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Purification and Antibacterial Activity of Compound Derived from
Marine Actinomycetes
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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. 1J-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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resistant Staphylococcus aureus)?t 19618 =]

P8 A (antibiotics)= M=) Aitsh= 22 & o A AR, MARHSZ MRSA EEC] S7FH
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-lactam Al YAl AW AS 7131}, 53] W=
o] Aatd FatolAlA Auuted, |9, T, 54

9 wputg 5o % 49Me 407B2(Ha and

Received 2 February, 2024; Revised 28 February, 2024;
Accepted 12 March, 2024

*Corresponding author : Seong-Yun Jeong, Department of
Biomedical, Daegu Catholic University, Gyeongsan 38430, Korea
Phone : +82-53-850-3772

E-mail : jsymicro@cu.ac.kr

© The Korean Environmental Sciences Society. All rights reserved.
€0 This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.5322/JESI.2024.33.3.205&domain=http://journal.kenss.or.kr/&uri_scheme=http:&cm_version=v1.5

206

Kim, 2003), =2 3821 9] 78} o] a3 Al
ot

R-2o] PgA = BT E EaE dAdEH
B2A, E9| Streptomyces &3} Bacillus &2 3=
dol vz & A gt} @59 AH8-Sh= 3EA19
70%7t WALl A fEEenz BHATE | 24t
A2 AloF 7ol Fath ddor oA gl
tH(Jakubiec-Krzesniak et al., 2018). &3] <
T A32 ceblantin (Moon et al., 2019) ¥ bohola-
mide A (Seo and Moon, 2021)52] M2 THEH
of thet H7t gs] o]z it whEhA ohF
gt Ao 2|5 §iE Hole= &+ EEE Aibot=
Streptomyces &2 M= YA NEHPe=A 1
ZE7F w9 2o @ 4= Qlek. Teiv g Ed '
A2 i 2 EGF uAES tifez et ol gon
2 A= Alofstr] AsiA= s mIAd=olA
N2 T2 HAUEE 7= 8A9] 7ol 4
Asitt, olo] AX=EL g vAE i dA=S
AFH o2 A4stal Ith(Proksch et al., 2003). &
Aol g =7] 2 g B2 gty o g KEE
S5t 125 7 B Be eSS RS vhs
o] ofe- 2 A AHLdolthjose and Jebakumar,
2014). E3F 1985 FE] 20121 Ate] sjeFolA £
A9 24 24 F 37%7t Sl nAEolA T
QA1, T0F 47%w g T 7= 23 A= E,
S w2 AP B4t Fagh 2ot
(Hu et al., 2015).

2 Aol B Streptomyces sp. 1]-18 T
oF -2 &9l Streptomyces &2 E] @& st
215k, G5 ool A EAsH = gt s WA
19849 -2 WA E A S H(Helmke and Weyland,
1984), 1 0| % & Z M|A| Q] 5 7 ol A sl A+
o] 22 FEo] o] HAE UK Freel et al., 2012).
TR S PAFE FE T A= A A=A
I 530l 4551 It Manivasagan et al., 2014).

mEbA] 2 Aol A= g AT Streptomyces
[J-18 #& =loto] 11 FHIet A2l 4, Aeled &
A& A 3 o] w57t hbote 3t =4S

2.1. i Yo 22| Y BE dFo| Bief
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MRSAE Zgato] theket B¢l u)d=ol thste] 3
oSS 7= Sl TS Eelsh] Slol, FAt
X gHlthe] B3 silE EvE MB A7 = Bt
o= Afootgiet. ojn BF oo == 25T
ot Q45 Al=E modified Bennett's HiZ](Jones,
1949)°l] =gsto] 24709] siof miAdE 2 HHe &
g5, 32t 4 Fot e E Rl =
7 Hetqlnh. oo H 24700 Bt dE2 2t
100 mL®] modified Bennett's A =] o] 55}
25T, 100 rpm 2.2 793t vieFstaitt. v s5ds
< disc agar diffusion assay (National committee
for Clinical Laboratory Standards; NCCLS, 2009)
Ho g ot FS Sttt +FEY S 55
Z ot Yol B2 FFE 4 AEsHaTt

