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Induction of Erythromycin by Virginiamycin
Inducing Factor, Virginiae Butanolide C
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Virginiae butanolide C(VB-C) is one of the butyrolactone autoregulators, which triggers the production of virginiamycin in
Streptomyces virginiae. In order to investigate the function of VB-C as inducer in other strains, Streptomyces erythraeus was
used as a test strain(parent). VB-C binding receptor gene was introduced into S. erythraeus(transformant) and the production
of VBs and specific VB-C binding protein were analysed in parent and transformant. When 300ng/ml of the synthetic VB-C
was added at 0, 20, 44 h cultivation of the parent and at 44 h cultivation of the transformant, the initial production times of
antibiotics were shortened by more than 8 and 6 h, respectively. The transformant showed strong antibiotic activity against
B. subtilis. These results suggest that the VB-C might have an ability to induce the production of secondary metabolites in

S. erythraeus.

Key Words : virginiamycin, virginiae butanolide C(VB-C), microbial hormone, autoregulator, Streptomyces erythraeus
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W & ngmee] F3] AFTolA 71%S LHe Mol dHA
2o 3R oF 7VEE vk S virginigeZt AAHEE 2H7)%
ARl VBE virginiamycin A4S fEdte RoE YA
9om@3, 4) A S. antibioticusZ2HE A Z$ virginiamycin 43
b REQIALZ A NEX-1, 2, 3, 47} £2), AT theFs 4}
AN2ANAY] &4 2 71wl dAHD Stk olE f:Ae
signal A2¥} @At FAEA MYPA mechanism AT o
goZ 8. virginiae®] 7%, VBsZ VB-CO signal Ao o
soln FAEE 2 dEQd VBC receplor7t 7 Tl 93
ALoZ B 2 AHAS, NEUCL S. virginiae®] genome DNA
(cellHF T3] AL 30~40719] receptorr} EAFTE AT9)
9} Afactord] Qo]ME  A-factor receptor®] A7} EQlE o)
repressor 2412} 71%50] A1 9Jrk10). ®3F VB signal A
27172 AJAK1L, 12), receptor®] #)(26 kDa, 56 kDa2] 27} 2]
subunit #4) B HAAQ bard2] cloning(13) § VB 25w
7l w3 AEh FYHT Y HE VBY fE/5oE
VB 2% vl A(receptor)?] BarA2] N-Tol helix-turn-helix
motif7} ExJste] DNA AFA wEYe] AAEACH, bard
FHA 383 bp 3Rl DNA AR A FAAZ F4HE
barB S AAHNT D] helix-tun-helix 2% 48) 2 259 bp A4
Foll barX FHA7}F Ao} U8 FTh(14). EF VB receptore)
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5L barA 2 barBY A+F promotoro] AN bard 2
barB9] T¥-S AAE I, AatE VB Aol 23] promotor®
By siaso] bard 2 barBS) W@ 7 virginiamycin A
o] /RAEE repressor2 BHEHTH1S). BarBe AoIAR 4
s} 7152 obd EHo|vd parB gene 2 barX gened] 71%AT7t
AL FPFo Utk ol FEQUAY SEHE22A, Hashimoo 5
(16)& 3B EA D-cycloserin A 2HEQ) Streptomyces sp. FRI-SE
Ry 2@ 444 FEUAR] IM-27} cycloserine B4t
A)&= WA minimycin, showdomycin 5 nucleosideZ] FAEZ
WA FAO fEdde 258 U9 S Busch ®
gk oljg} 7 579 o lysocellin A2 Q) S, longwoodensis
ZHE VB-Cojl 218 lysocelling ®IE3 o2 FAER L i
¢ FEZFO ARG B g AR FAEe
Streptomyces erythraeus IFO 1342602 erythromycin(EM)& A
A3l GEolAl A ATE Grife factord] 7% IMET 40276
aZEE A} ATCC 11635 dFE AtsA gvte BX
(18)7} U ok meby FFo] we} FEIA Hase] &
o], VBF 2 IM29 A2 Hu(19) HA @& M o
autoregulator7} WM Streptomyces®: F 59%0) A EA3tn
Rom Txo FAA 2 Ay @AMl HE Fasid 2
Ao TAEY A VBCH it EMAN REIFE 7
%3] $fshe] VB-C 5 VB-C recepror® ol §3t] a4 4
AR 7HeAE ARSI

