CrossMark
& click for updates

Korean Journal of Human Ecology http://dx.doi.org/10,5934/kjhe. 2016.25.5.629
2016, Vol, 25, No, 5, 629-636 ISSN 1226-0851(Print)/ISSN  2234-3768(Online)

oeFg AEgsad AERATd FaEE 2 EGRH
Streptomyces Virginiae2] %3]

Isolates of Streptomyces virginiae from Soil for Inactivation of Foodbome
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Abstract

We identified a microorganism with inhibitory activities against foodborne pathogens (Escherichia coli O157:H7,
Listeria monocytogenes, Staphylococcus aureus, and Vibrio parahaemolyticus) and plant pathogens (Aspergillus flavus
and Fusarium graminearum). A total of 2,106 microorganisms were obtained from soil, foods or food contact surfaces
for isolation of the antagonistic microorganism. The antimicrobial activities of the isolates were determined against
six pathogenic microorganisms using a double-layer assay. Only one microorganism showed inhibitory activity against
the six pathogenic microorganisms. The microorganism was identified as Streptomyces virginiae by 16S rRNA gene
sequence analysis and cultural characteristics in international Streptomyces project (ISP) media.
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T &4 (Bérdy, 2005)0|m o] AzjgdEde] 75 %t
ofofRolellr, 60 %7F FPEoRM FEEHI Sl
(Miyadoh, 1993). o] ¢Jol|= o] #-& #H71&E g (Kim
et al, 1999), 2% BEA Bl H7pAl (Wright &
Hopwood, 1976) 5 TRFet Ropold Zgwar ok
Streptomyces &5 {ref Ae|@dEHo] U=o] vhekst
2bjtopol| A EgEa UA|TE (Bérdy, 2005), HA7HA|
AP Lol AT Streptomyces &o] EH)ER= T
o] IgPrelyr SEENE  HAAK Wright
& Hopwood, 1976), 2B 5 o] WYatol
e Awt St ay= K ¢Jck(Saengnak et al., 2013). 2]
TETI e Wt sl FAlel Rt 24 Bl
Streptomyces 45 = AL A9 gt wehA Ab
#, 8, el He fdske e S o
A e At PES TeEke A AIEH e
2 HFgsit.

B ool BAe vk 84 (2% AE AE A

ngRe el NESTE
O157:H7, Listeria monocytogenes,

i,

= BH)e=YEH
(Escherichia coli
Staphylococcus  aureus, Vibrio parahaemolyticus)®} 2
AT (Aspergillus flavus, Fusarium graminearum)©)|

Al FEAE 2 ARVBES Bk Aotk

I, A+44
1. ZelnlMEs Wash| st 2ol olusel F|

2 Aol ARgE Hsl| wAE> Escherichia coli
O157:H7 ATCC 43895 (Ground beef isolate), Listeria
KCTC 3569  (Poultry

Staphylococcus aureus KCTC 1621 (Clinical isolate),

monocytogenes isolate),
Vibrio parahaemolyticus KCTC 2729 (Food poisoning
patient isolate), Aspergillus flavus KCCM 60330 (Corn
isolate), Fusarium graminearum KACC 46434 (Rice
isolate)o|t}. -20 °Ce] WA 15 % ZFEMEo] Shr
¥ tryptic soy broth (TSB; BBL/Difco, Sparks, MD,
USA)ol A=l 9 E OI57:H7, L.
monocytogenes, S. aureus stock¥} 15 % Ze|A|Eo] T
% marine broth (MB; BBL/Difco, Sparks, MD, USA)d]|
AAr=lo] A V. parahaemolyticus stock 1 mL< 10 mL
] TSBS} MBell zH2t #%&3}k9it). E. coli O157:H7, L.

