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Studies on an Effective Antibiotic Against Stephylococcus
aureus Resistant to Commercial AntibioticsA

(II) A New Antibiotic Produced by Sireptomyces 35NT Strain
Effective Against Resistant Staphylococcus aureus

Tatsuro Tanaka

(Department of Fermentation Technology, Faculty of Engineering,
Osaka University, Higashinoda, Osaka)

Strain No. 35 NT of Streptomyces isolated from soil produces a new antibiotic which
shown antibiotic activity against Staphyloococcus aureus which is resistant to commercial
antibiotics.

Strain No. 35NT has morphological and cultural characteristics resembling
Streptomyces celluloflavus. By using a submerged culture in a suitable medium containing
1% glucose, 0.5% soybean meal, 0.59% peptone, 0.3% CaCOs, 0.5% NaCl, a No. 35NT
substance was obtained.

For example, 750ug/ml of antibiotic activity was obtained after 45hrs, using a 30
liter fermentor having an agitator speed of 300rpm and aerated at a rate of | vvm.

The crude antibiotic was extracted from filtrate of broth by adsorption on active carbon
followed by acidic methanol elution.

Powder of the antibiotic were obtained by precipitating with (NH,) 250, eluting with
pyridine and reprecipitating with ethyl ether. It is a slightly yellowish powder containing
the nitro group and pentose. The molecular formula is C14H24N2010, and it decomposes
at 238-240°C.

It is active against Gram-positive bacteria only, and inhibits growth of resistant

Staphylococcus aureus at a concentration of 0.5ug/ml.
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1. BNTSEOEHWNMR KEEOBICLECERNME 83X U0 REFRAKICOVWTRE LR
BoEQZTETH5.

D Frvryv e 7P UvBRREMS REERIIRVZ ) -8 SHBERELTZ. [EREIEENSKEER
h, EHPICRBEORREEET S, B HICRET ZTRERE, REICHE URBEKIRIERELERL, B
FIIFERETH 5.

2) ABREXREH REERIZZ)-—LE»oBBEERL, JERBKEE» SIREBICE(LT S, EHihiIcs
FIEE LIS,

3) Krainsky agar REBEBEKE 7 ) — 28, [ERRKE, EHAICEREEE L.

4) FUFVEREM REEERZKE, [ERIKAGREDICEREEELRV. BBSEI3D 5.

8) VvITBANY 2 —LEREH HRBHEER Y —afERL, SEREBELLKRAEICENTS. B
FICIRIGBEDEBERTEET 5.

6) WHEREN HREEERIZZ )-8, [ERIAR, HEHGICRECOBREEET .

7)) FRyU EREM REEARZ ) —2800KAM, REKENLT . [ERRKE, EidicREeEos
REEETD.

8) SREM REREAREVZ Y —260080BKENTS. [EAREE, BUDCEREOBREEETS.
9 ) MFvxER REERIEHERCRRICREL, [SERAZAB, EHhicERE 4 BEXDRBEOR
REEETS. <7V LERIR S 2BBEER T

10) BEsER REREIEREL SHEROBBEICENLTZ. [ERRAELSKREICEDLY, HilihicR
BEROBRREETD.

11) A&¥H# REEARZARL OKREELT 2. [SEARABRLSKELLS. EPICRKEDBRELE
BT 5.

12) €7 Fo 8 REREZEBEG, BhceROEERTY. €5 F RALEAL L.

13) WBEOBRTY EHBEEETS.

14) BEROMES BL.

38, 18EOREFROF A ICE LTI, NaNOs 0.2%, NaCl 0.2%, K HPO, 0.05%, FeSO, 0.01%%
EFHERICLTINIC L BOERBEHEERIML, pH % 7.0 (T L2 ek L, 3ONT SHOKRERKE 18
SEER, 32°CTHEE L. EHK 208, 5H, 108, 20BECHEORBRETEEL, SKRIICETHEL:D
2% Table 1 TH 5.

C DEPHINE B X OCRBIFEOF 2R IC LT Bergey’s mannual of determinative bacteriolgy (1957)
D Streptomyces B LTV AEMELBRLTA 5.