AE Y

AIBET o Y=

B OA#e FYEA erythromycin(EM)S AAFSH= Strepromyces
erythraeus TFO 134268 34 #FF AMESIHTh 4 7579 4
ujokS 9)a} glucose 5 g¢f ¢, sucrose 10 g/ {, bacto trypione 5 gf ¢,
yeast extract 2.5 gf { FA o] WA E AMEEIon, Eujods ¢
& RSH| A|(glucose 5 g/1.1 {, raw sugar 10 g/1.1 ¢, tryptone
5 g/1.1 0, EDTA 36 mg/l.l {, yeast extract 2.5 g/l.1 #,
betaine 129 gfl.1 ¢, sodium propionate 0.11 g/i.1 ¢, pH 7.0
~12)5 AHgatch AT AuigE ISP medium No. 2 A}
Ayl Z)(malt extact 10 g/ £, yeast extract 4 g/ £, glucose 4 g/ {,
agar 15 g/ ¢, pH 7.3)9l14] 287, 5-743F ASA1Z colony ZH-E
A2E spore&HS 3719 Mg )R 25 meo) GRS 5x
10%pores) HE3 F 28°C, 150 rpmollA] 36~48|7 Wl g3 F
AE 10T M BES Aujgd 02 AU

AERF X ajgxA

Erythromycin 2 7|g} $=dMEAe] 4 FHE HE
93t NEFFE Gram(+) AT 773, Gram(-)AH 975, THo|
3gF, AN 37FE AHEY AT LBH|A|(peptone 1%,
yeast extract 0.5%, NaCl 0.5%, agar 1.5% pH 7.0000 1-2Y uj
obslal 4TolM HE3Z ALEET, THo|S  Aspergillus
Sfumigatus TFO 58403} Aspergillus niger KCTC 6985 KCTC
medium No. 31} &](malt extract 2%, glucose 2%, peptone 0.1%,
agar 2%, pH 6.0), Aspergillus flavus KCTC 6961 No. 30}%]
{sucrose 3%, NaNO; 0.3%, K;HPO; 0.1%, MgSO, - 7TH,0 0.05%,
KCl 0.05%, FeSO, - TH;0 0.001%, agar 1.5%, pH 6.0)o]] ull o3l
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Qeon, 7t F55 HHR o FE3bo] 28T 5~7UL ¥
¥ thg, spore S AR 4T oA BESLA AR
ARFE YuA(yeast extract 1%, glucose 2%, peptone 2%, agar
15%, pH 6.0)8 AM&-dtd 28CoA 2~397t kst g8 4T
ol x HESIEAM AR 24A17F At gate] ARSI

Transformant2| =

AR AP FEAIAR VBCY FE7158 3837 9
3 VB-Co| ZA¥st= receptorFab barA(2.8 kb7t FH{-d
PARS 701(9 kb)(13)E EM AAFF< S. erythraeuso] = U3
t}. Okamoto $(13)°] A28 pARS 701 plasmide= S. lividans
TK21 T3] TFE AN, o) FFE thiostreptone(S0 g/
w)o] ¥ YEME wjxlol A wF3F plasmidE Fejst] ¥
AAZ) ALEEE). pARS 7019 FHAES 943 parent TF
ol 8. erythraeus EAETY 100 w0 E YEMEQO)H] ol ull %53
Z W YA S lysozyme solution .2 A2)3te] protoplast® A2
34t 2 & protoplastd) transformation’]# R2LE(21)w]=]o)
wrste] 28°ColA 14~20A17F wiokatgrl. AAE colony9iol
thiostrepton(50 pg/nd) & E 33 soft agarS FF59 AAH
colonyE THA] thiostreptono] FHGE  slanto] Althu] g3l
transformant® ARS8}t Plasmid(pARS 701)2] AR #F
= Auluiekst transformantE  thiostreptono] ¥ YEMEHW|R]
of dksle] wjokaA|ZEE] pARS 701S R2]3le] agarose
gel(1%) A719%S 3t Faith

