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Abstract

Antibiotics are substances produced by microorganisms that kill or inhibit and are essential for infectious diseases
management. This study aimed to provide basic data for overcoming antibiotic resistance in the marine bacterium LJ-18.
The API 20NE and API 50CH kits were used to identify this microorganism. Morphological, physiological, and bio-
chemical properties were investigated using MacFaddin's manuals. Subsequently, isolated 1J-18 was found to belong to a
genus of Streptomyces that forms mycelia. LJ-18 also grew well at 28-32°C on modified Bennett's agar. To isolate and pu-
rify the antibacterial compound, 1J-18 culture was divided into ethyl acetate and distilled water fractions. Considerable
antimicrobial activity against various pathogenic microorganisms, including methicillin-resistant Staphylococcus aureus
(MRSA), was confirmed in the C;g ODS open column fractions. Peak 2 compound was obtained using reversed-phase
HPLC. As a result, this compound had a significant antimicrobial activity against various pathogenic microorganisms. In
particular, it showed strong activity against MRSA, Mycobacterium smegmatis, Bacillus subtilis, Bacillus cereus, and
Staphylococcus aureus.
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Kim, 2003), M=-& 38A19] 7} ddo] 523k A
ot

2o A= nPEERE 2o ddE4
2K, 9] Streptomyces &3} Bacillus &2 3=
dol =z 2 A gt} e5d AHg-Sh= A9
70%7F HATolA FEiEeBR ) WAad 2l 23
AR AloF o] Fadh ddor oA Q)
tH(Jakubiec-Krzesniak et al., 2018). &3] <
T332 ceblantin (Moon et al., 2019) ¥ bohola-
mide A (Seo and Moon, 2021)52] M2 Y=L
off thet K117} hirs] o] oAl Qlr}, whahA] thek
gt Ade) 25 83tE Kol P EE-E ik
Streptomyces &2 M2 YA NEHPe=A 1
ZEx7F wi Fa @ 4= Qlvk. Teiv gEE '
Ao RE ES nES ez st o gon
2 OAWATES Alolstr] YsiA= s rld=olA
A2 FZo} HAUSE 7H= F8A 9] 7ide] 4
Ast}, olo] AXAEL i IdE A HAES
HAzHog A4stal Aok(Proksch et al., 2003). &
Aol g =)7] g2 g B2 dutd o g KEQE
et 128 7 AT e 1AES HRE s
o] o Z A 2AHLoltkjose and Jebakumar,
2014). E3F 19859 20124 Afe] afjFellA] 2]
H e 24 24 F 37%7F Sl nAEolA T
QA1 % 47%c SN T f2 23 =R,
N FAw-2 A= B4t Fagh 2ot
(Hu et al., 2015).

2 Ao B Streptomyces sp. 1]-18 5
oF 22 &2 Streptomyces &2 EFol @8] EiLsH
215k, G5 sfFellA EAsH = gt s WA
1984 ] A2 TAE ] 2 M(Helmke and Weyland,
1984), L o] %5 A A|A o] =F e ol A s Al
o 22 FEol Wol LA UK Freel et al., 2012).
TR, S P2 AT M= A BAREA
1 530l 4551 It (Manivasagan et al., 2014).
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Ao sttt ol BF dl4] 2&== 25T
ot A4 A =E modified Bennett's HiZ](Jones,
1949)°f =gste] 24709] siof midE 2 e &
2513l 32k 4 Fot] ewEE Rt = 3§
Z Byt &R 24709 Ry =58 742
100 mL®] modified Bennett's HAEA]of] -5+
25T, 100 rpm & 7947t v gstoiet. Wi s5dE
< disc agar diffusion assay (National committee
for Clinical Laboratory Standards; NCCLS, 2009)
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gotr 7] ol AHEH B T Sotista Ho|
A 44 223t MRSAS! DA 83} DA 169] 278 =<t
KCTC (Korean Collection for Type Cultures)ll Al
BFIe Mycobacterium smegmatis B CCARM
(Cultures Collection Of Antimicrobial Resistant
Microbes)oll Xl B¥2 Bacillus subtilis, Bacillus
cereus, Escherichia coli, Enterococcus faeca-
lis, Staphylococcus aureus 27\ &5, Klebsiella
pneumoniae, Pseudomonas aeruginosa®l 871 «
FE &2 A¥ol AFEsHtH(Table 1). ©]2I3t BF
FE2 NB (nutrient broth) Hix|oll4] 25-30C =71
o= HjeFSHGiTh.
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Zstodet. 71240 A Bt e 9 Agelshd £
S+ biochemical tests for identification of medi-
cal bacteria (MacFaddin, 1980)2] -2 Wit} &
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Table 1. Bacterial strains used in this study
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Test strains

DA 8 (MRSA)"
DA 16 (MRSA)

Mycobacterium smegmatis KCTC? 2002

Gram positive

bacteria Bacillus cereus CCARM 0002

Enterococcus faecalis CCARM 0029

Bacillus subtilis CCARM® 0003

Staphylococcus aureus CCARM 3089 (MRSA)
Staphylococcus aureus CCARM 3200 (MRSA)

Klebsiella pneumoniae CCARM 0015

Gram negative

: Escherichia coli CCARM 0230
bacteria

Pseudomonas aeruginosa CCARM 0219

U MRSA strains were isolated in Dong-A University Medical Hospital.