FERZEEOBN S Y — o OB, [ERVBE, LIRKE, BOTKABILE(LL, B Fic
BREEELRZOD, BAHBEOERZEETIHEEZTMCLTHR UL C S, 3NT SEICHERT 2
BEZETIEKRELTRES ObOBB T o, HICEEOER, SEAOHMRK, BBOENUTI0LLT
S. flaveolus, S. celluloflavus, S. aurantiacus, S. flavogriseus, S. hygroscopicus, S. alboflavus, S.
antimycoticus 1L ED3H B, TROIT & EHEAETELTHA.

S. flaveolus DEABREREM EOBASLEHCLTHDY, €5F vaegbL, SHEEETAATE

LT3,
S. celluloflavus : BHBELORBRBFITPT DD, EALZEET L EMNEL - T3,
S. aurantiacus €5 F U PALS DD TEL, KERE spiral 20D, FFEELSOT, <7 oAb
THERBEXC—ETEH, EMBEEL O STERELBRAOBRZTH T AMNET 3.
S. flavogriseus : KEIKHS curling type TH Y, BFELE, €5 F ke bpTEL, EX LaE 24
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Table 1. Carbohydrate utilization of Streptomyces No. 35NT.

|

Kind of carbon source Growth Kind of carbon source Growth
l-Arabinose - Inositol | +H
Maltose H d-Sorbitol +
Mannitol + d-Fructose +
Raffinose + Salicin -+
Lactose + d-Galactose +
l-Rhamnose + Starch H
Inulin - Dextrin 4
Sucrose +H d-Xylose +
Glucose +H Glycerin +

ELEOWTERERT LT AR EELDTELOHEUAEE L TWEY, EHEL
TERTEESTHAEM TREREER LIZVATRIL > TS,

S. hygroscopicus I BIROKEAEDL D, MMERSBL, BERBREZIESLTORPMERELTHE. EXREDOH
EBREIEBHANULTHS.

S. alboflavus @ BRHIVD UBIERZIEEA, €5 F VB EDA, BE, SLhOWESLUTH S,
EFFORESHEOSRERLY, REAVAFEBRELEIZIABHEELTHE.

S. antimycoticus © €5 F v OHALEEL, AREH EOEHE, EREAEELLVARERL —HLTW3S,
Camalate X FCHREDEEDEETZ L, EREFOAFEOEMIBET, EILLE
e 2 A& LT 3.

PIFDERIDNTNG 2 0F L 3 ODOHESZH LT A O TAREME 4 —F - 28kL Bergey 04
BICRBR SN, LIedioTho & bXSERDBHEIL LD S celluloflavus WCHERPLTNBEEIAMOID
TR EZE Z — S.celluloflavus var. 35 NT L4 L7z,

2. 35TNEEMHEAOHBMRTMEMBOER  BEEPER» OA 2 3BNT SEEEFAYEH AR, Iml %b
100pg, 80ug, 50ug, 10ug, Spg, 3pg, 2pg E13A K DI L, B.subtilis ZHREE LTI » 7T ICTHIE
HoBZEefEL, HmfEdhg, Fig. 1 22 7.

P E I Spug/ml~80pg/ml OHEFHIC THEE ORIIC
S ¥ OHEBEMBE S,

a=6.74+0.61 log ¢ 20
fef2 L, a=7 v FEICK 2 1R (mm) £ e
c= B NE (ug/ml)
5pg/ml PIF, 80pg/ml DI ETIR, » v FHEICXZRTE § |
RATHETH 5. o
3. 35NT SEOEESRHG 3I5NT SHOHEME +§
HEED b ORI OV THRET L7c, Bucktss 8

UBERERIZ Table 2 0 & TH 3. S — .

W bEH OIS pH 127018 L7z, 500 ml BE Concentration of antibisties ( gr/m1)
DORO7 7 2 21T 100ml @ EEHHEEAL, 80°CTT72  Fig. 1. Standard curve of antibiotic No.35NT.
R RIRE R T ETIZ » 72,
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Table 2. Effect of medium composition on the production of 35NT antibiotic
substance by shake culture.