Streptomyces erythraeus=25E{ erythromycin(EM) 4

B Ao FAFE olgste] wAE F2EQ VBLCH 9%
EM A4HESS #95] f8 EMAY A71E ZARBIETH
RSHj Ao el F-g 3%HE3A 28T, 150 rpmoy A} wjFsto]
A dsEE samplingdte] FHEL AMAIE HES F, O
A % AlZF pA OS2 samplingdte] ABAF time courseE A A3

o}

VBEH9| X

g F AAbE HAY VBR(VB-A~BE # SN W
W) we} zASAT =, 50mee] RS#ixY] HujFd g 3%3
23] 28°C, 150 mpmollA 1~497kA] wjgsidh. wjodE
S ENAPH 2~3)3lo) A 20 ethylacetate 2 FE-5l]
N2,S0, & ®&43ty, FF%5Z(Rotary evaporator, EYELA Co)¥
ethanol 1 mio] &38ate] HAY vBEAoz Agsigry. AH
§ VBRO WAL FEW VBEAL 4 5079 Wil
2} AT S. virginigeS o]-&3} VB bicassayS £33} virginiamycin
(VM 5522 g8tk

VB-C receptor2| binding assay

S. erythraeus®] VB-C binding protein(receptor) =4 §5< #
599 el wel Fesih WA 242 19, 293 e
A 1 g% 05 M KCL, 5 mM dithiothreitolo] H7}H 0.05 M
triethanolamine(TEA) buffer(pH 7.0) 10 miol] HE3}e sonicator
2 387 m9y & 4ANEAE 30~80% EB(NH)SO.E &
%, 29si zola 248 AZIAT 2N AS protein
assay kit(Bio-rad Co)2 A3t I, 100 ygo] Z9wWa folof
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0.5 M KCI ¥ 5 mM dithiothreitolo] 3% 0.05 M TEA buffer
E #1000 W2 2Ry, FFFE 0125 mM3 w %
7HE A cold VB-C(non-labeled)S H7} 9 wldvlste] A20)A
2087 g A AT gl HEFFE} 69.6 nM2 il H7BHEA
PHJVB-C/(54.6 Cijmmole)S H7}ele] FUzABLIA whE-A]2)
THe 100% FE3HNH.).S0: £ 900 wE Fo] 2083 A&
A A F, 15000 goll A 108 5t 4R o 4
71 HAA(protein-ligand complex)& FEFHEN 1 pE 13
washing3}31 ThA] HalfE]sle] A5 AAT F, 100 w9
H,000 &3fA]A 10 mée] toluene EH[Toluene 500 g/ ¢, Triton
X-100(polyethylene glycol mono-p-isooctylphenyl ether, Nakarai
Co.) 500 g/ 2, Omnifluor(Dupont Co) 4 g/ ¢1& 78l
scintillation counting(Beckman LS 7500)8t4c}. [HIVB-Cro) o
g EolF9 AL cold VB-CY 7} & w|Hrte] AejzA
ArEatg ok

SNEN AN s 3ol

# 5o wHAN uhet RSEYA] 25 piol HuigTE 3%HA
HEste] #AE VB-C2H S " 670, ethanolo] 3
300 ng/m¢E ®iSF 0, 20, 44X Er} 2 u]Evste] 28°C,
150 rpmol A} A FBlaL Wi 62AI7HRE) 12412744 2417 Th
Zo% | (¥ sampling3tict. 7 wjgFAel YANEN & A
g FMEAS YT B subtilis PCI 219 2 E coli K-12E
AHEEEe] cupS o83l agar diffusiontHol <3 AAME clear
zone O 4 Eola g}, )

Sht spectrum?| 24

#= 4Ed AT ¢ 7 ZAHE HES}] 98t
Balok 4447080 VB-C300ng/m)E H7F D wldrlste] 49
s F, TS ARl AT 178, BFol 37
TFE A es ot spectrume FESGL IHE
B 7 o] FE WAl paper discd el W]
420 wE W7lste WC(EE, Fdo)) I 37THBAA 1~
2U7 W ¥E g clear zoned] FFEA #1151

