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Structure and function of autoregulators from Streptomyces species. —Monograph—
TaRUYA NiHIRA* (Department of Fermentation Technology, Faculty of Engineering, Osaka
University, 2-1 Yamadaoka, Suita, Osaka 565) Hakkokogaku 69: 89-105, 1991.

Actinomycetes are Gram-positive bacteria characterized by their versatile ability to
produce secondary metabolites. One of the most interesting features of these
microorganisms is their ability to produce endogeneous and exogeneous signal molecules
which control both the cytodifferentiation and secondary metabolism. These have
sometimes been called “autoregulators”, and so far 10 autoregulators have been isolated
from Streptomyces species and their structures elucidated. Among them, we have found 6
signal molecules, i.e., virginiae butanolide A, B, C, D, E which trigger virginiamycin pro-
duction of Streptomyces virginiae and IM-2 which triggers blue pigment production by Strepto-
myces sp. FRI-5. To know the complex regulation mechanism on secondary metabolism
in Streptomyces species, signal transmission mechanism involved in the autoregulators seems
important. This paper summarizes our previous work, and the following findings are
discussed. i) Isolation and structure elucidation of virginiae butanolides from Streptomyces
virginiae. Virginiae butanolides are effective even at 1 ng/ml in initiating virginiamycin pro-
duction. ii) Isolation and structure elucidation of IM-2 from Streptomyces sp. FRI-5. IM-2
is effective at 0.6 ng/ml in initiating blue pigment production, and shares the same butyrolac-
tone moiety as virginiae butanolides, but is more hydrophilic due to its shorter substituent at
position 2. iii) The distribution of virginiae butanolides and IM-2 among Streptomyces
species. Virginiae butanolides and IM-2 are found to be distributed in about 14% and
11%, respectively, of antibiotic producing Streptomyces species. iv) The relationship between
structure and activity of virginiae butanolide C using 41 synthetic analogs to clarify the essen-
tial moiety in its structure. v) Identification, purification and characterization of virginiae
butanolide-binding protein which seems to mediate pleiotropic signal transmitted by
virginiae butanolides in Streptomyces virginiae.
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S. bikiniensis & S. cyaneofuscatus R D 3 EOLEW(3,
4, 5)925 %, Griafe i, 7V 541279 vF
VMW BEYHEETS S grisens DVIEWEIEEE, KE
ARBERKY AV, BREYEEIRTFYiE
DEBENLDLAZ V) —=v 7 LIcfER, L 4EOMk
EESBL, BERE L. T L EE mg/ton
DHEBELEERTH Y, A-factor Rl ~ng/ml DEE T,
RS AN BEEEYFE T ORI ED.

& T, Virginiae butanolide (VB) & 4 2@ L7
VB-A (3), VB-B (6), VB-C (7),9 VB-D (8),
VB-E (9)9D5&8D{bE&EMWmiz, HAWE virginia-
mycin DAEEXFETHHEF &L LTS vigginiae X hE
B, BEBREBLIILAYMTHAD. Fio, Streptomyces
sp. FRI-5 B0 D1k, AEC L A FBBROLELYH
HTLHRFELT, IM-2 (10) R HERE, BEREL
TWB.1 S virginiae 2T, 19715 4B/ T
FEEoWE, BHicX b virginiamycin £EFHERT
DEFENBE ST 7ons, 23 MO BES TR T
TiL, HEBERECVICLE e b DX, RFY
BRETIIME, BB, BERTCRILILIDOTS
2L, IHRAKFERTFICOVTH, ZOFRI
SHANEKROFERFE Lo Lk, WX, TER
I DT TIRIBIFEDILHREI LTV DOE, Db
CRADVEREL, BERELILLOTHD. WThi,
R I VFEHIN TR T vy 21 R B-Tch
%, BArBBCRILIchT ThH, 208FH
Z, SO ESFRFIANAYECEEYFHETS
EVOSBRBIRTDE, 7y  Re@HEFIAES

OB, BAAS ETHIIKEL.
LERI0EEOLEML, W Th{ 2 B butanolide
BREHEHL, 2 LI 1oxo F 7oiX 1-hydroxyalkyl Z75,
3 fi£iC hydroxymethyl Z23\E# LicBOME® LT
¥ b, Streptomyces BIZ I\ ~T, butanolide BDESE
EMEFEBICFET S L2 FHEIRS. ABT
3, BE S FRMCHEMEZET, T VBROWTEDL
NEHMBREIERBX T E T,