Kind of culture medium pH (72hr) Potency (ug/ml) (72hr)
A 4.6 26
B 8.2 380
C 7.0 350
D 6.2 22
E 6.2 65
F 6.4 420

Composition of medium employed:

Starch 2%

{ Soybean meal 2%

Glucose 1%, CaCO; 0.3%, Peptone 0.5%5,
{ Soybean meal 0.5%, NaCl 0.5%
C) Sterch 2%, CaCO; 0.3%,
{ Soybean meal 2%,

D) Starch 1%, Glucose 0.5%, NaCl 0.2%
Peptone 0.7%, K:HPO, 0.29%, FeSOs 0.001%
E) Glucose 1.0%, Beef extract 0.5%
Pepton 0.5%, NaCl 0.5%
F) Glycerin 2%, Glycine 0.25%, NaCl 0.1%, MgS0s 0.05%
Corn steep liguor 0.5%, K HPO, 0.25%, CaCO; 0.1%
Z D¥ERB), (C), FIOEMBRIFTS - 72DT, THID &SI/ UL 2 EHERE XOATEDRE

BT - 7. i-‘é,‘i?fﬂfe}% 3 500ml RO 7 5 2 aic3FD B), (C), (F)EH A 150ml, 100ml, 70ml, 50ml Zh-&Fh
SELRDDER, 30°CTT2, 96, 1208k iIcenEh pH B XUNERIELTIE - /2. #Hi2 Table 3 i
AUt TIROLEHBICE N TIRT2EH T pH84 ICERE L TEY, NMIEHEICET 5435, 6RERET 2
EPHRBRZEHL ST NMIZET LT 3. EHOITEB W TIRT2EF THIEE Y M TV 328 pH 8IEEICARE
ETHD, 96KMTIE pHIRERLTOABOMIIET LTS, HHIFT T TERSIEETR L T35,
(B), (CEEHIZHER U THMIME B TIREA pH B ER LTV, NERPPET L, 120RETIRAI
pH 28 EH L, JMERENICET LT 3. Leh-T pH EBEICABENMOEE L T3 (B % 35
NT SHOSEEER S L, BEFEID 500ml i 70~100ml Z#HRFEL7:.
D& & DBFBIGEEERIZ 5X10-°~7X10-°* g mol Oz/ml/hr/atm TH 3.

Table 3. Effect of culture medium and feed volume on the production of 35NT
antibiotic substance by shake culture.

Kind of culture Elenelg Z?- 72hr 96hr ' 120hr
medm | ™G | oM | G | 8 | Gmh | oM Gt
150 8.4 350 8.6 25 | s | —
100 8.4 25 | 8.7 400 ; 8.8 L
b 70 8.4 250 | 8.7 .40 | 88 | —
50 8.4 200 8.7 200 E 8.8  —
1 | ‘
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150 5.4 94 5.8 70 7.2 -
100 7.2 350 7.4 225 7.6 —
¢
70 7.8 400 8.2 380 8.4 —
50 6.4 250 8.4 150 8.6 -
150 5.6 300 5.6 160 7.0 130
100 5.8 380 5.8 230 7.8 170
F
70 6.6 235 7.0 120 - —
50 7.0 35 7.0 24 — —

DEICHIERREPRERCEXIZTHEICOOTRR L. $4b5 500ml IO 7 5 2 2 1Z(B)#sH 100ml
A A TR AT, 2485 % & CEERHIC 5ml SOBE L THBORIESTE - 7. D REEIZ
RSS2 ] 24805 R, O6MSRI & L7 b OOSAE R4S ICEENEMNAL SND AR L. MEWOLEN
HDERIZFBD SNILD - 7ods, HREER]OIEMBICHEFIRHIEE & D DSR4 IR 2IRE L. S ICESH
WLy 7B REERRETE -7, TRbH5 1807 3812 100 ] OB A HABASEERIRE 7 5 2 28]
BERAITIE - 1R % 3 B1ERE L o BEEEE 1.0 vwm BEREEEI IR A 300 rpm OBBIEH TRMER AT
S TRERO—FliL Fig. 2 0T TH 2. UHEEBRIBEERERLOM L 110C THE LTk, 28X
T —VEEICE D BRI Somogyl ZEEEICL D ENFNRE L. REEEICHEL, £EREBORS
A0RFRRT R TREIEICERET 2. SOICNIBBOY + 77— AV E—I12 201 OEMAHAL, BZE] vwm
DO—EME & UFERCE 200, 300, 400 rpm (CZ5TE LT ALEEM: A4t Lok Ri2 Fig. 3 KRTE 0T 5.

