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AB ST RACT MATERIAL S AND METH O » S MICs of Amycolamicin against Enteric Bacteria Bactericidal Activity against S. aureus Smith Mode of Action

Inhibition of macromolecular biosynthesis of Amycolamicin against S. aureus

Background: In the course of our screening for antibacterial agents, a novel antibiotic, amycolamicin (AM) was found in a culture MIC : MICs were determined by the standard agar dilution method recommended by Clinical and Laboratory | MIC (mg/L) 125
broth of an actinomycete strain MK575-fF5 identified as Amycolatopsis sp. Standards Institute. S. aureus, E. faecalis, E. faecium and E. coli were incubated in Mueller Hinton agar at 37°C for — deszz;:;g:;'iglw — 221'\; : i T -
Methods: AM was isolated by use of the Diaion HP20 and silicagel column chromatographies and HPLC. The structure of AM was 18 hours. M. smegmatis ATCC607 was incubated in Mueller Hinton agar supplemented with 1% glycerol at 37°C for B. fragilis JCM 11019 3.13 100 T + Test organism: S. aureus Smith
determined by the spectroscopic and degrad ation studies. The antibacterial activities of AM were measured by the agar-dilution 42 hours. S. pneumoniae was incubated in Mueller Hinton agar supplemented with 5% horse blood at 37°C for 18 B. merdae JCM 9497 12.5 —_ % T T Medium: Nutrient broth
: " . : : : : X T L i\ 270 :
method. hours under 5% CO, atmospheric condition. H. influenzae was incubated in Mueller Hinton agar supplemented with o gvalus JoM 5624 518 = < 75 : Tt Incorporation: 37°C, 10 min.
_ _ _ . _ I _ o o _ . o _ o . thetaiotaomicron JCM 5827 6.25 = c L 1 _ —e—cell wall RI: *C-GIcNAc, 1 uCi
Results: AM (C44H0CI2N4O 14, MW 938) showed the strong antibacterial activity against not only Gram-positive bacteria such as 5% Fildes Enrichment at 37°C for 18 hours under 5% CO, atmospheric condition. B. uniformis JCM 5828 313 S 2 1 —=— protein 3H]-Leucine, 5 uCi
MRSA, VRE and PRSP but also some Gram-negative bacteria such as BLNAR H. influenzae. The MICgs (range) of AM were 0.39 o _ _ _ B. vulgatus JCM5826 6.25 S % 50 1 - : —a— DNA 3H]-Thymidine, 1 uCi
(0.1-0.39) pg/ml for MSSA (n=12), 0.39 (0.1-0.39) ug/ml for MRSA (n=10), 0.2 and 0.78 pg/ml for VSE (n=2), 0.2-0.78 ug/ml for VRE MICs of Amycolamicin against S. pneumoniae and H. influenzae Bifidobacterium adolescentis JCM 1251 0.78 o € L \ fattyacid  [°HI-NaOAc, 1 iCi
(n=4), 0.39 (0.1-0.39) g/ml for PSSP/PRSP/MRSP (n=15), and 0.78 (0.2-0.78) pg/ml for BLNAS/BLNAR H. influenzae (n=11), g o g = 25 —=—RNA PH]-Uridine, 1 1Ci
respectively. The macromolecular synthesis experiment and the enzyme assay showed that AM inhibits the DNA biosynthesis. MIC(mgiL) MIC(mglL) Bif. breve JCM 1192 0.20 g —
Moreover,_ the cross-res@ance expgrlments showed that th.e mode of action of AM was different fro.m thc?se of novobiocin and species Strain type AM__ OXA  AZM species strain __type AM__ OXA  AZM f;f-cz{gzlfziuﬁl\gi;jj;/us oM 1135 (1):22 = 0 : 5 .