[J-182] MRSA % H¢ n|8=of gt g« 4=
dote 7] §Jof AHRH BE FF= Fottish HHof
A 4 B85 MRSAS! DA 83t DA 169] 270 &<}
KCTC (Korean Collection for Type Cultures)llA|
B2 Mycobacterium smegmatis 2 CCARM
(Cultures Collection Of Antimicrobial Resistant
Microbes)ll Xl B¥2 Bacillus subtilis, Bacillus
cereus, Escherichia coli, Enterococcus faeca-
lis, Staphylococcus aureus 27N 5, Klebsiella
pneumoniae, Pseudomonas aeruginosa® 87\ «
FE 2 Adol AH8sttH(Table 1). ol2I’t #F
F5<2 NB (nutrient broth) HiZ]ellA] 25-30C =71

0]-8-5-2 ISP (International Streptomyces Project)
media (Shirling and Gottlieb, 1966)°l Bie¥shH &+
Zstginh. 7124 A T e 9 gsteks E4
S+ biochemical tests for identification of medi-
cal bacteria (MacFaddin, 1980)¢] & o5ttt =



Table 1. Bacterial strains used in this study
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Test strains

Gram positive
bacteria

DA 8 (MRSA)Y

DA 16 (MRSA)

Mycobacterium smegmatis KCTC? 2002
Bacillus subtilis CCARM® 0003

Bacillus cereus CCARM 0002

Enterococcus faecalis CCARM 0029
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.

2 Korean Collection for Type Cultures.
3 Cultures Collection of Antimicrobial Resistant Microbes.

?F API 20NE%} API 50CH kit (Bio merieux Co.,,
France)oll Bl%fsto] 1 A3LE apiweb™ database?ll
Aot &(genus) T=7H] 75T
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open column (DAISO, Japan)

o, AEE A5 FEES FAE 5751 column
o] Folg AAsIrhk Y715 B (ar’h) = A8 T
(8 x 140. °1540 2= T/, 20%, 40%, 60%,
80% ¥ 100% ®IEr3t dichloromethanes AM&-st
Aot Zrz+e] o g Ao 2 HE] B89t fraction 5= 4
I sEot] FAE A e S St M

H O
E2 P S HA 60%2t 80% MeOH 2= &
&sto] 94F HPLC (A1 YMC-PACK SIL, 250 x

10 mm, S-5 i, 12 nm, ©154: A: 80% MeOH, B:
D.W)E Al¥stath. oldfl o442 3087t 2.0
mL/min®] §£4202 ZHFUN, AR F230 WA
FYstgoen, 210 nm UV mbollA ZAstct
(Table 2). 71 A¥t=2 92 3% +=4=4 HPLC peak
2 E38L 25 yg/disc ‘F=F 2-fold serial dilution
sto] BE A5 thet o S SHsHAr
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Table 2. Operation conditions of HPLC (high performance

liquid chromatography)

ox
o

Ho

Instruments Agilent 1100

YMC-PACK SIL
(250x 10 mm, S-5 im, 12 nm)

A: 80% MeOH, B: D.W.

Column

Mobile phase

Gradient A: 80%, B: 20% in 30 min
Detection Abs UV 210 nm

Flow rate 2.0 mL/min
Injection vol. 30 w

2 AAA = A 2 ghlthe] 33 sfigroll A A
¢t 3= modified Bennett's FHuiz|o] =5t
of, 24709] S v =S TR sttt o] FrEE
MRSAE st 9712] B4 n]d=ol sl < 24
< AQotA. &, 4 HFE Adst= A Aoz
A, 24709] #3552 modified Bennett's SAEHZ] ]
HjeFste], Hi) sE5AE2 S ST 7MY =
2 gt S B3l #5E 1J-18°]=H L Py,
A% A= Table 300 YESIE 1J-18 9] vl
FEH2 400 yg/disce HEolA DA 16 (MRSA) ©5
o 20 mm®l AN, Staphylococcus aureus
CCARM 3200} Bacillus cereus CCARM 000201 Z+
ZF 10 mm<e] AsighE FAstrt. ol A=

(Park et al., 2013)°] 2118t Bacillus subtilis MP56
o] S dHT} 108 o)A =2 Aol

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

[J-18 #F2 5782 floto] w4, Jeid, A=
9 ety EAJEE ZARE A3H= Table 49F 590 U
Rt 2 w5 O O o2 [ardu| 7 A
2 Fig. 137} Zr}, 5 A RoFe] HAAE d45H
o, FAAS] UL wj Bk A &2 E o] 8l
IoHFig. 1). Modified Bennett's agar Biz]ollA] 2
by Hepdol FR2UE PYASHUTHTable 4).
Streptomyces %2 FEY Q] M2 AR} mAFO] M
of whet thefetd], olzlgt EA2 g HijA] AollA
Streptomyces®| T2 -golsHA sttt 53] 19664
= A4 2 AHH ISP (International Streptomyces

> o

Table 3. Antibacterial activity of culture concentrate of Streptomycessp. 1J-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.