? Xorean Collection for Type Cultures.
3 Cultures Collection of Antimicrobial Resistant Microbes.

St API 20NE®} API 50CH kit (Bio merieux Co.,,
France)°ll Bi%fste] 21 A3 apiweb™ database®ll
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ahRe F Wg BuEel 99 118 %8

single colonyE 2415t ©]& 100 mL2] modified
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(g x 140. olso2E S/, 20%, 40%, 60%,
80% % 100% ™IEr3t dichloromethanes AM&-5t
Art. 7429 o] 5 o 2 HE BES fraction 2 A
F 550kl A A1 g+ F-E SH5HATt 7
2 o A4S B 60%2 80% MeOH +8& &
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Table 2. Operation conditions of HPLC (high performance
liquid chromatography)

Instruments Agilent 1100
Column YMC-PACK SIL
(250x 10 mm, S-5 m, 12 nm)
Mobile phase A: 80% MeOH, B: D.W.
Gradient A: 80%, B: 20% in 30 min
Detection Abs UV 210 nm
Flow rate 2.0 mL/min
Injection vol. 30 u

2 Ao E FAF 25 Shifrto] 23 sfipol 4] A
¢t 3145 modified Bennett's BEujz|of] =5
o, 24709] S PI=E egEestlnh ol #FE
MRSAE Zgsh= 9719] ¥ nld2<l thofl & &4
= HAS. &, 9 #FE Aol | Ad e R
M, 24719] 4—7—5 £ modified Bennett's AEZ] o
HHo]:g].oq Hfjof ==l 0] SHA]S A5t 7HY =
2 gt BS B3l #5E 1J-18°]7H L Pt
A% A= Table 30 YA 1J-18 #9] vl
200 400 yg/disc®] =4 DA 16 (MRSA) #5
o 20 mme AaNEE, Staphylococcus aureus
CCARM 32002} Bacillus cereus CCARM 00021 Z+
7} 10 mme] sk FAgstoint olz2fet A=

r

(Park et al., 2013)°] 23St Bacillus subtilis MP56
o] s dHTt 108 o)A =2 Aol

WD15.7mm 15.0kV x3.5k

Fig. 1. SEM photography of Streptomyces sp. L]-18.

1J-18 w52 54= flotod ‘3H°]:7‘4 FEA, A=
4 yetetd EAJEE AR A= Table 49t 500 Y
it & 5= I Y o= AArdn] A A
712 Fig. 17+ 2}, EqH A meFo] FAAIE P51
I, FAAS] B2 wjESk . Y ALE2E o] FL 9l
IoHFig. 1). Modified Bennett's agar B[4 2
e Hepdol Z2UE P45tItHTable 4).
Streptomyces &9 S22 9| M2 HALe} o] A
of whet thefetd], ojzldt EA-2 - HijA] AdollA
Streptomyces®] T2 o5t sttt 53] 19664

A =2 A ISP (International Streptomyces

Table 3. Antibacterial activity of culture concentrate of Streptomycessp. 1]J-18 against pathogenic bacteria. Concentration:

400 yg/disc

Test strains

Inhibition zone diameter (mm)

DA 16 (MRSA)” 20
Bacillus cereus CCARM? 0002 10
Gram positive Bacillus subtilis CCARM 0003 -
bacteria Staphylococcus aureus CCARM 3089 (MRSA) -
Staphylococcus aureus CCARM 3200 (MRSA) 10
Mycobacterium smegmatis KCTC? 2002 -
Klebsiella pneumoniae CCARM 0015 -
Gram negative Escherichia coli CCARM 0230 25

bacteria

Pseudomonas aeruginosa CCARM 0219

U MRSA strains were isolated in Dong-A University Medical Hospital.