levofloxacin. In the septic model mice of S. aureus infection (n=5), AM showed a goo d therapeutic efficacy at 50 mg/kg by Streptococcus pneumoniae  S-223 PSSP 0.5 <0.03 0.25 Haemophilus influenzae  11D938 1 16 2 L. fermentum JCM 1173 0.39 E 0.01 0.1 100
subcutaneous administration. AM showed no acute toxicity in mice even at 250 mg/kg by subcutaneous injection and also no S. pneumoniae TY-5834 pssp 025 <003 0.25 H. influenzae 1ID985 0.5 8 2 L. gasseri JCM 1131 0.39 =
genotoxicity in Ames test. S. pneumoniae TY-5708 pPrsp -  0.25 8 8 H. influenzae 11ID986 1 4 2 L. plantarum JCM 1149 0.78 5 1 120 120 ——7
Conclusion: AM was isolated from the culture broth of Amycolatopsis sp. AM was found to possess the strong antibacterial activity S. pneumoniae TY-5745 prsp .  0.25 8 8 H. influenzae D987 2 32 4 Z Orﬁ;)”y_mf’,’?"”af ,ﬂﬁ,lvahs JOCM8525 g-fg S N_ . g . _N\:% S ——
scherichia coli : < — < c —
against a wide range of Gram-positive bacteria such as MRSA, VRE and PRSP and some Gram-negative bacteria such as BLNAR S. pneumoniae TY-5840 pPrsp -  0.25 8 4 H. influenzae 1ID988 1 16 2 E coli K-12 o5 5.5 2 . \\E\ S \ £ 4 \ :
H. influenzae. AM showed the good antibacterial efficacy and safety profiles in mice. The PK/PD study and the detailed mode of S. pneumoniae CR-2 PRSP ¢gmB 0.5 16 >64 H. influenzae T196 0.5 8 2 4 = \‘*\t £ \ E ) H\*\i
action on AM are now in progress. S. pneumoniae TO37 PRSP - 0.5 8 4 H. influenzae ME570 BLNAR 0.5  >128 2 AM: amycolamicin, AZM: azithromycin, TOB: tobramycin 0o o 1' o 100 0 ' ' ' ' 001 04 1 10 100
h 0.01 0.1 1 10 100 conc. (M)
S. pneumoniae H69 PRSP ¢mB 0.5 1 >64 H. influenzae ME587 BLNAR 0.5 16 0.5 SAM aaar (Nissui Seivaks Go.. L6, Tokyo, Janan) for anaerobic bacteria ncubated a —e—cont IS 12MIG (0.1 /L] Novobiocin " W itamycin sv ™ (M) bekaci |
- i _ _ issui Seiyaku ., , yo, | ia incu . - e el
|Sﬂ|ﬂtl0ll allll Strlll:tllre (" nmvcﬂlamlﬂln S. pneumon/.ae KM99 PRSP ermB 0.5 1 >64 H. I.nfluenzae ME870 BLNAR 0.5 128 2 i:];c;r gg; k1 Sh :rﬁbpe\?e(llt\aﬂl}?slolict; isi?gzrsiac\r:v:ri iciglcgt())atcjc; ;nn)an anaerobic condition by 1 MIC (0.2 mg/L) 2 MIC (0.39 mg/L) gyﬁiiﬂ?;z(?snmz;gse B subunit gyﬁiiﬁ?:zetfzwxiggneta subunit gro;ei::‘r;?nyn:gesiigc:gg::;tr ;os and 50S subunit
S. pneumoniae JPS326 PRSP ¢mB 0.5 186 >gj H. influenzae MTO66 BLNAR 1 >:II ;: ; » Japan). == 4 MIC (0.78 mg/L) —@— 8 MIC (1.56 mg/L) y 9
S- pneumoniae JPS344 PRSP ems 0.3 g A influenzae  ARD476 BLPAR g Inhibitory activities of amycolamicin against DNA topoisomerases
Amycolatopsis sp. MK575-fF5 S. pneumoniae JPS380 PRSP erm3 0.5 8 >64 ry y g P
production med. 30 L S. pneumoniae JPS399 PRSP erms 0.5 8 >64 Escherichia coli K-12 32 128 16 1IC /ml
| > . | 50 (ng/ml)