1. Streptomyces virginiae D4ET % virginiamycin
4 FEFBRTF, virginiae butanolide A~E O HEiRf
&ﬁiﬁQ,lO)

S. virginiae W EEE T A L, virginiamycin DHFE
HIERBAB 4R DA b, 4FH BRI —ER
WWET D, HAEWEEEOH 2 KRR, TihbbiEE
120 B e RN OFERFOLEEI LT D, 14556
Bl —CBCETA. MEXLOBRELILT » 1
(X, %8RB 0BG EER, FEOSHICER
BL, BERTYEUY v Iz TEHi 2 K
BE% SELEPCHEME, FEEEIR TV
DEDPERETAHHETHSD. A-factor 7z EMORF
OFETIE, FLHOXRBERKYE, BESHE
BIE 1 BT v M LB THDH, MEDOHET
X, BAEKRYAG, REEELXTO I ErL D, FHE
I BA, 1A TT » 24237 L, BRIEDL
B EVSKERFIELSS. Table 1 1T VB-A~C
D, Fig. 312 VB-D,E DRRTEBEZFTH, »Thi
1P Ay —LORERHSHERELT, BREILHE

Table 1. The yield and activity of inducing factor at each purification step.
Step Yield Activity (U) actii?;?ig(/:mg)
1. EtOAc extract 318g 6% 107 190
2. EtOAc extract after hydrolysis 167 g 4x107 240
3. Amberlyst A-21 359¢g 3x107 840
4. Alumina column 219¢g >3x108 —
5. n-Hexane-2-PrOH soulble part 16.6g >1x107 —
6. 1st System 500 2.01g 1% 107 5,000
7. 2nd System 500 461 mg 2x107 43,000
8. Final HPLC (ODS)
VB A 0.823 mg 1.3 %108 1.6 X 108
VB B 1.271 mg 1.3x10° 1.0x10°
VB C 1.210 mg 5x10° 4.1x10%

One unit was defined as the minimum amount of VBs per ml of the assay medium to induce
virginiamycin production under the assay conditions.
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EtOAc extract (235.3g) from 1,450 liters culture

filtrate of Streptomyces virginiae
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HPLC x 4 Virginiamycin

VB's C and E (80 pg)

Fig. 3.

HHPLC TOL KX 4EEVEL, 18— —7
CETERLL. RKNEL, VB-A,B,C, E TH4
#J 1mg, VB-D Ti2 0.08mg WO BEBETH-1. =
HOBEELCRKRARYOBE I 'TH-NMR 23 UDHEA
DEBMARZ b r A ) —-BIOEESRIT X D Fig.
2 WRLICX S mrE LY. BHE?2, 3B IV6AL
DI GHEBEC OV TREOERELD, FM ity
MATHBEZATH D, HFERERO LIS
YRHTEDBIDEEL T 5.

BEITEOE LI VBSEEDO D, boLbbiE
HEAEWEESIL, VB-A TH b, 0.6 ng/ml T virginia-
mycin DAEELHETLENEE>. kT, VB-D>
VB-C>VB-B~VB-E DJETEMIMETFTT52, -
L5\ VB-B, ETYH 10ng/ml TEHTHDH, T
b 2hDTEEHOHVGCFERTFCTHRLLERINS.

2. Virginiae butanolide C OHEE—E 1448091
Streptomyces virginiae 7> 13 VB-A~E O 5 BEDOES

CEMEXEBELTOIHTTHAEM, WThLIER

CHLIL TR, Ricb0, 20K I IV

Purification procedure of VB’s A, B, C, D, and E.

DEHONBEOLTHS. BERTY, =2 v
7 THY, EOMEBNIPFEHEURBRICLELD
PMIBRBECEATHS. T, DOV 2T x— & v
TEOMRETIBR, BHES L) H Y FR7
T4 =4 T 4 BEOSEALELLE ST 53 TH
55, TOBE VB OGS OBREDCEEX ML 55
D ECIHRNUAEL>TL%B. £ T, VBC
ETMEEYE LTHRY, Fig. 4 WRT L 574118
HOBEBGBELERL, ThbOFMEE Y B L.
ERERLEBEA7 PAF - 212, EETHH, HEik
DHEALZIHEBEBRINI. T, 2, 3D
B L F sV {L&% (butanolide, cyclopentane,
cyclopentanone, tetrahydrofuran, 2-pyrrolidone) D&M
WRENICET A, 100 pg/ml DBRETE - 7o EMER
REY, ¥z VB-C (10ng/ml) I X 2 FM*[HE Ui
brotz. LizieoT, 5 BBROEREFROZTIE, *
Ste BEEEN L, 2, SO, BUFEM
RBECLHLETHDH LXBFHATHS.