-
fof
ta

2dn 3 9F

Transformant2] A=

plasmid7} ZA8IA 9= EM A @FQ S erythraensd)
VB-C receptor AT FHAQT barAQ2.8kb)7} ¥ plasmid
pARS 7018 %3} transformantS |33} thiostrepton©] 3+
¥ YEMEH| Ao Aoulksiivh. 1231 pARS 7018 E&]5}0]
71953 AT Figuwre 1AA BE ui9l 2] 9 kb9l pARS
7010) S. erythraeus®l) transformations) 91-&-& o3yt He¥
9 kbl plasmidE BamHIC.E A 2|3+ ZAINFigure 1B) 2.8 kb =
6.2 kbl 2/§e] fragmemt7} EQlEYow, VB-C receptor
gene(BamHI site)-& 2.8 kb Z7)(13)2] @ Yo] golxqith

S. erythraeus=25E| erythromycinAM

B FAlF(parents) % wansformante) FYEA YA Ko
S =37 Y3 EMAIL HA w2490 RSujAe) A vy
FHE AAss HES 49 F 75 EF a9 34 g4
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M1 2 M3 4
23.13{kbp)
942\
6.56-. >
4.36— " ~—~6.2kb
2,32 ——2.8kb
2.02—"
A 8

Figure 1. Agarose gel electrophoretic analysis of pARS 701 (A) Plasmid
was isolated from transformant and subjected to 1% agarose gel
electrophoresis. (B) pARS 701 was digested with BamH]I.

M: DNA marker, 1: pARS 701(S. lividans TK 21), 2: pARS 70l
(transformant), 3: BamHI digest(S. lvidans TK 21), 4: BamHI digest
(transformant)

Table 1. Time course of the Em production in §. erythraeus parent and
transformant.

Tncubation Antibiotics production
time E. coli K-12 B. subtilis PCI 219
(hour) Parent Transformant Parent Transformant
Inhibitory zone (&, mm)
60 . 10 . .
62 - 10 . +
64 - 11 - t
66 - 12 - 10
68 9 12 - 11
70 10 11 - 10
n 10 12 - 11

BFe QA vAA). w2t AR AN AHE
Bt BE3A Agsly] s 2l 0AZREE ] FAZE
YA 0 2 sampling 3l FHER YA ZAlalgch Table 19
A B9l Ble} Zo) parent 684)7}, transformanti= 604]7F o)A
2y J4EAE A2elgon, transformant7} parentH ) 8| 7F
ol we AFHE vehlich o] ZAE YT receptorf- Az}
o} Z714ES A48 FRAxNe A o) FYEERS
FAR] WEEHZ 7HeAdo] AAE ST

S. erythraeus®] VBT MM

TATY T4 VB-Coll 93t EMAL E717E 1HE 9
dto} TS Wgd F WY VBRY NS S. virginiaed
o]&3 VB bicassayE S3}e] virginiamycin(VM)A4F f-2i50
2 Zolstur). Table 20|14 B uie} o] parentd] 73 29
A wjFdel ] FZE% VBRI 23l S. virginiae2] VMAAto]
4217 A= waHey 53 1, 3, 495 kel F23% VB
Foll 93t 241 AR FASHAUT 3, 4% Yo 2Ky o
A FET0] U3 AL VB-receptore] ZAFOE freedte]ol VB
Fo] 7143 ARz FAHJY F9 transformant= 1, 2, 3, 4
g wgdgN FEG VBF BF VM AMAIE 247 A
T F7E5 0 194 Aate VBHl 93 f=® VM Aater
o] thh F7h=Iich Weps B FATES parent9} transformant 1
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Table 2. Induction of virginiamycin production by natural VBs in §.
virginiaeq.
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Table 4. Effect of addition time of synthetic VB-C on antibiotics
induction.

+ Natural VBs extract (days)

Incubation
. - VBs parent transformant
timehour) - -
1 2 3 4 1 2 3 4
Inhibitory zone (v1, nm)
10 - - 12 - - - - - -
12 - 10 15 14 13 15 14 14 13
14 15 12 17 16 16 17 16 17 16
25 18 13 17 18 17 15 15 18 16

“Namwral VBs were prepared from 50 mi of culture broth at cultivation time
of1 ~4 days and added to S. virginiae cultures at incubation time of 6 h.

Table 3. Specific CHIVB-C; binding activity of cell-free extract by S.
erythraeusa.

Incubation ['H]VB-C; binding activity (10° dpm/mg protein)
time(day) Parent Transformant

1 - 1.98

2 8.33

" Cell-free extract was incubated with 69.6 nM [JH]VB~C7 for 20 minutes in
the presence and absence of 0.125 mM non-labeled VB-C. Other experimental
conditions were described in Materials and Methods.