TIEHH 400 rpm ITBNTE U AEBIFI SN TNS.
TORERET D ke DEIZFNEN2.4, 6.0, 9.0X10-°
g mol/ml/hr/atm TH Y, £OEMICET 5 BEARE /ﬁ%

)
)

BEIEHMM C DL S BB BED 1225 LEZLHNT, g Vs
o BEBHOREBILES bOTHSH. % /- BHIER, 83| o menn 7SS
BE% 2 5% C L300, 400 rpm DO&ETEE LS ; § x: g::ib‘ioﬁc activity /// ‘% ;'fzg
BR300 pm TEL ML, ARICA0mPm  §E et Y/
CBNTREESIG SN, CORERI Fig. 4 1TIBR g ) a0
L.

(IV) 35NT #HREDMHMERLE - BILSMMR

4. HMHFRE  ERPEO pH £7.01CHiE cEER
L, 1 BEERZRN LT, iEYE SRS Lns. pH2
DWRBBERYE # £ / ~ T ZOEW®K D SHE BT,
£/ —IiEA pH 4.0 TG EZER L, T DEREK
ERICRE AR VBT £1778 5. thBESREL, i
UBHER * 2 / —VICTHAMEOR S AR Z, A2/ —
MVIETRIZ PH 2 1T L IGOEIER O 5 5 4% WEEEY
LYad it LoBal, BEBHEHRYY VY IC BRe |
L3, ©Y SvBEBABREL, €)Yy EREL ok 1 O e s O

0.1

B IR L BUK% 5 BB O = —F v x B UIER Time Chr;

IR TN ECOBEEET S, soix 2/ —u, Fig. 2. Time course of submerged culture
T X/ —NMCTERETNE, REROMKES 2. ik of the strain 35NT in 180/
B oD 35NT HEOBNRIIN 12 TH . BEE fermentor.
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L lor P e s &
2 el L7 {1002
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3 8 7 4 / 1 %% 18 B
€ 4r| 7 /A/ \ 1897 Z s ] Ja0 E
= 2r '/ Antibiotic 1 702 S 4 =
€ 7 activity 1 g g . ~
~ 0O+ 60 - 2k - 300 —
g Residuol ] \ 2 N A { =
= 10 990 / 1 50% % 10l wi y =
£ N ) 1 40 08 : - Hdeoo g
% 08 ‘ﬂa (,7 ;:;ZOOrpm < 3 \ ~ / 1 %
508 r R 3% 30 2 06f o ] 5
E ! A pm_ & 0.4 = 300 rpm \ 4100 ,<Cn
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£ 02+ ,ﬂ/\§q§\ 10 o2} T
‘S i - i R L 1 P AT : R
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Fig. 3. The effect of aeration-agitation

Time (hr}

on the production of 35 NT-

Fig. 4. The effect of agitation on the produc-
tion of 35 NT substance using the
concentrated medium.

substance.
Medium: Aeration: lvvm
Glucose 1.0% Kai: .
Pepton 0.5% 200 rpm  2.4X10-5
NaCl 0.5% 300 rpm  6.0Xx10-°
Soybean meal 0.5% 400 rpm 9.0x10-%

Ca003

pH

0.3%
7.0

g mol/ml/hr/atm

BOE LB EIKRBITETRET 3 L ENTE .
2) BALEHIHE

i)
i)
iii)

iv)

v)

TES C : 44.39% N: 7.70%
H: 6.62% O :42.29%
SFE . 380 GRKIFMERICK 3 BELTE

L17cdioTHFR ELTER CuHaulNO, E73 5.

PR 1 238~240°C

AN Fig. 5 IRT & L IFEDENE
BRIZEB» SN, 275 me OBEDOBNEZ
NO: EkkzbnEEZ N5,

EMEL i =) w ¥ a, SV =R, B—T 0
—Jv, =ruof, TXF, =Y LETVID
v, va VA FALY b — 2 DR EEET,
M7 =) VEFE, iE(bgk, RO, 92T
U4V, Ea—Ly b, =VEFIY, 72~

Voot BEE, TV y—ENF Y, ~FY—Z,

Fh=Z, B, =7 Na—VOREITTNT
el TH - 7z

vi) FRIRRIRARZ b5 o LRI Fig. 6 (ORT

TELTHB. T1bb 335 O —73—CH

Medium : Aeration:lvvm
Glucose 2.0%
Pepton 1.0%
NaCl 0.5%
Soybean meal 1.0%
CaCO, 0.5%
pH 7.0