Fig. 4 O&FBERBEL, 3/ —TEHETAC L
NTEBH. 7—7 111, 12, 13) 3, 3-hydroxy-
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Fig. 4. Structures of various VB-C analogues.

methylbutanolide B#% LB om, 260> fl
BOEINERLIZLEHHTHS. D5 b 1la~
11i 13, 6 f7iZ keto Z#% 3D A-factor M OEEGE TH
h, 12a~12k i} 6 f71C hydroxyl Ex %, 2, 3L
75 trans @ trans VB-C B, 13a~13k {3 2, 3 fZHs cis
D cis VB-CHTHB. /1 —72 (14, 15, 16) (%
2 T RIgEDE XA C7 T3 LD hydroxymethyl ZEDE
SR LA I s, D5 b 14a, 15a,
16a (¥, KEEY » b F AL LEBGETH D, 14b,
15b, 16b i, hydroxymethyl #% methyl ZIZE 2 7=

g1k, 14c, 15ciY, hydroxymethyl ZE¥KE LI
BHETHEH. SNV —7 3 (17a,b) L 6 fLDOKBESR K
ELIEEETHS.

¥, SA—7 1 OFEBETOWT, virginiamycin
SEFEEORIVEDHREYHE L TAHD L (Table
2), FEMEDI XA cis VB-C & >trans VB-C B> A-fac-
tor BOMEIZ/E > TWAZ EMZ- T hbh b, £8
BRI T10/8 5 510068, FBHEOBITEV2AREbh
5. Xbw, 2600 alkyl IO RICKFLT, &
ERGOEOHIELL, BbhcRkEROFELFH
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Table 2. Minimum effective concentration of OH
several VB-C analogues. o
R
A-factor type trans C type cis C type o
R (ng/ml)  (wmg)  (u/mg) OH
—CH;, >100 >100 100
—C,H; 10 100 100 100 r
~C;H, 10 10 10 wg 10t IN
—C,H, 10 1 0.1 ;é 1L
—CsHy, 10 0.1 0.003 e~
—CeH,s 10 0.01 0.0008 5§ 1
—C;Hys 10 0.01 0.0008 E= 0.01F
—CQH17 1 01 01 ‘; 5 0-001 r
“‘CQH]Q 10 1 01 i ’;: 0.0001 F
9]
H H H 1 1 L ! 1 i L 1 1
%%? C?XR %%? 1 2 3 4 5 6 7 8 9
H H .
1 12 13 Chain length
Fig. 5. Effect of length of the side chain at C-2 on the in-

B L7 (Fig. 5). BABEYRTEEE, 2 fIgH
7% 1-hydroxyheptyl 2 % =3 1-hydroxyoctyl Z&XTH 5%
cis VB-CEHOEYHTHY, BRBR,LRFE 2B
BLTHELELTH, 100U ELOBERETEY
5.

IN—72, 3 DEBBIOVTAB L (Table 3),
SALOWBMKBEEY 2 LT BT T, BAED
BEA 0.0008 pg/ml A3 1 pg/ml ~EEALL, 100065
UEDE®HETHRALNRS. LdL, 5AMkEELE

ducing activity of cis VB-C analogues. )
Chain length indicates the number of n+1 in

R=(CH,),CH,. Value for an analogue having a

terminal double bond in R is indicated by (4).

EL, AFAEDORZLTYH (16b), Fi3fLnEH
EuTNTHRELTE (15¢), ThLEDESETA
HAbRIgT b, FERNC 5 MLOEREDO KBEED
AERRBCEETHA L ELLRS.

6 fIDOKEEE L FERRRCIEETH ), 6(IKE
HEDOBRZE (17b) 13, FEHETE2L LT, TOBE

Table 3. Minimum effective concentration of VB-C analogues.
A-factor type, tran.vI;\/ z-g};ype, cis \éB_-%gpe,
Structure R== 2.3 2_ ;
(1g/ml) (2,3-trans) (2,3-cis)
(#g/ml) (¢g/ml)
H
oé;::[:;:ji\v//\\v//\\\ 10 0.01 0.0008
O/CH3
0 10 10 1
0
Q\(\/\/\ 1 1
OH
0
gI\/\/\/\ 1 0.1
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Table 4. Yield and activity of the inducing factor at each purification step.