T VBFE A4tet, parentd] ZS-= vt 294 VBF A
Aol Z7hgdl] whaled, transformant= #i9F 1YAje] VBR A
e F7rR Tl FA =, parentdd AAG Ao} Gl A
& receptor gene®] WHoZ MatE VB Ao o3 free
Bie) VB7} thae ZAEHA7] WEolgia AlRHTH

VB-C receptor MAMs 2HE

Table 28] Ao A receptore] A7} A== Hoa B 4
o] thdtel S erythraeusol] Slo1A VB signal 123} #@Eld}
of VB A% diide EA/5FE ARG Wl 1, 294y
TAE g Fsdo2RH 2AF 229 A ois] VB-
binding assayH(9)E€ T3 So)H:l VB-CEHY ©¥id9 EAE
AR AE AMEsl AESHE A= Table 3¢ veld
nje} Zol parent WY 2UFE] receptore] Aito] FHGlo
™, transformant= teceptor gene?] WO T wiok 1Y
receptorE  AJAFSHE 2Us AR VB Afel & freed]
receptor AEo] FRIHA] gsivin ALEHACE o|F AnelA
VBS} receptor®] AAMA7IE 7 58, 99 Bl Zo| receptor
~VBs »antibiotics®] #=0 & o4, receptore] A4t o))
VBs7} §55E 7177} transformanto) A AH Y} weld B
FAT GA] EM AARGEE Y3 S virginiae$} 3AFSE VB
signal Y 7)7E AHF0T G4H

VB-Co| H7l0o| o2 EMQ MM RES

Table 12] EM AARA7], Table 2, 39 VB AJAF 3 receptor
ANATRZRE FATEF L transformant®] VB-Coll 9 FA
B2 A =SS JESNATE VBY HUMAZIE S virginiae
o S Eolg 4417 o]Fe] VBE AV AS- VM Aito
A= 329} vimE} 7] & FAITe] VBR 2 receptor
A7 SRR AMAZIE TEEte FAVB-CY HUA

VB-C addition time (hour)’

Tncubation Parent Transformant
time (hour)
0 20 w0 20 w4
addition addition
Inhibitory zone (2, mm)b
(E. coli K-12)
60 - 10 10 i1 10 10 10 il
62 - it 11 12 10 10 10 13
64 - 12 13 12 11 10 10 13
66 - 11 13 13 12 12 12 14
68 9 13 14 13 12 il 12 14
70 10 14 13 13 11 12 12 14
72 10 i2 13 13 12 12 12 14
(B. subtilis PCI 219)

60 - - - - - + + 12
62 ; £+ + 10 + £ + 15
64 - 10 10 10 + + + 15
66 - 10 10 10 10 10 10 15
68 - b 10 10 11 10 10 16
70 - + 10 11 11 10 10 14
72 - + 10 i1 10 0 10 14

300 ng/m¢ of synthetic VB-C was added at cultivation time of 0, 20 and 44 h.
" Antibacterial activity was tested by agar diffusion method(cup) using culture
broth(300 ut).

71(0, 20, 44A17he) WME FETE ZARIAT #§4 VB-COE
Wl Fo] Hrl 2 uYrlsled EMe] MAtAI71E ZARTEEZA
FAEA] A EeE RIS G Table 404 B vieh 2
o] parent2] 7% Bk 0, 20, 44X Ao} VB-CE H7Hgol o
g oF BAIZE o) FMEF A AF Ao] wapyon
transformant= 89k 447 7+Ajo] VB-CE #7138 A$ u|d7e
ARG 647 o) UEHATE Eg FAEH] YAFE
7tEdom, £3) parento] HI&] B. subtiliso) W3 3 E o)
7hEATh weEpd B FAT] SloiA FHEE At /=S
g VB-C 77 SAEEY A7 BY Al Y 3
AED Aadgoe g Hol BEujok 4aNZIRZE Hsicin ARE
At E Bujick 0A7t] Hrlele R fEFe] EXde Aol
A S virginige®t U OE signal AZ7]F7E oAAEHH,
transformant®] 73-%- % 7] receptor gened] W3} AAH
VB9l Z§te] wE signal Mol o] parentHt} EMAIAFA] 77}
w2, Eujdk 421208 VB-C F7HA] EMAILE St olfe
Erol} A&l Ayt "asidu Atgdh