S. pneumoniae JPS408 PRSP ¢ms 0.5 4 64 Klebsiella pneumoniae ~ PCI 602 4 16 2 - - - - - - - .
H.NOCQ S preumonize  JPS317 mre mm 05 8 2 K pnoumonias 22303 16 128 6 Therapeutic Efficacy against S. aureusin the Murine Septicemia Model DNA bacterial human
AcOy,, » 3 CHjs S. pneumoniae JPS390 PRSP mefa 0.5 8 4 Gyrase TOpO 1V TOpO 1
I\Ilyc_ o S. pneumoniae JPS401 PRSP mefa 0.5 8 2 ABPC Amycolamicin 12.2 6250 >25000
Structure of Amycolamicin - S. pneumoniae JPS402 PRSP mea 0.25 4 1 .
ext. with MeOH H3CO’ S. pneumoniae JPS403 PRSP mefa 0.5 4 2 EDso (VT‘Q/_kg) _ e Levofloxacin 07.6 1562 >25000
concd. Molecular Formula: CusHgCI:N4O4, O N CH, S. pneumoniae ATCC700904 PRSP erm 0.5 16 >64 Amyc(::kz;mcm Azr:g::c):g;n Va?\igr&;;cm .l l o Novobiocin 97 6 >12500 NT
Molecular Weight: 938 S. pneumoniae ATCC700906 PRSP erm 0.5 4 >64 ?3 """"""""""""""""" e Coumermycin 0.1 6250 NT
Hexane CHs AM: amycolamicin, OXA: oxacillin, AZM: azithromycin - not determined S. aureus Smith 3.82 0.10 1.58 37 o2 mal Etoposide >8000 NT 3130
ppt 0
Sephadex LH20 column chromatography _ . _ _ 100 e Antibacterial activities of amycolamicin, novobiocin, evofloxacin and
(MeOH) ’ Q CT—?;SC o i g MIC Distribution Curves of Amvcnlamlcln against 3. aureus VCM coumermycin against their in vitro acquired resistants
Silicagel column chromatography . ¢ N HO” © -~ %~ S A A —
N 32 MIC (mg/L)
(CHCI3-MeOH) N\ / H L MSSA MRSA — B A — _ _
Amycolamicin (2 q) o o 6OF = 7 = A ) P organisms strain AM NB LVFX CM
) - B B B 5 » ﬁ 3 L —— 12.5 mg/kg ]
y - 100 ./.,.A e —r————s © : =313y Staphylococcus aureus  Smith 0.1 0.2 0.025 0.003
g °’° R S. aureus Smith AM" 312  6.25 0.2 6.25
75 T~ 1
MiCs of A lamici inst & - d Neaative Bacter S E 20 N S. aureus FDA209P 0.39 0.2 0.1 0.006
- 0 1 2 3 4 5 6 r
s of Amycolamicin against Gram-positive and Negative Bacteria i > S aureus FDA209P NB 078 100 0.5 6.95
5 / / 0 AM S. aureus MRSA1 LVFX" 0.2 0.2 50 0.003
= 0.1 1 10 100 - -
MIC (mg/L) - 5 g—— Broth dilution assay: MH broth, 37°C, 18 hrs
Gram-positive bacteria Gram-negaitive bacteria dose (mg/Kg) s} v g g - : = AM: Amycolamicin, NB: Novobiocin, LVFX: Levofloxacin, CM: coumermycin
Staphylococcus aureus FDA209P 0.39 Haemophilus infulenzae [ID938(BLNAS) 0.78 ) Animal model: Mice (4 weeks old female ICR Swiss mice, n=5 ) were inoculated intraperitoneally Y S | . . . . . :z%s:]g%kg AM ": Amycolamicin resistant, NB": Novobiocin resistant, LVFX": Levofloxacin resistant
S. aureus Smith 0.39 H. influenzae ME587(BLNAR) 0.78 o o 6 b N L N D Ak B D '(Al\f[i[)) v2vi’;]h approximatel¥1§ X 10.5 CFU oftS. a;ugeuihSm:;h sus]E)ended in 20{; hogbga?tric mucin. N | » ) . ) . 078 ks
: NSNS\ SR SN N oV @ \q° O er 2 hours, groups of five mice were treated with a dose of compound by subcutaneous @ o o2meka