Step Yield Ac(f{}’)ity Spe‘zitﬁ]‘j;‘g)”i‘y
Isobutyl alcohol extract 714.7 g 7.2 %108 10
5% MeOH soluble 259.3 g 6.8 106 25
1st active charcoal column (MeOH) 98.8 g 6.7 X 108 68
2nd active charcoal column (10-20% CH,CN) 24.7 g 4.6 X108 190
Diaion HP-20 column (45% MeOH) 15.77 g 4.8 x 106 300
59 NaHCOs-isobutyl alcohol partition 4.88¢g 3.3Xx 108 680
Middle pressure column chromatography (Cis) 193¢ 3.1x 108 1.6x10°
1st HPLC (Cosmosil Cys, 15% CH,CN) 541.7 mg 3.3%X 108 6.0x 10
2nd HPLC (Cosmosil Cg, 12.5% CH,;CN) 43.1 mg 3.2x 106 7.6%x10*
3rd HPLC (Cosmosil Cyg, 7.5% CH,CN) 13.2 mg 3.5X%10¢ 2.7%10%
4th HPLC (Capcell pak Cyg, O to 20% MeOH/0.1% TFA)  5.45mg 1.6 X106 2.9%x103
5th HPLC (Capcell pak C,3, H,O) 0.58 mg 1.0x 108 1.7 x 108

One unit is defined as the minimum amount of IM-2 per ml of assay medium required to induce blue pigment produc-

tion under th assay conditions.

X, 100f5TH Y, 5AKBEI T 6 AIKBRED
EEMIEDLHEIRD. 1L, 6fkBES
NE = LV EIEHE I ic A-factor BUEBE (111) Lt
BT5L, 17b DFI00EERIIB VLT THH,
Thit, 6fMAAR=AEOEFEIT L b 2MfIEOR
HENBDTEIDTHAS EELLNRS.

Bk, VB-C OBEEMHMEBE L b, VBiL, &
ZEBwBAST5 4 oOBBEBREMLRHD LD E
Hrote. Tihbb, 1) 2, 3HEOHMNIGERED s
THHT &, 2) SAERKBENFETHZ L, 3)
6 AL EMEKBMENFETH L, IV 4) KE
EBErFo2MOTAFAMPER LD ETHD. &
Dr5K, VBIX, TOHEEN 2 I b THBHT L
NOEFHRINIZETHHH, TOBEFIRITTRT
DS EENEURBCLETH Y, BoBEOHLT
BT X b, 100£%, 1000f5DOFEHETLELS.
DD, OLRBVERNEY L OBRMEY v VD
EREEBELT, KERBCEETAZLELS.

3. Streptomyces sp. FRI-5 (kD& ET I HBBRLEE

FHEAF IM-2 OHRE S HL

FRI-5 ki, HAMHE cycloserine £ EW & L TR
ThickkTH B2, BEOEREHT C1L, FEER
REEL, AWEOEE 5 -V IELTSH. TT
ARSI LY, BREROEEN VBT e/ ThH
% 7-nonalactone IZ X WFHINL T LHRINTE
D, Lich - TAEIL, VBEEOHEKERTFZ D

DOTIRIEVCHEHETE, ARFORBICEF L.
EREELSHT TOEER 1150/ L HHREL, iso-
butanol !, EHRS 5 &4 26, HECHE 2B, #
HMH 7 a20E, HrxOLRET TOMUHEHPLC % 5
#oiEL, BREZ HPLC TE—Y - 2%52 55
WERTF IM-2 % 0.58 mg BHE L7 (Table 4). EHERE
X THY, HEHEETIIEE, EREETIR

cis- oﬂ "
0 OH

4 3 9’
trans- 04 5029 10

7

OH
» &
TR ° 2 '
Pk e
W A A, AA.