2 Cultures Collection of Antimicrobial Resistant Microbes.
3 Korean Collection for Type Cultures.
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Table 4. Cultural characteristics of Streptomyces sp. 1J-18
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Color of Substrate

Medium Growth Color of aerial mycelium mycelium Reverse color
Modified Bennett's agar Very Good Abundant, Pale yellow Purplish red Purplish red
Tryptone-yeast extract agar (ISP-1) Good Thick, Light gray Deep yellow Pale yellow
Yeast extract-malt agar (ISP-2) Good Abundant, Light gray Light brown Dark brown
Inorganic salt-starch agar (ISP-4) Good Abundant, Light gray Purplish red Purplish red
Peptone-yeast extract -iron agar (ISP-6) Moderate Moderate, Light gray Pale yellow Dark yellow
Nutrient agar Good Abundant, Light gray Light brown Dark brown
Table 5. The morphological, physiological and biochemical characteristics of Streptomyces sp. 1J-18
Tests Results Tests Results
Morphology Carbon source utilization
Gram-staining + D-Glucose +
Spore surface Smooth D-Xylose +
Spore chain morphology Spirales L-Arabinose -
Type of diaminopimelic acid LL-DAP D-Galactose +
Growth at: L-Ramnose -
Temperature range 15~38T D-Fructose -
pH range 6.0~9.0 D-Maltose +
Tolerance on NaCl 1.0~5.0% D-Serine -
Optimum growth at: D-Sucrose +
Temperature 28~32C N-acetyl-D-galactosamine +
pH pH8.2
NaCl concentration 3.2% NaCl
Production of H,S +
Liquefaction of gelatin +
Degradation of casein -
Hydrolysis of starch +
Reduction of nitrate +
Glycine -
Sugar Glucose, Ribose

Project) o] Wo| o]- 8= Ql=t, ISP HiA] /el
A ez 1J-18 2] B 9Fehd E4S Table 401 7
goiqltt. Alzdols ofu|ic4te] g FH<QA DAP
(Diaminopimelic acid)E LL FEiZ 71 e
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(A) 400 pg/disc: 25 mm (B) 400 yg/disc; 20 mm

Fig. 2. Antibacterial activity of D.W. fraction of Streptomyces sp. 1J-18 against (A) Staphylococcuss aureus CCARM 3200
and (B) DA 16.

(A) 400 yg/disc; 10 mm (B) 400 ug/disc: 25 mm

Fig. 3. Antibacterial activity of D.W. fraction of Streptomyces sp. 1J-18 against (A) Bacillus cereus CCARM 0002 and
(B) Escherichia coli CCARM 0230.

D-Sucrose, D-Galactose, AN-acetyl-D-galactos- 3.2. L-189| &= 25l20| gt e =HA
i oFAJo]9) - Z L A5 A o]
amine®ll ¥/Jo] U H(Table 5). 1J-18 &= AF A< 1J-18 F% BJ9FHS ethyl acetate®} butanol

T ATe] JeiA, e D sty EES Belon,
apiweb™ databasedll &8st 1xH o2 EF5HH
A HERY AT Strepromyces 2.2 SR1E] 0],
B d55 Strepromyces sp. 1]-18=% HE5F Lt

o|FEHf sto] A2 =5 ELEA ot Do) UE
wom, I A= o3t ZoFig. 2, 3). &5 =8
E2 400 yg/disc®] sZolA Staphylococcus aur-
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Fig. 4. HPLC chromatography of C18 ODS 60-80% MeOH fractions from Streptomyces sp. L]-18.
Table 6. Antibacterial activities of HPLC peak 2 compound against pathogenic bacteria
Inhibition zone diameter (mm)
Test strains
3.125 (ug/disc) 25 (ug/disc)
DA 8 (MRSA)” 35 35
DA 16 (MRSA) 27 35
Mycobacterium smegmatis KCTC? 2002 25 35
Gram positive Bacillus subtilis CCARM® 0003 25 35
bacteria Bacillus cereus CCARM 0002 25 35
Enterococcus faecalis CCARM 0029 - -
Staphylococcus aureus CCARM 3089 (MRSA) 25 35
Staphylococcus aureus CCARM 3200 (MRSA) - -
Klebsiella pneumoniae CCARM 0015 10 27
Cramnegative .y o richia coli CCARM 0230 25 35
bacteria
Pseudomonas aeruginosa CCARM 0219 23 35

U MRSA strains were isolated in Dong-A University Medical Hospital.
? Korean Collection for Type Cultures.
3 Cultures Collection of Antimicrobial Resistant Microbes.
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(A) 1: 3.125 yg/disc: 27 mm, 2: 6.25 yg/disc: 32 mm, (B) 1: 3.125 yg/disc; 35 mm, 2: 6.25 yg/disc; 35 mm,
3:12.5 ug/disc; 35 mm, 4: 25 ug/disc; 35 mm. 3:12.5 ug/disc; 35 mm, 4: 25 pg/disc; 35 mm.

Fig. 5. Antibacterial activity of HPLC peak 2 compound against (A) DA 16 and (B) DA 8.