coli

monocytogenes, S. aureusi= 24 A3t F2F 37 °CollA] v
B V. parahaemolyticus= 48 A7t F2F 30 °CollA] ujf
st} E. coli O157:H7, L. monocytogenes, S. aureus
o} V. parahaemolyticusS 232t 24 A7k} 48 A7 F2T wj
st Foll thA] 247} 24 AR 48 AR ZHA o= Wlol
£ o|-gsto] TSBe} MBel A Alch v Fateict. Al H 7|
) v 3 E. coli O157:H7, L. monocytogenes, S. aureus
= TSBoll V. parahaemolyticus’= MBe|| ca. 7 log
CFU/mLe] %2 3A&tedct. 4 flavuss  potato
dextrose agar (PDA; BBL/Difco) slanto]] Z]X o2 %3}
T 7Y B 30 °Collx wiFskItE. 7Y £, o] slanto]
0.02 %] tween 80 (Junsei, Tokyo, Japan)o| ¥3Id Hit
+ 10 mL& ¥l loopZE o]83}e] PDA HjA|dllA] A.
Navusg woPH STt Wl A flavusE Evtd A=l 4
U1, Aez FAE 20,000 x gollA] 152 F YA
2] 3} ¥ potato dextrose broth (PDB; BBL/Difco)el| 3}4]
A ca. 7 log CFUmLe] H=F vEQLh F
graminearum= PDA plateo]] HZ3l & 25 °C oA 7¢
F<t wjoksldt). 7Y & F. graminearumo] A2 PDAS
ZAANE 98l AMgsl= x| (Stiefel Biopsy Punch;
Stiefel Laboratories, FL, USA)Z o]-83}la] 6 mme] 7|
2z 5 31 o] 5719 agar plugE 250 mLe]
carboxymethyl cellulose (CMC) broth (ammonium nitrate
[NH4NO3], 1 g; monopotassium phosphate [KH2PO4], 1
g; magnesium sulphate heptahydrate [MgSO4 ¢ 7H20],
0.5 g; yeast extract, 1 g; carboxylmethyl cellulose, 15 g;
DW, 1 L)ol| ¥aL 25 °Collx] 5¢ o ehlek (200 rpm)
3k} 5Y &, spores EitE 71=o ZzYa, PDBY
843}e] 107 spore/mLo] HE= A3k

310
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A=

2. B2t AE, 4
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thekst Qe njAE| thel] FAKCE S B
ol mAES sl flete] EY A HE HE:
FHoRRY nAEES wElskrh EdelA ndeS
o] flske] 34, il Aol wiess, S5
H, A8 St o FH &4 EAlsk=
Z5}9ick. 10 cmd=e] zlo|2 IpA| UjFe| Qe
&S A o] F 1 g& 10 mLe] Eid /7T
of A Al7]aL X% wjFeksdct (200 rpm, 1-3A1RE
2). & wF T osjekdola] Fo] rhEigto e

100 pL= humic acid vitamin agarol] =% 3}l 28 °C

koge]
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ZH= EekRel Streptomyces virginiaeQ| 22| 3

oA 3790 QT WjRE Tl Fehsh e ke 4
A o

e Belstolt A ABEE AL (35, PR
A

A%, Az, A Bk FAE BT, A, 92
e ARk AAsE B Ao Tlaiel

I FAREE =R A APl ekt AlE A
Z2 10 g& 100 mLe| EFel] ¥ 1 & 5t ¢4
71E ol&3te wHslst ¥, o] 89 1 mLS JEF
F£aPHo g FMste]  tryptic soy  agar  (TSA;
BBL/Difco, Sparks, MD, USA)o| 3 &2 3}9ict. 25
°C ufjet7]ollx] 48AIE wlieF &, Theket Fefel Meof
o S ettt o] ks ohr] TSAd &4 =
wate] 24-48 ARE wieFEISlch 2% S mHoEs
SHet S A=) fE ARSSE Erkel A A
Atttk =rkel s Ead WEoZ Fo] 10 mLe]
0.1 % HNEFE I3l FHo = vortex FH|E
olg3te] 2 i B H £ IHA|A Aol FE
Hol = wAES Fg stk o] EEE mAE]
Z3rd JEH mL)E 9 mLe] FESFO SAHeR
s|AakaL TSAe] H = aFgirk. 25T 7] olA
48X wieF 3 9 HEhs BBk, o] v X
S thA] TSAY X T sfkal 24-48A17F B9t 25 C
o] wijF7]olx] kst