l

i

A,
"52_0_ 16 1.4 1.2 1.0 0.8 0.6

Lk d

4.44.24.03.83.63.43.23.0

Fig. 6. Comparison of 600 MHz '"H-NMR spectrum of
IM-2 with those of synthetic ¢is and trans-2-(1-
hydroxybutyl)-3-(hydroxymethyl) butanolide. The
cis and trans isomers were synthesized as described
(15) via acylation of 3-(trimethylsilyloxymethyl)
butanolide with suitable acyl chlorides.
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OH Table 5. Production of natural VB-like inducers
1o O;j:<CHz>nCH3 by Streptomyces sp.
¢ E 10 O on
= > Strai Activity No. of active
&2 1 ram (U/ml) components
T €
e 2 o1 S. longwoodensis  IFO 14251 500 3
[
EZ oo S. tubercidicus IFO 13090 500 2
£ S. antibioticus IFO 12838 100 4
% § o001 .
o S. phaeofaciens IFO 13372 100 2
o 1 2z 3 4 5 6 7 =8 S. toyokaensis IFO 12824 100 2
Chain length (n=) S. celluloflavus IFO 13780 3
Fig. 7. Effect of side chain length at C-2 on the induc- S. sclerogranulatus ~ IFO 14301 3
ing activity of IM-2 analogues. The trans analogues S. lincolnensis IFO 13054 1
};avin.i (ciiiﬁ'erex}t slidcls)chains were synthesized as S. clavurigerus IFO 13307 1
escnbec previousy. S. griseus IFO 3430 0.5 4

123 MR Licz i s, IM-24%, 0.6ng/ml T
FoaEtLEFMELR L, A-factor ® VB-A & Rk,
ELDTHENIEEE YRV EVEPE THH Z &
DIHIBA L7z, %D 600 MHz 'H-NMR % Fig. 6 (/=" T
P, FORET, BanT T VBEBGEE LTAER
LT, 247 fIg4EA% 1-hydroxybutyl O trans fk & 52
2—HKL, BEXRYRZLDTHETH-CILD
b bT, HBNABC X OBBLYRETCE LI L
i3, TBETH-K. IM-21%, A-factor ¥ VB-A L[H
#k, Streptomyces BESEEYWHEY A D butanolide ‘F
BEBELTWAD, BAORFHLO7 v L fIgEN
bokbfL, botbBAETHILEVIBREED
S5 Tw5., ZO7AFAAIEORE IEIL Tk, K&
BT LI RETH D LRMILL, VBEEDX
HREOERBEOFH, BELARBVOTIZVRED
SHIREMEN B D. £ T, 27 A1 floR X%
BAEx - IM2E&GEX AT, TOBRVEDRE
R LT A (Fig. 7), FISEOTERIL butyl 10X
pentyl fICHEET AT EHBL, - L dfEED
BUWRISERIY, RBRYOThE—H L. LIthi-T,
FREEXEFHIT X, VBIZX A virginiamycin FHH &
AL RE -RTFALETH D, X hEHEOH
FRREETHV T 22 VA7 EVFETHHOL
EZ2bhb.

4. Virginiae butanolide & & U IM-2 ODBIRE(CH
(-’-55.};‘9516,17)
ZDXSIVBEIM2 &5 2O S H i B EE

ORIt ->1-FHERFY, BRAIEBL, ToBExR

FBLTZ b THDH0, KizZhbh Streptomyces

BOoFTLEORERRNLRETE > TV 20512k
L&, FA, VBOLEENW S virginiae (X, VB-
AL IM2 T ABRAESBESE 4 0.0006 pg/ml
L 10pg/ml THHZ EBHB LT, VBRHLT
XD THRERMCI VARV ATEEEY b - TR D,
¥ 70 IM-2 D4EFEE Streptomyces sp. FRI-5 Bk $ IM-2 12
T HHEELE . FIT, Ihb 2 BOEKRYR
FHE L LTHY, —HRD\W\Tid virginiamycin 42
FMEEY, M OWTIL, FRAREESZNEYIR
Birzz ) —=v/77hi, 2ROEKILARTE
EEYRHTAZENTERZ LITid. HEELT
X, MAMEYEETH5BORENT0EKEY IFO X b
AFLTAV. ZORKBHR, VBAERY R OREKEL
T2REEF 108K, IM-2 £ EERE# < T EBR D 64 B BR P
7 BB bl (Table 5, 6). VB AEBEIOWT, £
DIEMRS %8 HPLC THBEL TA 5 & (Fig. 8,
9), S. lincolnensis & S. clavurigerus % BR\~T, fOEERI

Table 6. Production of IM-2-like inducers by Strep-
tomyces sp.

Strain ‘?{5;/128’
S. tubercidicus IFO 13090 25< <40
S. celluloflavus IFO 13780 15< <25
S. sioyaensis IFO 12820 15< <25
S. narbonensis IFO 12801 15< <25
S. sclerogranulatus IFO 14301 2< <5
S. lividus IFO 13787 2< <5
S. canus IFO 12752 1< K2
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Fig. 8. HPLC patterns of inducing factors from several Streptomyces on reverse phase column.