Table 4. Cultural characteristics of Streptomyces sp. 1J-18

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 15~38TC 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= 1 Ql=t, ISP HiA] /el
A e 1J-18 w9 v 9Fetd E4S Table 401 4
gt AlZEoll= opu|icite] F F[3 DAP
(Diaminopimelic acid)& LL FEIZ 7} Q1S
H, Hd 4 &= 28-32°C, ¥4 pHE 8.2, 24
NaCl 5=+ 3.2%3ct. E3F pH 6.00141 9.0714] <]
H| w2 g2 He]9] pH 2NN E & dHotalor,

9\1

5.0%71212] NaCl oAz A3t 4
5T olstoll A= AHkA] otk (Table 5). ©]
3B e
e HAFe 2 ToEg 5 1]-18 HEFE
s At A5, AR 7Rl
o] qlglon, 7HAIQl Eolls2

T
[72

= =2
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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 Strepromyces sp. 1J-18 against (A) Bacillus cereus CCARM 0002 and

(B) Escherichia coli CCARM 0230.

D-Sucrose, D-Galactose, N-acetyl-D-galactos-
amine®] ¥go1AH(Table 5). 1J-18 #F+= A4
AATe] FeiA, A D Aserd E4ES Belom,
apiweb” database®l ¥&ste] 1oz HF5HH
S AESH A Strepromyces 2.2 BRI o],
B 455 Strepromyces sp. 1J-18=% HHsFA Lt

3.2. L1829 &
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S|
—!Eg [uL 4

1J-18 ¥ WFH-S ethyl acetate?} butanol=
o]Z&H) sto] F2 55 B =olA o S0l Ue
H, 1 d3= o 2hFig. 2, 3). % =9
400 yg/disc®l sZNA 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
Gram negative  pe - ichia 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) (B)

(A) 1: 3.125 yg/disc; 27 mm, 2: 6.25 ug/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 pg/disc: 35 mm. 3:12.5 ug/disci 35 mm, 4: 25 yg/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 yg/disc; 32 mm, 4: 25 yg/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 3200°1 tsf 25 mm®] #sfighS K it CCARM 023001 dhisiA &/l S716kA] efskont,

oleid At e FEeld AU 1J-18 #F0]  olF AdE A4 FHelq B4l ZAstArt
wo} S52h0] 10 mme) Asfehe 1e) Az T3

£ ] 40| 57182 HojEr I8y D.W. 29 3.3. LJ-180] Miitsh= et S22| HA| L 22|
=20 o _ _ _ _

B2 Staphylococcus aureus CCARM 32003 i YL Hel % HIES Cy 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, (B) 1: 3.125 yg/disc; 25 mm, 2: 6.25 yg/disc; 25 mm,
3:12.5 ug/disc; 15 mm, 4: 25 yg/disc; 27 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, (B) 1: 3.125 yg/disc; 23 mm, 2: 6.25 yg/disc: 25 mm,
3:12.5 ug/disc; 32 mm, 4: 25 ug/disc; 35 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)® & A 2utE 1 u]E 3o} 1 2719 BEE-S &3 5te] 80% MeOHE o542
o, & 79 2A(GFE, 20%, 40%, 60%, 80%, 2 sto] 94 HPLCE AAlSHH. 1 23 5749
100% MeOH, dichloromethane)= €111, $]3t HPLC peak 522 430, 1% peak 2 EE A
ABAE Y s50to] o B S A, 60%2t S8k 4t /g o] UE T Peak 2 B30 =4

80% MeOH w28 Z°lA &2 It /4= SRlstH & AAF HPLCE dste] &elsti e, ofuf s



214

ox
o

AZH(retention time)= 7.297 min®l At (Fig. 4).

