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Abstract — Virginiae butanolide C(VB-C) is one of the butyrolactone autoregulators, which triggers
the production of virginiamycin in Streplomyces virginiae. Streptomyces longwoodensis was selected
as a test strain to investigate new VB-C functions. When 100 ng/mi of the synthetic VB-C was
added into the culture at 5 hour and 0 hour, the initial production time of antibiotics and a dark
blue pigment were shortened by 4~6 hours and 2~~4 hours, respectively. HPLC analysis revealed
the production of several new antibiotics by VB-C addition. In the SDS-PAGE analysis of the
total protein from mycelium several new protein bands showed up and the amounts of certain
protein bands increased in the presense of VB-C. The existence of specific VB-C binding protein
was confirmed from S. longwoodensis in relation to VB-C signal transduction. These results suggest
that the VB-C might have an ability to induce the production of secondary metabolites in Streptomy-

ces longwoodensis.
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7t H2] okow v|ArpAle) vwsl A gram (+)
ol HF3S el A EA A4L 28 ekh

¢id vBRol 23t 23 w#=s59

461

VB-Cs natural natural

Time ~ + VBs - + VBs

24
26
28
30
32

B, subtilis PCl 219

E. coli K-12

Fig. 1. Induction of antibiotics production by VB-C;
and natural VBs in S. longwoodensis.

Cultivation was performed with a 25 m/ portion of me-
dium in a 100 m/ Erlenmeyer flask on a reciprocating
shaker (120 strokes per min} for 32 hrs at 28C. At
5 hrs cultivation, 2.5 p/ of VB-Cs solution {—: non ad-
dition, +: 100 ng/m/ addition) and 10 W of natural
VBs were added. Antibiotics production was detected
as described in Materials and Methods.
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(=)ol e o 2 & Jehfigich o] Av=
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Table 1. Effect of addition time of synthetic VB-C ona-
ntibiotics induction

Incubation VB-C addition time (hour)*
time
(hour) —VB-C 0 5 10
(B. subtilis PCI 219)
24 — — — —b
26 — - - -
28 — + + + —
30 — ++ o+ ++ A+
32 ++ 4+ A+t 4t
(E. coli K-12)

24 ~ - - —
26 — — — —
28 — + + + + —
30 + +++  +++ A+t
32 4+ +4+ A+ + A+t

*VB-C was added at cultivation time of 0, b, and 10
hours, respectively. "+, —; diameter of inhibitory zone
(—: no production, +: 12 mm, ++; 13~15 mm,
+++: 16~19 mm, + + + +: above 19 mm)
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VB-C A7l i3t A4S §5 ¥ oz} S
longwoodensis AtAlo] Aabshs A Ha AY4ke]
27t e Ealiek 270417 " 5x[7HH e
100 ng/mi2] §+Ad VB CE A7l ¥ uliaf 18274
Byl 2A)17F 7bH o2 3mi¥ sampling3dted 44 Ab
AL 570 nmel|A FFxEF FA43sih Table 3¢
A e wie) 7re] VB w3 zie] 49, 2uleF 24
AZHEE ZRAIW o) A Aot QaE gl o, wl
ok 7)ol ¥4 VB-CE AH7}a AL 6417 ©+&x3) 18
X 7b3E] o] A7bA o} vl gt oo} Ha o] B
EHgjow], 5A1Z Hrprl 2417 Alre] A4 Al
Alzbe] SEslgleh. o] Aspb Wujok 5AIZE VB-
C2 ke Aol A1t e AT A FESS
Hol= Az g Buljefk 2714 ¥4 VB-CE H7H&
of 7P g A fE5E tehde], medad VB-
CH7} A17]el] b2 23} f ARAHE AJ4bel] Qle] VB-C2

Table 3. Effect of a dark blue pigment induction by
synthetic VB-C on §. longwoodensis

VB-C addition time (hour)

Incubation time

(hour) —VB-C 0 5
(A. 570 nm)

18 ().084 0.253 0.118

20 0.097 0.292 0.146

22 ().164 0.425 0.224

24 0.234 0.604 0.313

26 0.329 (0.837 0.454

Culture conditions were almost identical as described
in Fig. 1. The produced dark blue pigment was measu-
red at 570 nm,