QWP EOFEHRAIXEE L TED, S virginiae M

VB-ADLEDSHEBORSYRABCEELTWBE

WHRSEE—F L. Zhix, Grife 5ORFORE
12, . bikiniensis 3 2 BB D, % 7: S. cyaneofuscatus 71 3
WHEOBMUETFLRABCEEL TS LW 8EEY

IKHBTHRTHY, w1 vROBEBERTLEE

THRMER, BERESORTORAWYERELT
WahhbolEZONA.

Fig. 10 i&, M—®i#H HPLC R To, &% VBE
BAEOBHA MY R LA, VBAEEEI, VB-A 8
HEEM122) ERRDELTEEL TS LA
EIhs. ZOMNROKEBHIRIESY, BHE
VB-ATHAHZ LHRT I, T TrmEER
T\ 7o S, antibioticus DIERIK L D, VB EERS
AMRETAI L L. A REE, SXELRNL
7o#ER (Table 7, 8, 9), 5000 unit/ml &\ 5 B4 ELH
YRETHIENTER. Zhi3, VBARNT
3.0mg/l EWS5EERTHY, S virginiae L5 VB
AR (0.03mg/l) & H~RI00EDMERETHS. &
HFEME S. antibioticus NF-18 % = DWEERET TRE%
L, BB 6!/ L b, 2.3mg D VB IEMBI L HEREL
fo. ZO{LEWD IR, MS, 'H-NMR, “C-NMR i X
U'CD A2 + VX, S. virginiae IEDER VB-A &

SELWw—F L, S antibioticus (¥, ELEFXRFLT
VB-AR4ELTWSZ ELARRIAL.
ZZCHERBREVDIX, Afactor AEETHD S
griseus b, BIEEITEVCOORMD VB BRI ¥
EETHLTHD, TR OBEHAR, 22D

. VB-AEL—HETHZLTHAS.

LiE, VBAEBKZI, 5 v FArrBAKXBEREE
BR10EE, THbba/mRUETHY, EicIM-2
EEBT, 64BEkT 7 Bk, 2MBLNTH o R,
BUFF® 13, A-factor EEWONHRA 5K THBH = &
YPELTWBL, ¥ Grife® bk, »hbORTF
YEETHIEBEONHEIN26.3%8THDLB|ELT
Wi, ThLEMOBREFOLEERMOMT, S
griseus D X 5V A-factor & VB OWEXEETH L
5ANREFTHE 00, HERERTFHOEMTZL
AEL, LikdioT, £BErh A-factor, Grife ©
BFHE, VBE, 25 IM2D0WThhr v EET
ZEIE OO, 0KIDDIOIDEHEETES.
TDXHE, HBECR\TIE, sre vROESE
BYRIELEELTWBZ EDMB LD T, ¥
Bk R HEO LB e BEIR R LT
WHLDLEZLRS.
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Fig. 9. HPLC patterns of Inducing factors from several Streptomyces on reverse phase column.
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Fig. 10. Synthetic and natural VBs.

WERPIESFEL, —hRMELH@LT5z
DRz o fobld T3, TOESERBMCEIL
Tk, F-FHETH o1, BR4iX, BEEWYO &
NeEVEDBELWEBL, fIbhD) T -5 v
PENRBBDOTRIE DL EL THRELED. HR
ELTIR, URBToMELYHL L, MEIESEE
BO% LKL T\ VB DEEBTH S S. virginiae
¥RV, TOE s V7 RENC VBREEELX D%
VAIBHBEETEINE S DROVWTHRBZ Ehb

- ®WFLL. TR, £V E~DVB DREEE

RETHC ERDEEL>TL BT T, 4% S
virginiae I X B34 AT oy A Ig EHBRARICH, BE,
HHIEDENLE STk TTRLT v £ ET LS
£, BMEES <10 VB BiRGEE AR L, Bt
#V F% B\ 25 binding assay #BEIT5 Z LANE
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Table 7.
antibioticus NF-18.