1>
I
J

i

3, E¢ MZ EHOZSE Rajd 0B
<)

o —
=9| floll old=0l chigt =3 &l

B NE AF 9% muo Beld 210679 v
AE FoAM S O157:H7, L.
monocytogenes, V. parahaemolyticus, F. graminearum,
A. flavusol| s FAlol dat 4 Z= n]AEo]
SAE gRlE Boktk & 6 TR sl vl AEl
FHEEE Hole #F7F IeAE Fsy] Hsted,
EgoA wejgk ndEe] A 9 Fos wgols
o]-8-5}¢] Bennet’s agar (glucose, 10 g; yeast extract, 1
g; tryptone, 2 g; beef extract, 1 g; agar, 15 g; DW, 1
Lyl & =aar 25 Celd 6 & wistkdct 3
oA Wi T, TF7F & AREA] gRlete] & AebA] X
g e Ee HES o83ty 2k g4l = g &
oAl 25 Collr] 3 st vk 3ksdth. 69 ¥, o=k
1-59] #AFS 8 & (05 g Glass bead |1,
Glastechnique Mfg., Germany)o] &2 10 mL2] TSB
o HFste] W& vk skt (200 rpm, 3¢, 25 T).

aureus, E. coli

NED} AF A% EHo Beld v 29 v
Heke wiZols olgalo] TSB (10 mL)d| FF3HL 25
Tl 24 AZE 2420 A A Wjekstsick. TSBo
X 33 Bt Wil = vIAES TSl 244]
2 Bl AES} AF 05 EHol Belw v
EE5S TSA9 10 pl® A HEsia
S AE <k MY Fuofx] Hx gk 5 25
71l 24 ARE FRE wistdch 24 ARE Y
45 T2 A% 99 mLe] TSA, MA, PDAE £413}9]
3 37 Colx 24 A7+ =<F TSBo| vk E coli
O157:H7, L. monocytogenes, S. aureus 1 mL-g FH|g+
99 mLe| TSAell, 30 °CollA] 48 Azt F<t MBel i<
H V. parahaemobyticus 1 mLE MA (99 mL)dl|, 12
3 79 %<t 30 Colld] PDAYY vioke A flavusst 5Y
F<t 25 TollAd CMC brothol] viE F. graminearum
< 9ol JdFE WHOE PDB Mg F 1 mLs &
H]&k PDA (99 mL)o] o] 10° CFU/mLe] #& 233}
+ 100 mLe] $EiA] (TSA, MA, PDA)S FHISHA
o). ziztel js) vldEe] ERHE FHANAE W WEG
7F Al TSAO| 10 mLA 273153tk o] & wlj#]
55 S AE ok Y el 30F w3 iz
%, S aureus, E. coli O157:H7, L. monocytogenes
37 TollM 24 AZY, V. parahaemolyticus= 30 Tl
A 481ZY, A flavus®} F. graminearumS Z¥Z; 30 C
o} 25 CellA] 48A1F viFste] Asfgte] 4ol =
715 gRlEtslt. 6 FFe] Sl wAE Rl Y

< Hol= mAEo] S=AE Fls) Hkth

rrorc

6 F7o f3l mdEel el Tl FrEEs vE
A Aatn|gEo] 16S rRNA #2418 9|3l Bennet's agar
of s wale] 25 TolN 32 B4t Mk ol
njPEo] witdE TAMIRE &) vl=E24 (Macrogen,
Seoul, Korea)ell ¢J2J8te] 16S rRNA 44} HAHE B
Aateict. 4" 2 dE] 16S rRNA f314; A1
9 s mEEel  fud 4uE  NCBI
(www.ncbinlm.nih.gov)ollx] R3S o] F-7x HH
52 o83l A=
software (version 5.05)2] neighbor-joining W}HoZ 1

o Ak A ARE 2 ngEe] S9e By

(phylogenetic tree)ES Mega
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. o nAEe Axs] slajed
Shirling and Gottleib (1966)e] F&o] elgl=
International Streptomyces project (ISP) Hj=|S A}8-3}
ok s Adwgshd AEol o 6 FF (ISP I
Tryptone-yeast extract agar, ISP 2; Yeast extract-malt