3

L

3.4. 2|3 ¥H a2 Y2 Y

A

Streptomyces sp. 1]-18 Ao A Eagt 2%
+=4E4 HPLC peak 2 &3 25 yg/disc E=5H
2-fold serial dilution ot @&+ 242 S At
= W23 ZtKTable 6, Fig. 5-8). Klebsiella
pneumoniae CCARM 00155 A &Jstal, 2 Ao o]
43 i FEE2] He nAdESl oA 25 ug/disc &
Lo At 35 mm oFe] vl =2 g+t 4
= Boloh 3 52 o] #5EllA 25 yg/disc &
Hr} 3,125 yg/disc oA &/do] S7tet= 2 2
e HoFth 551 DA 8 (MRSA), DA 16
(MRSA), Mycobacterium smegmatis KCTC 2002,
Bacillus subtilis CCARM 0003, Bacillus cereus
CCARM 0002 ¥ Staphylococcus aureus CCARM
3089 (MRSA) @5l HallAl, 3.125 pg/discelA 25
mm ©139] th-¢ =2 ot DS B3k THDAS
(MRSA) w#Fofl HiofiAl= 25 ug/disc F&=2F 3.125
ug/disc &AL Asfgte] 2717F & o 35 mm9
AafghS Aot SAFke] T2 Ao FAE =],
oA ASigre] A7 7F R AX 54 BV Ao
2, § 22 s Agstd o £2 4ol & A
o7 Hg S (Bang et al, 20112
Streptomyces sp. BCNU 1030°] 0.78 ug/disc 5%
o] MRSA CCARM 3089, CCARM 3090, CCARM
3091 % CCARM 3095°1 H3ll 22} 14 mm, 16 mm,
16 mm ¥ 18 mm] $°%t clear zoneE HHUTHL E
SLEI R =

2 BAS YA Enterococcus faecalis
CCARM 0029%} Staphylococcus aureus CCARM
3200 (MRSA)el tisiA= Bt B4 Holx| gt
Aol AHERF MRSA @521 DA 8, DA 16 ¥
Staphylococcus aureus CCARM 3089°1 sl =
2 24E B A v w e oy, 22 MRSA=E
o what gt Do) ThECHE AE AlALRITE $hH
Ao g A= I S4dEot 1% el

=2 24E Hol=d|, 2 A4 22’ HPLC
peak 2 A= |23 2to] o] Holx] gFglrt, o]
Aol Ax} 2 Ao A e =42 MRSAE ZE]
24 He nd=el
T 2 AE oA

h=}

Mo

BAZA AL s v
L ZAFF Bas} 9 Solet.

FYAE 1928¥ Fleming®ll 2Jaf EAE pen-
icilling Alx& 597t ooFgos AMEI §)
of, 22u A @ -89 A= dAU el &1
SHA =3, o] A= 4 e A AEE A5
A2 2] @2 kRt Q@ Edo] EAfchs oY
nAE2RE 2L FBAE Mdstels B2 A=
7} o]Fo] A1 QiT}, 2 Ao A= A 2 Gt
A A5t S22 RE MRSA 9 ohFst e n)AdEl
sl ot B8-S 7HA= N AT Strepromyces
sp. [J-18 #F-E 212, 55t v, AB2jeks, A
sletd] EA4& ARSI T o] #9] wigdE
ethly acetate?} RH-E= o|F-EHlistal, 3 &/d0]
= 52 C130DS open columnl. 2 At}

MeOH 5-& €&3ste 94 HPLCE ystict. 2L 23}
It 2ol 71 =2 % <=4 HPLC peak 2
=4Z BT Peak 2 42 3.125 yg/disc &
Lol A MRSAE Z3lsto] tiF2o] Had #53=(DA
8 (MRSA)¥} DA 16 (MRSA), Mycobacterium smeg-
matis KCTC 2002, Bacillus subtilis CCARM 0003,
Bacillus cereus CCARM 0002 ¥ Staphylococcus
aureus CCARM 3089 (MRSA)°ll sl Azl 25
mm °/39] "¢ =2 F B HEiIoh E3F
2 =4-& MRSAE Zgoto] ohafgh 1% 44 2 1%
9] e nEe] tiste] =2 g S o
Art.

2 AFolA 29, AT 2d2F M 249e
Foto] Thefet B nAg=ol sl 3t /o] ¢
R s ErEEEERTLEES
dreldohd =2 A=A 4244 7t
$ Aoy gEn

N do

ol

or op Hf H
52 o
o
d
u

A o] uf]

Aol 2

O] =82 20219 7 HEE o et St ]
2] el o3t Aol o] AALEHYTH20211191).
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