Effect of carbon sources on the production of inducing factors by Streptomyces

Carbon sources (30 g/l) Final pH (ml_wffi’:y‘i‘ch oD Inft}‘f;%bi%‘t‘}g‘y
Glucose 7.0 9.3 375
Xylose 7.0 6.3 200
Arabinose 7.0 5.0 250
Fructose 7.0 5.8 250
Galactose 7.0 7.5 125
Lactose 7.0 3.8 300
Mannitol 7.0 8.4 125
Maltose 7.0 6.5 300
Sucrose 7.0 6.3 300
Dextrin 7.0 14.0 375
Starch 7.0 30.0 375
Soluble starch 7.0 20.0 375
Na-acetate 7.0 22.5 300
Malt extract 7.0 5.8 400
Glycerol 7.0 28.8 1,562
Corn steep liquor 7.0 10.0 1,562
Na-propionate 7.0 6.0 500
Na-succinate 7.0 9.0 1,250
Na-succinate 8.0 6.4 500

+hexanoic acid (0.5/0)

Na-succinate +oleic acid (0.5 g/{) 6.5 2.3 250

+ stearic acid (0.5 g/{)

+linoleic acid (0.5 g/}

Na-succinate 8.0 6.4 500

+ 1so-valeric acid (0.5 g/{)

Corn steep liquor+syobean 7.0 57.5 1,562

Cultivation was performed with 100-ml portion of medium containing (per /) carbon source
30 g, sodium nitrate 20 g, 1 M potassium phosphate buffer (pH 7.0) 30 ml, NaCl 5 g, yeast extract
0.1g, CaCO; 2 g, CaCl,-6H,0 0.5 g, MgSO,-7H,0 0.5 g, FeSO,-7H,0 20 mg, ZnSO,-7H,0
10 mg, MnSO,-H,0 10mg, CuSO,-5H,0 10mg and Na;MoO,:-2H,0 10mg in 500-ml]
Sakaguchi flasks, and incubated at 28°C on a reciprocating shaker for 96 hours.

tigots. Fig. 11 WiRT X5, 6L keto f&~D
NaB’H, BTIC X% *HOMA, 2fflfoRiK_E
FEE~D 18] DM AT K RAAIH, FIEZERRR
DNELHBSEDE VY v Ve85 L3R, %
BT E GO FEFRAAF —TBRELHA LR
BT, FEEREH1000D 1 U FieEsbasind, Wi
NITHRITRRCKb -, BABRNOBR, BK
B, 2RO RR_ERE /T, *Hy, ¥ AFET,
BEMETCIVHYEATLIHEYRAEL,
54.6 Ci/mmol &\ 5 BHEHECHA Y KRR T
BRTAHENTER. ZOFEAGIRRFARFO
—D>TH% VB-D DH 51k (LLF [*H]VB-C, &
BEFR) WM T b TC, EToRMGHHFRILTER
5300, TOfEETIL AF VvV BEORBN

HYH, ELDLTEVHEMELBLTAC L2I&ET
&%. &I, binding assay DHERHEILTEHITTH
0%, Baik, FEENEYEHATAZLCLLE. B
W ELEYDY 27 & —BAT 5B ER L L

b, Zoficd, YLABE, 14 v BREEE
ENBfoT7 280 bADOKEATRE, F¥AMT vV
FET COBMREEE, RELBRELREERE L
THRETH -1 ds, Fol{KADYV 7 £ -%EY
HOLEE, b s bERNLFEEETEYBGCH
FThs.

S. wvirginiae DO & v A EES B EEERO
RO 16% Fig. 12 rRT. & 2R LMEL,
FH]VB-C, DXFETLHEORKEGRE (2RGE) »
b, Mz 7 [PH]VB-C, D3600f&DIEFKSHE VB-C 3
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Table 8. Effect of nitrogen sources on the production of inducing factors by Streptomyces
antibioticus NF-18.

Nitrogen source (20 g//) Final pH (ml-w(zgmt?eli all) In(%lfrﬁgbi(gg;w
NaNO, 8.0 10.0 1,250
NH,CI 7.5 15.0 1,250
(NH,),SO, 7.5 8.0 1,250
L-Asparagine 9.0 8.0 1,250
L-Glutamic acid 5.0 10.0 1,250
Casamino acid 9.0 60.0 750
Peptone 9.0 50.0 1,562
Tryptone 9.0 80.0 1,250
Yeast extract 9.0 130.0 1,562
Meat extract 9.0 40.0 1,250
Soybean powder 8.5 80.0 2,087
Soybean powder+0.5% choline-Cl 8.0 70.0 1,250
L-Leucine 8.0 12.0 1,562
Urea 8.0 8.0 1,787

Cultivation conditions are almost identical to those described in Table 7 except that sodium
succinate (30 g//) and the indicated nitrogen source (20 g//) were used.