S. aureus MS9610 0.39 H. ’_nﬂuenzae ME870(BLNAR) 0.78 S0 0 Q"\ © A 7,\ 9 injection (s.c.). The lethal effects of infection were checked every 24 hours for 7 days. The 50% b ! . . o o o
S. aureus MRSA No.5 0.39 H. influenzae ARD476(BLPAR) 0.78 MIC(mg/L) MIC(mgl/L) effective dose (ED5,) was estimated graphically by plotting survival versus concentrations. N L I N
S. aureus MRSA No.17 0.39 Escherichia coli K-12 12.5 ABPC: ampicillin, VCM: vancomycin, AM: amycolamicin % 1z 5 4+ s &
S. aureus MS16526(MRSA) 0.39 E. coli NIHJ 12.5 =
S. aureus TY-04282(MRSA) 0.39 E. coli BE1211 12.5 MIC (mg/L) 1 A lamicin i | antibioti ith : truct isolated f Acti ¢
Enterococcus faecalis JCM 5803 0.2 Shigella dysenteriae J S11910 25 . . - - AMycolamicin IS a novel antibiotic WIth a unique structure Isolated from Actinomycete.
. . Amycolamicin Imipenem Oxacillin _ _ _
Ent. faecall_s NCTC12201(VRE) 0.1 Sh. flexner./ 4b J S11811 12.5 Toxlcologlcal I)ro'“e 5 A amicin h lent anti-bacterial activiti st G ) e bacteria including MRSA
Ent. faecalis NCTC12203(VRE) 0.2 Sh. sonnei J S11746 100 Range MIC;, MIC,, Range  MICs, MICy Range MICs, MICq, . Amycolamicin has excellent anti-bacterial activities against Gram-positive bacteria including ,
Ent faecium JCM 5804 0.78 Salmonella enteritidis 1891 25 MSSA (n=52)  0.125 -2 05 1 <0.03-0.125 <0.03 <0.03 0.25-1 05 1 _ o VRE and PRSP. Amycolamicin also has potent anti-bacterial activities against some Gram-negative
Ent. faecium NCTC12202(VRE) 0.78 Serratia marcescens 50 _ 1. Single dose toxicity _ _ S . bacteria including BLNAR.
Ent. faecium NCTC12204(VRE) 0.78 Proteus vulgaris OX-9 o5 MRSA (n=30) 0.125-1 0.5 1 0.06->128 16 64 4-128 128 >128 The lethal dose was estimated to be more than 250 mg/kg in mice by subcutaneous injection.
Streptococcus pneumoniae S-223 0.39 Pseudomonas aeruginosa A3 25 - 2 Genotoxicit 3. Amycolamicin shows a good therapeutic efficacy against S. aureus in the murine septicemia model.
S. pneumoniae CR-2 (PRSP 0.39 Ps. aeruginosa GN315 (MDR 25 | e, s : : . . TR : . .
P - ( ) U9 15 ) The in vitro bactericidal activities of AM are compared with those of IMP and OXA against MRSA (50 clinical isolates). The Ames test revealed that Amycolamicin has no genetic-mutation. 4. Amycolamicin has no acute toxicity in mice and also no genotoxicity by Ames test.
S. pneumoniae T037 (PRSP) 0.39 Klebsiella pneumoniae PCI1602 6.25 . . . .
MICs of MRSA were determined by using Muller-Hinton agar at 37°C for 18 hrs. o
Mycobacterium smegmatis ATCC607* >100 Candida albicans 3147 >100 AM: amycolamicin, IPM: imipenen, OXA: oxacillin 3. Cytotoxm_ty

Amycolamicin showed no cytotoxicity at 10 pg/ml in cultured tumour cell lines. 5. Amycolamicin seems to inhibit DNA biosynthesis of S. aureus. The mode of action of Amycolamicin is
different from those of novobiocin and levofloxacin.