Ho ol olx

]
ST

&t spectrum

FAFo] Aatdte FMEAS VB-C A/t € wAHs e
el Aols HES| 9ste] Gram(+)Nt 75, Gram(-)
A 98F, FHol 3FF, HE IFFE UACER IJA
spectrumS RAFSIATE. Table 49] ZTE vjgtoz Hujok 444
Aol VB-CE #H7F ¥ ujidriete] J7EE HEZ An
Table 594 B¢l Hl9} 7ol parentB U} transformant7} A3 b
FAEHY Juafyt i 2 HeZ o, VBCE A
7¥et A% wlErhe A9ud | 4 spectrume BTk o]
S BHRM FAES S. erythraeus) X VB signal 2o mE
FAEF WS Q2P on, VB-C receptor gened] =%
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Table 5. Antimicrobial spectruma.

Parent Transformant

Strains N " - ;

VB-C VB-C VB-C VB-C

Inhibitory zone (&, mm)

Gram(+) bacteria

Bacillus circulans 12 14 13 14
Bacillus licheniformis IFO 12197 - 10 8 11
Bacillus subtilis PCI 219 + 8
Bacillus thermoglucosidus + 9 8 11
Staphvlococcus aureus KCTC 1927 + 8 8 11
Streptococcus equii 8 8 8 8
Streptococcus zooepidermicus * 10 8 it
Gram(-) bacteria
Escherichia coli K-12 + 9 + 10
Pseudomonas aeruginosa KCTC 1930 8 11 11 13
Pseudomonas fluorescens KCTC 1645 9 10 10 11
Serratia marcescens - 9 8 10
Fungi

Aspergillus fumigatus IFO 5840 - - -

Aspergillus niger - - - -
Asprgillus flavus - - -

Yeast

Candida albicans KCTC 1940 - - -

Hansenula anomala 18 18 18 18
Saccharomyces cerevisiae 16 16 16 16

* Antimicrobial activity was detected by the disc diffusion method using 20 10
of culture broth at cultivation time of 4 days. 300 ng/m{ of synthetic VB-C
was added at cultivation time of 44 h.

D ARF] F71} B Hek R Srepromyces sp. TF
& YO SAEEY BBANL MES slent genes) L

o
of W H2E 27 ke A S8 o 4.

o of
a5

Streptomyces virginiae f-212] virginlamycin WA FEAA
9 VB-CE o3}y thE wilFde dAEL AL §&% 7|5
S ZAE3YTE Erythromycin AJ4HF<Q Streptomyces erythraeuss
FTAAFE AHEEIon, VB-C AF receptor FHA7F EH
plasmid(pARS 701, 9 kb)E FA|TFo =8-S transformant=
A18-E Gt Parent$} transformant 2% -$E¢UxQ VBEE A
detgon, VB-CY signal Agel] #ojste AR gy &
A7F FQE G Th Parents= En)ok 0, 20, 44x)7H5je] A VB-C
300 ng/mtE HAA 27 SREF AAA7|7} oF AT ol
SEH Ak Transformante= E8] % 44x]7k)) HIEA 647 o)
FAED A7 dEENT GHER AAET U
w, parentol] BI3] B. subtiliso| % 733 dFEE VERICL =
3l &t spectrum parent® U= transformant7} AJ4HSH SHAIE
o eadvt o & JAe: Jegoed, VB-CE A% 4
A7 ARt W Satspectrume BEGTL o] Ao A
AT S, erythraeuso| Al VB signal Hgd] w2 UE= A

=7 Y4EH%2H, VB-C receptor gene?] T{jo]l wE b

r

rx ofl Ho
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a7t P VBse| frx, FHEZY A7 BF g A
o) Z7bt oddel wet thFdt Srrepromyces sp. FTFE WY
oF PAEFY tFALFS HES A2 E 23 diapdE 44
oo} &&o] 4=k

2] o

£ A7E 19895 Addga vAl a7rFes £9HN
o, plasmidE A ZFA Y& Y QAFIHE Yamada W

A A= RU,
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