&rgo]  sh=A

extract agar, ISP 3; Oatmeal agar, ISP 4; Inorganic
salts-starch agar, ISP 5; Glycerol-asparagine agar, ISP
6; Peptone-yeast extract iron agar)®] ISP Hj=|o| H-g]
g mAEe wuske] 25Tl i 14U AgE F
I el AFAle} AABAA A, BgEEe 3

[e)

o

olatgliL, the Edl] Uelgls o] ulEw} Sxo]
Al B s
m, 23 9 3%

EMoZRE D=9 Fa|

<Table 1> EF, 2%, 2F HE mddA Eelgh
o] Jlroltt. Eo 2HE F2lE nAES 1,091

A, 2F AER AL} RN Zejd vE
& Z17F 208709} 10270990, AF HE BH HMER
=rje} Zol FejE ngEo] 7Jr7Jr 519} sl =,

HoRRE F 2,106700] m¥ES
ol nAES Zofet

EHle] A9k

2E, A Zd 4

wesige B b we
=

o
Hal 1 E]*ﬁv——-— A& AE HE:

2. BEY AE AME TF mHozREH Za2l8t njdE
=2 floll o|d=0l chgt e &l

(2,106 70) =M E. coli O157:H7, L. monocytogenes,
S. aureus, V. parahaemolticus, A. flavus, F.

graminearumol| 3l 312-S double layer assayZ o]

&ate] ERIFS wl, 6 7] Helwtol] thsl FAlol &t
PdE e o Bl 2Es n8E ) ol
At <Table 2> EfollA] Eefgt &S |83}
double layer assay® E. coli OI157:H7, L.
monocytogenes, S. aureus, V. parahaemolyticus A

Sflavus, F. graminearum| )3l &tes IS uf
Asjgte] 2712 WAoR BT Bl BN
28t nAELS S aureus (4.52 cm)>L. monocytogenes
(380 cm’)>E. O157H7 (254 cm’)> F
graminearum (1.78 cm’)>V. parahaemolyticus  (1.54
em’)>A. flavus (038 cm)e] AR 2 AHIS FA
sholek. o] ARE HykS “H ek B mlA=

S, aureusdl] T8 7 953 dgEe Es’iﬂ A
Aavus ol ti3l 7P A2 FtEs YeRlddh

coli

(Table 2) Antimicrobial activity of isolates from soil,
foods, and food contact surfaces against S,
aureus, E, coli O157:H7, L, monocytogenes,
V. parahaemolyticus, A, flavus, and F,
graminearum,

Microorganisms Zone of inhibition (sz)
S. aureus 4.52
L. monocytogenes 3.80
E. coli O157:H7 2.54
F. graminearum 1.78
V. parahaemolyticus 1.54
A. flavus 0.38

(Table 1) Numbers of microorganisms isolated from soil, foods and food-contact surfaces

Source Sub-category of source Numbers of isolated microorganisms
Soil 1,691
Fresh produces 208
Foods
Sea foods 102
Cutting boards 51
Food-contact surfaces
Knives 54
Total 2,106
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Cltst AlSSxnt AlSHpre S 2= EURel Streptomyces virginiae| &2 5

3. dednjd=9 31 frefl mA8Ee] 16S rRNAS] f-d4} X+ NCBI
25 S virginiae NBRC 37299] #-4=} Axe} 713
ZA et o] njAEo] S virginiae7t WEAE E
ols}y] sl Streptomyces spp. & FHALE + U= ISP
WA Agate] Mo SAE SHels] Hsleh <Table 3>
= 6 FF] SlelvgEol el sAlel s BAd

[Figure 11 6 E5el 95} vl ojs) Saes
HAd B el mdEe] 16S rRNA 3725 o]t
o] phylogenetic treeE IS ul  Streptomyces
virginiaeo| 7Vt A& HoFE Aotk o] EY

o 3L of

36 Streptomyces cirratus strain CSSP5477
33 —|: Streptomyces vinaceus strain NBRC 134257
Streptomyces avidinii strainNBRC 134297

64 —74|: Streptomyces subrutilus strain NBRC 133887
Streptomyces lavendulae strain NBRC 127897

53 0 Streptomyces colombiensis strain NRRL B-1990T

ﬁE Streptomyces goshikiensis strain NRRL B-5428T
59 Streptomyces sporoverrucosus strain NBRC 154587

Streptomyces manipurensis strain MBRL 201 T

47

Streptomyces virginiae strainNBRC 128277

Streptomyces cinnamonensis strain NBRC 158737

97
12 Streptomyces sp.