Table 2. Effect of VB-C concentration on antibiotics induction

VB-C concentration (ng/m/)

Incubatton time (hour)

0 10 50 100 200 500
(B. subtilis PCI 219)
24 - - - — — —
26 — — - — — -
28 —~ — + + + +
30 — — + + + + + o
32 4 + +++ ++ + e + 4+ + +
(k. coli K- 19)

24 S S w— . .
26 — — — — - —
28 — = — — — + +
30 — — + + + + + + + + 4 A A
32 + + + + + 4+ + + +++ + ++ + + + 4+ + +

VB-C was added at cultivation time of 5 hours.
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Fig. 2. HPLC chromatograms of induced antibiotics by addition of synthetic VB-C.

Culture conditions and analysis procedures are described in Materials and Methods. The elution was done on
an ODS column (Waters pBondapak, 4.6>X300 mm) with methanol : water (2 . 1, v/v) as solvent at a flow rate
of 0.8 mi{/min and detected at 210 nm. (A): —VB-C (48 hr), (B): +VB-C (28 hr), (C): +VB-C (48 hr)
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VB-C &7} % oj&7loll oiE SM4EES| HPLC
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(A, 28A]7F vl ofA] A E A v AHAIZ] wlj ok Zhz)
300 mi s 300 M/ n-butanol® 13 F=, F33}d
Cis columng ©]&3% o4 HPLCEA JFHYZAE
Bl F-A8)%n). Fig 2004 Xl vle} Ze] VB-CE
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355 o]#F<al fraction No.15¢} 4] gram(+), gram(—)
ol 5 grE-S Jehll= A Aol HAEE
VB-C& #7}ste] 28417F wfieFA]7] 7Z-(B) w7}
A1¢} 7ro] retention time 35% ©]%4l fraction No.
1514 gram(+), gram(—)dell 25 a3 et
Wolem w37 el WehtA] 94l fraction No.
1, 2, 3, 6, 7oA gram(—)dol IFdHL 7= &
AEAe] A Re) He=do) =gk VB-CE #H7}aleq
4821 7F wjokA]7l 739 fraction No. 124+ gram
(—)Ftellnt SoEE veldls dAEA] HEE 9

2w fraction No. 133} 14el| = gram(+)#F3} gram
(=)ol 25 3geS Jeldl= S EAe] 7 &5
%3l fraction No. 15+ VB-C v| & bA]¢} 7o) gram
(H)7 gram(—)dol] EF FH¥E ehdgch
ol#{gt ZAe| A VB-C v]&rte}l H7FAl 4847 )
kA7l A5 wvlwsl ¥ fraction No. 159 ¥4
=& VB-C H7I % w74 2% AQigezg S
longwoodensis AW oljA] A ALEl= sk B-zlola} A}
¥ w9d VB-C v A 7pA] el &3} 7] 94w reten-
tion time 205 ¢]3-4l fraction No. 12, 13, 14H ]| A
gram(+), gram(—)zrel] 25 378 713 A E
Aol ZHEEe] o]5& 4 VB-C #H7loll o8] &=
Foj A= AHEE FWEEE FAHHLY = VB-CE
A 7yeted 28417 v <kAl(B) retention time 5% o]
e by & vehdls= peakSe] ATA R §HAdE) o]
Al7ke] ZA3H48A 7L C)Elel vle) A28 sl Edg
HEE o} AR E el wheba Table 1, 2404 VB-C
M7} & wlof 28~32A17 1 9] 32 o] gram(—)ol
ooy A ol fas gram(—)¥el] FEE AFARE S
el Med SdPEA 23t axtel o Argic)
o] A3 Hashimoto 5(14)0] .13+ IM-29] §%
73 vid of IM-2 Hrloll 23 7)Ee] JAE
el cycloserine?] AJ4ale] QJA|s]l= ZAnlel= Alo]
3, A 2-F nucleoside] 3HAE-2 o] 8¢ o) & a)sh

s HeolBPw, #HxR VB-Crl oE Hb4dgollA
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Fig. 3. SDS-PAGE band patterns of mycelial proteins
induced by VB-C addition.