LOF
0.9f

T

08
o7k
.06

T

_§O.5~
od

So3L

02 -

O.1r
0

Fig. 5

350 400
(mp)

300
Wave length

220 250

. Ultraviolet absorption spectrum

of 35 NT substance.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

390 3 == R S - (BBT 54432, 19664F

DEHER., 6.0 ODY¥—~712= b ) LEES%E, 6.5,
7060 D~ =troE OFEE 2RLTWHAE.
IHIT 9.0 WHEDEY— 72T RFVFEIZT—
FAKEEDEEERLTHE D IROEHRR GO
BLIHELTOG. /\\~
vil) JRRME D AR/ =N, TR -0, K, YD ‘ - 3
Vb LORERL, BB T, BT F Wave length (4]
My JBERNLT R —NVITORERT B, L Fig. 6. Infrared spectrum of 35 NT
2 UEMI— TN, XYYV, T—FNICI3EE substance (in KBr.).
TH 5.
viii) R—s¥—Jm2 + S5 AL TREOERICHT S
35 NT 48 ® summerized paper chromatogram
i3 Fig. 7 IR g &L ThH 3.

00

o @
O O

3

Transmission (%)
D
o

(o]

5. MEANRYI FS5AL  35NT EFOHEL-EED Ry
M, BE, RuCHT3RORBIILEE R Table 4 i
AT, TROLRGEIL S5 sBHEICK L 0.5~1ug/ml
OEBETHEN R LUEME 7 Fo R, BEKICIIES O
BHERLTVS.

Water % 0 s
Broes ST ALy Koo lrome S SRR
anol

butonol  woler
methano!

= = Fig. 7. Summarized paper chromatogram
of 35 NT substance.

RS UTHEEL 72 35NT HE L RABRIL 2 <7 b

N, EERIEOEED D, = F oEAHT D C L AE Table 4. Antimicrobiol spectra of 35NT

: - substance.
L, 777 bGHROHITIEN 2R ITHEHETH 2. L
TetSioT=t oz b OBMOFAEYE L RT3 L s T , Minimal inhibition
est organisms concentration
5. BRI OHUEME & LT chloromycetin®, azomycin®, (pg/ml)
aureothin®, bovinocidin®, cereviocidin® 3% 1 S 3. '
UL, azomycin 12 CoHsOsNs ik ic RIEME <51, Staph. aureus Terashima 1.0
aureothin (3447 LTH D, bovinocidin (I figiss S aureus 209 P 0.5
66~67CTT —FTNMICEIETH YD, cereviocidin {2 CaoHas S gureus resistant strain 0.5
NO« TT 2 b Y, BB F v, 7 BamValCRETE g 100 om0 0.5
SIEBRICHENZRTATENFNPEBICHEHE LTS, £ coli 100
. co
% 72 chloromyecetin |35 £3150~151°C e C1,H;2N,05Cl, con
THY, CNOPEHICRBEIYMETH L. Lizhi->TIBNT B. megaterium 25
PHEEBZEFLIEYETEBEEZ BT ENTED. B. anthracis ~>100
A. aerogenes ' >100
B. subtilis 0.25
# iR
Ps. aeruginosac 100
R=V VY, APV LYY, JoovL wFy, Asp. niger ~100
FEIHA LYY, TYRowL v EEOTRgE | C- albicans 100
MBI UTE 2 S Lcy FoRBICHB I 25T 2 M. phlel 0.5

TEDBCEET 2 HMBEELEI O D8 L, BZTE
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BT U 7ckER, Streptomyces celluloflavus var. 35 NT L& L7, 35NT EFOITFSHIBEERELHREL,
EEFKRD O 3NT SHEOMEBREEZRE LR, BHREERERYE # %/~ TIERL, B, v
VUEhtk A 8/ —n, T—FEEICT 3BNT YEOMRED 2 EBTEL. KYFIZHER 238~240C
T, 2OHFE, 5FRiF380, CuHuN:Oio TH 3. FTBERIC= bnE LRV M=% EFE LTV AHR
EMBTH->T, 77 LBHBEICHLTOAMBENZETI I EMNBED LN

RRROBEL H7- D EEE L BRD - T A RERHTREZTRE, RERFEHE, KRASITEE, FAMEEHR, AO
AEBERC L5 BBMOBERL ET.
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