56 14 Streptomyces virginiae strain NBRC 37297
5 Streptomyces virginiae strain IFO 128277
—12: Streptomyces cinnamonensis strain CSSP3907
79 Streptomyces amritsarensis strain 2AT
{ Streptomyces flavotricini strainNBRC 127707
99 Streptomyces racemochromogenes strain NBRC 129067
ﬁ'E Streptomyces herbaricolor strain NRRL B-3299T
48 Streptomyces polychromogenes strainNBRC 130727

—— Streptomyces cavourensis strain NRRL 27407

99 I Streptomyces albolongus strain NBRC 134657

Actinomadura madurae ATCC 194257

[Figure 1] Neighbor-joining phylogenetic tree based on 16S rRNA gene sequence showing the
phylogenetic relationships between the isolate with antimicrobial activity against six pathogens and
Streptomyces species, Bootstrap values of 1000 replications are shown at the branch points

(Table 3) Cultural characteristics of the isolates showing antimicrobial activity against S, aureus, E, coli O157:H7, L,
monocytogenes, V, parahaemolyticus, A, flavus, and F, graminearum

Media Cultural  characteristics
Aerial  mycelium Substrate Soluble  pigment Growth
mycelium
ISP1 None  (slightly) Brown None Good
(Trypton-yeast ~ extract agar)
ISP2 Purplish-gray Yellow  ocher None Good
(Yeast  extract-malt extract agar)
ISP3 Purplish-gray Yellowish  brown None Good
(Oatmeal  agar)
ISP4 Gray Beige None Good
(Inorganic  salts starch agar)
ISP5 None  (slightly) Beige None Good
(Glycerol  asparagine agar)
ISP6 None Purplish-Black Purplish-black Good
(Peptone-yeast ~ extract iron agar)
Bennett’s agar Purplish-white Yellow ocher None Good
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EFrA AES ISP HiAel 4 =Este] 149 &
b uiFE W oW 5SS vehlis Aotk o]
vAELS ISP 1, 2. 3. 4. 5. 6¥ wljAN =5 & A5k
o} ISP wix|ell FdE ZIxtAke]l M2 ISP 1, 5, 63 Hj
A& Aeeta tiR-E sl 779k ISP 1, 5, 6 )l
A= 7ItARE oRE FAstrY BAdskA] stk
HjeR A1) Sl geld & e ZIATARe] e
ISP 13} 6W WiAE Alelelal &7 mehdo] 77ks)al,
ISP 1 HjR|oAlE 24, ISP 6 WlAlelE A5 S

< 0k ISP iAo Mg Ae=AE RIS
UH ISP 6W wjA|elARE 25281 S2e] Mg YAdee]
I VA wljRjellME MAE PSR ettt ISP 2,
3, 4 wjRlellx] Z]sEAke] Aol B4, T2l ISP 2, 3,
5 wR| A ZATFAIL] Mo] wEkdon AMAE
oA = 540l ol 715He] = S virginiaest

ARIY). EE3F Boeck et al. (1885)2] ISP taxonomy test
Asjol] AFIIT Y TAle] o] Halolel 7%

ZNATAAZE molgl= Aol f-ele] ARl fFARY
t}. NCBIoM 524 S virginiaes}e] +4A# Axw7}
frAFERaL 1ol 715 Holle i wiA|oA ] 54 o]
S, virginiae?} A7) wWiE] $BlE o] TS S
virginiae=. 4 83}

V. 28 ¥ =9
Zuakge] sk ehdd 4k Al wet A

, &, 7, ooRE A1} RobellA slety e B
AAE AR ARgell #Alo]l Fi=L itk ofof
317] flate] A Al b= 719 B AT 71l
9o gEe dEE s AAE dEsla AF
oF Jhdetar YA HAE AAe] el AT Q)

o i & T o
(o3

il m{n ol

of Ausla g A FFF IS ARl 1]
B2 R A9E A $HE AFS ) 9
S AR Al wEe A% AFHoler Bk
AP BAE U HFET} ARHATE Bl
A 5 Qe Ao PR ek of vlgEe] o

3l |
et AFY HokollA] &8 F 5 Qe bt mAERIA]
| $I8te] A= 2ok
2] Z Az ZTHdA B9 2,106702] 1)
AE F 6 79 Y8 nAE (E coli O157:HT7, L.

monocytogenes, S. aureus, V. parahaemolyticus, A.

