis, and is derived from the antibiotic caprazamycin. We shall also introduce the new-generation ami-
noglycoside antibiotic, TS3112, which has been shown to be effective against super multidrug-resistant
Gram-negative bacteria, such as carbapenem-resistant enterobacteriaceae and multidrug-resistant Pseudo-
monas aeruginosa. BIKAKEN aims to continue to be a pillar for drug discovery from natural products in
Japan in the future too.
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