The VB-C (100 ng/mi) was added at 5 hrs after inocu-
lation. Each 150 ug of mycelial proteins from 28 hr
cultures was subjected to SDS-12.5% polyacrylamide
gel electrophoresis and stained with Coomassie bril-
liant blue R-250. Other experimental conditions were
described in Materials and Methods.

AH2f 22F fApibze] A4e Fxske 7ol A
A= AT |

VB-C2| 50| twhE M=ELH protein pattern

VB-Cell 23t g2 2 WA} f-% 7]5F0e] 4
AbeElel upep VB-C FH7ztol w& Alxd whifae] ¥
3k8 HESIthH 100 ng/mig] VB-CE A7} 4 v
H7bele] 28A|7F wi kARl eRef HAES FHHgE F
total proteind SDS-PAGEZ #4isleit}h Fig. 39
Al Bl wlel ol VB-C #7198 H-$ VB-C v
Holaloll = EA3)12] ¢4 EAeF 94K )49 C, D
bands % 2¢F 80K 2 F bande} -2 A2
kil 2] g Ado] staluglor, 18] A B, E, G, H ba-
nds?} 22 S AEL2 v 7o vl&] oA A4k
efo] FoiEth o] 2L HI= Grafe 5(19)9] 2
are} zrol, FabEA HE el S griseusel fac-
tor 1§ A7Istd 2 A% dAEE A4 H 2x3 Ao

Kor. | Appl. Microbiol. Biotechnol.

Table 4. [*"H]VB-C- binding activity of cell-free extract
from S§. longwoodensis

Incubation time Specific {*H]VB-C; binding

(hour) (10° dpm/mg protein)
24 28.78

28 —

36 8.31

Cell-free extract was incubated with 696 nM [°*H]
VB-C, for 20 minutes in the presence and absence
of 0.125 nM non-labeled VB-C. Other experimental
conditions were described in Materials and Methods.

oo} o dEe B o2 rhA] sy ae] YAl
38 g 2 Fr7F -9 Adel vlnd o, VB-
C A7bell w2} i ARAbE A alell oot o e
AFEW o] o] Mol FAEHAY FA
thal A= ek

VB-C receptorsd ZEt THHEIS Ex

S. virginiae2) 735, A7|ZAIz4] VB2 signal
Hedol] Frodshe A3 ¢l zlal VB receptor?} 7]
(8,9 23l A+ Fe I FA=ETL S, virgi-
nige2] genome DNA(celleh)wd =53] HL2 30~407) ¢
receptor7} EAgcl= HAIHB)E 7|2 o] E A
&le] A+l S. longwoodensisel 9lei4] VB signal
Ay} sedsted VB 2y b e Ex) {578 %
Abstoich 7 S99 Hbge uwiel 71A fegAdo]
2& VB-Ci(5 2] Aol C)= ]88k tritium la-
belgt [*H]VB-C& ligand 2 Ap-23Fic) uljoF 24, 28,
362170 o] A E ahafigt deH o2 HE A =
wiull Aol tf) s} VB-binding assay & £3& o]l
VB-C 2§ i de) ExE 484 el & A8
HEsFIc A3k Table 46 vJeld ule} o] 2
Wik 24417 o] Hel} o]n] VB-Ce} Holxezw 3t
Sl AgF v A o) EA)7) HelE gl o, 2847 =
ligand2}e] ZAglso] ARG o] APile] AlAMRE
H] o]l VBF{(VB-A or Byet 23l 2J3t A2
TFA =, 3674 o= ligand(VBw) 22| sllele]] &
3 o}Al PHIVB-C,#he] 73k &4de] 71"}y 4}
q2E U webd S longwoodensisol )% S, vir-
ginigeol| EAEE= recyclerd VB-C A¥F <wdzla)
TrAbgE 71558 71 VB-C Ag chl 21(12)2] &7}
Al AbE] S o)

2 o

S. virgimiae & virginiamycin A f-x=<l
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