(A) 1: 3.125 yg/disc; 25 mm, 2: 6.25 yg/disc; 27 mm, (B) 1: 3.125 yg/disc; 25 mm, 2: 6.25 yg/disc; 27 mm,
3:12.5 ug/disc; 32 mm, 4: 25 ug/disc; 35 mm. 3:12.5 ug/disc; 32 mm, 4: 25 ug/disc; 35 mm.

Fig. 6. Antibacterial activity of HPLC peak 2 compound against (A) Mycobacterium smegmatis KCTC 2002 and (B) Bacillus

cereus CCARM 0002.

eus CCARM 32001 thall 25 mm®] As&-& K it CCARM 023001 Hisid 24l S71skA] efkont,

oleidh AW 2o oA AP 18 FFe  olF AW AA A Byl Frkstert
Hla 5%00] 10 mme] Asehe 12l A ulws)

= off &4o] 37HSES HojErt 12y D.w. 24 3.3. LJ-180]| Miitst= et S22 A L a2
20 7 _ _ _ _
B2 Staphylococcus aureus CCARM 32007 G BHL B3 S22 BHES Cp ODS open

Bacillus cereus CCARM 0002 2 Escherichia coli
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(A) 1: 3.125 yg/disc; 10 mm, 2: 6.25 ug/disc; 15 mm,
3:12.5 ug/disc; 15 mm, 4: 25 yg/disc; 27 mm.

(B) 1: 3.125 wg/disc; 25 mm, 2: 6.25 yg/disc; 25 mm,
3:12.5 ug/disc; 32 mm, 4: 25 ug/disc; 35 mm.

Fig. 7. Antibacterial activity of HPLC peak 2 compound against (A) Klebsiella pneumoniae CCARM 0015 and (B)

Staphylococcus aureus CCARM 3089.

(A) 1: 3.125 yg/disc; 25 mm, 2: 6.25 yg/disc: 30 mm,
3:12.5 ug/disc; 32 mm, 4: 25 ug/disc; 35 mm.

(B) 1: 3.125 yg/disc; 23 mm, 2: 6.25 yg/disc; 25 mm,
3:12.5 ug/disc; 23 mm, 4: 25 ug/disc; 35 mm.

Fig. 8. Antibacterial activity of HPLC peak 2 compound against (A) Bacillus subtilis CCARM 0003 and (B) Pseudomonas

aeruginosa CCARM 0219.

column (DAISO, Japan)2 2 AZ2AtE Jeo]E 35}
o, & 79 BAGHE 20%, 40%, 60%, 80%,
100% MeOH, dichloromethane)s &%, 343t
WA Y s5oto] o S SN 2, 60%2t

80% MeOH 81514 & T B42 Selshaint.

o] 27119] Z8&& Tt 80% MeOH= °l54d2

2 st 94t HPLCE AAISHt. 1 A3t 5749
HPLC peak =382 A%eH, I% peak 2 S22
St Pt @/ o] YElET Peak 2 B0 &4EH

2 A2 HPLCE Wstel shlstglom, oln] vl5g
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AlZKretention time) 7.297 min®]

34. 2F

Streptomyces sp. 1J-18 BFH oA Eajgt 2|F
454 HPLC peak 2 85 25 1g/disc 55 H
2-fold serial dilution ot &+t &S SAT A}
= o2 ZtHTable 6, Fig. 5-8). Klebsiella
pneumoniae CCARM 00155 Al ¢Jstal, £ A& o]
St tiF-Eo] HY nAgESol thaliAl 25 ug/disc &
Lo At 35 mm olFe] vl =2 o 24
= ot E3 52 o] dFECllA 25 yg/disc &
Hr} 3,125 yg/disc oA &40l S7kote 2 2
WE HoFoh E5] DA 8 (MRSA), DA 16
(MRSA), Mycobacterium smegmatis KCTC 2002,
Bacillus subtilis CCARM 0003, Bacillus cereus
CCARM 0002 ¥ Staphylococcus aureus CCARM
3089 (MRSA) w5=¢ll thallA, 3.125 ug/discolAl 25

m o]/de] w9 =& gt &S HIth HH DA 8
(MRSA) ol HeliM= 25 wg/disc &=} 3.125
ug/disc A Asfgte] 2717F & o 35 mm9]
Asiehs PAdste] S3ko] B2 AR SAx =1,
o|Z-Z At 7|7 YR AX 54 BV AL
B2, ¢ 22 skoA Agstd o £2 ol & A
o2 Heltk, $HH  (Bang et al, 2011
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ofl4] MRSA CCARM 3089, CCARM 3090, CCARM
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16 mm % 18 mm®] %% clear zoneE HATIL B
NI =

2 242 3o

T 24820 2 44 2Y

ZY7} 14 mm, 16 mm,

Enterococcus taecalis
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ol =2 S Hol=t, & AFolA 2% HPLC
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