ﬂavus F. graminearum)el thal 37=S Jepiigd
T BEYOM EeE3E S virginiae 17] #oldct. i

’?—‘? g (1,96271)0] 6 E7e] g8 nAaE = 1
7hel Slal wgEel o %ﬁﬁﬂ—% UehiAaL 2 7ol

A3l wAAE] el FAlol qrEe HIW ujAEe
= 7270, 3 7l S8 =l i s BYd
=] = 4170, 4 70| S3l mAEl sl st
S BgU nAEY = 2970, 5 1Y flEl m S
gl gres Bd vAEe] v IR oY TR
Al wAEd s Aol dtES Uehls vAES
T SE A= F s AAEklth thE
ARk AFtelME flEl ndEel tiE e JEr
Y eSS 223 Aldle ®ol ATt Brashears et
al. (2003)& 2] ol E coli O15THTS A5}
+ Lactic acid bacteria® F2|Fcty Hugch.  Kim

ot al QOI3)E AREAS AWRALZEE E coli
O157:H7S AISk= Paenibacillus polymixaS 2|3}

3 B 33}Y). Khleekorn¥t Wongrueng(2014)%= vyt
o &AHS Fasl= WYl Colletotrichum musaeZs
A= 23 e skt Easkgich olA
A 9l mAEd g8 FEs vehle 23 vdE
= sl Ales Bol dTEo] SARE fele o
ToXATE AFgEdd AEHATS ks ot
A3 md=ol el s Hole A mEs T

=otal AlEgk Al Ao fiSick
227t BAHS S virginiaes AFE A BHAT
of s YERITE o A7Ake] Haiw S
virginiaeZ7} ThFet F52] wlelgof, Fgo], Bxd o)
3 ates JEhiSichs o Bt ISlth Rifaat
9} Kansoh (2005)7} o|RE ESFC 2 HE| S virginiaeZ
e okt mAEe dis) dtEs el 2
spp., lutea, S.

Bacillus Sarcina
Escherichia coli, Pesudomonas aeruginosa, Aspergillus

=2 aureus,

niger, Aspergillus  terreus, Fusarium  oxysporum,
Saccharomyces cerevisiaeo| 3 &8s YeERIIT

3 Byttt S virginiae= virginiamycino|gl= &

T B9 U oz 9uA Uik obhe o YiE
Aol 6 F7o] Sla) Mgl el G wRE W 2

Zc}. Di Glambattlsta et al. (1989)= S. virginiaeol 2
3 AYArEl= virginiamycind ThFsh £Re] aHeRdT
o sl ‘FZol|rty Kt} Papich$l Riviers

(2009)%= S. virginiaeo| )3l AJ2FE= virginiamycino|
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EokRzal Streptomyces virginiaeQ| 22|

e TR, I Haemophilus spp,
Neisseria spp., ZREZOIl Toxoplasma spp.ol &
I} AL Harskeir.

27} Belgl S virginiae tiFeE A&l FAIA
o7 FtEs YehiEs
WAl 841 S FoR diddEd dE
F A AN vt Sl mdEe] frdE 3
=, o] FAES AF FE 3W Tl vpoledgoR
Fegthd s ofg flsl rlAE] dial sAAS
2 s 7o F de Ae= o

B AFellMe vkt 88 gk 2,1067]¢] v

A% w9 84 29 5ol
ol

olxl

=

Al

d

i

=

/\(]_)J‘:' O]‘g—o}ﬁq 6 = 4 )‘]‘25‘5:'}-14‘ z\_}%ugﬂﬁq] EH
| 25 s ‘4’1:4'111 nES Balskal, o n)
RNEL S virginiae 2 FAEACE 2 AT e
A, JoRE B9 wokld AR & £ gle oHlE
N uf 712 252 &8 5 S Aotk
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