ETTOREE CGEHROEER) %, EL5IVIfE
THbh, VBRERNIRKERECKS. Z0O&HT, &
ik 3 RIS R 7 b 6 B ¥ Tl —E(E
HR-TWS., R, 20 VBERMLESHN, B
FRERTHZEABRTH D, Hr v sHL
[*H]VB-C; % incubate L =%, Sephadex G-75 % i\ T
7B HNT B & (Fig. 13), K& D [*H]VB-C, D
-2, BOTFERE LY — 7038 bhi.

Table 9.

Z D — 273, incubate BRIZIEHEEH M D VB-C K8
FHFEXRSLHEEAL, VBEEPNLESGTHEZ L
DR IR, DX VBEEAY -7 BIUEE
FJBITHE X 5 VB EATEMEIL, DNase 35 X1 RNase
X o TIEEERT VDX LT, pronase ALE
X, SELIIESK L (Fig. 14, Table 10), EHT
FERBTHDZ L EELET, VBEREERNTEST
5N IBERFETHI LB E o,

Combined effect of carbon and nitrogen sources on the production of inducing
factors by Streptomyces antibioticus NF-18.

Production o finducing factors (U/ml-broth)

Carbon source

Yeast extract Soybean powder L-Leucine Urea
Sodium succinate 1,562 (9.0) 2,080 (8.5) 1,562 (8.0) 1,787 (8.0)
Glycerol 3,757 (7.2) 3,125 (7.0) 2,500 (6.0) 3,125 (7.5)
Corn steep liquor 3,125 (9.0) 2,500 (6.0) 2,500 (8.0) 2,500 (9.0)
Sodium succinate 5,000 (8.5) — — —

+ glycerol
+corn steep liquor®

Cultivation was performed with a 100-ml portion of medium containing the indicated carbon
(30 g/!) or nitrogen (20 g/!) source in a 500-ml Sakaguchi flask for 96 hours at 28°C. The pH at
the end of cultivation is indicated in parentheses; the initial pH was adjusted to 7.0. Other ex-
perimental conditions are identical to those described in Table 7.

* Sodium succinate (20 g//)+glycerol (20 g//)+corn steep liquor (10 g//) was used as carbon
source.
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Fig. 11. Synthetic routes of radioactive VB analogues.

[FH]VB-C, =T 5 & > Z SHEEICL Y, VFVF
BREY TSR, A-factor ® trans B D VB EHEg
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Fig. 12. Time course of specific [*H]VB-C; binding

during equilibrium dialysis.

Cell-free extract (100 g#1) was incubated with
34.8nM of [*H]VB-C, (0.2 ¢Ci) in the presence
and absence of nonlabeled VB-C (125 pM) for 1
hour at 28°C, and dialyzed against 10 ml of buffer
A. At the indicated time, each 50 ¢l of inner and
outer solution of the dialysis tube was taken for
radioactivity measurements to determine differences
in the amount of [*’H]VB-C,;. The specific {*H]VB-C;
binding represents the difference between the values
obtained in the absence and presence of nonlabeled

VB-C.

i, BER—0BVERkERTC LB LE
(Table 11, 12). LicAi->T, =D& v-7HiL, VB
A BIREESTHV T2 —ThHHLBEHRINS.

(A) (B)
7_ - T - -
/\6- i
€
Q.
2 5t s
Qo
X
S [
2
=3 [
2 2t L
=3
o
m
1_

% 20 40 60 0 20 40 60
Fraction number
Fig. 13. Sephadex G-75 column chromatography of
cell-free extracts preincubated with [*H]VB-C,
alone (A) and [*H]VB-C;+nonlabeled VB-C (B).
Fractions of 0.5 ml were collected, and aliquots
(50 1) were taken for radioactivity measurements.
Radioactivity per 50 gl of each fraction was in-
dicated in the figure.
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Fig. 14. Sephadex G-75 gel filtration of cell-free extracts treated with (A) DNase, (B) RNase, and (C) pronase.

Cell-free extracts were digested either with DNase I (10 zg/ml, 37°C, 20 min), RNase A (40 pg/ml, 30°C,
30 min) or pronase (0.2 mg/ml, 30°C, 5 min), and 500-4] portions were applied.

SFHEBMTERIC X b, Scatchard type D7 7y k4T
5 & (Fig. 15), Ef0i@oh, —EEOFMKELY D
BEEMNOINHFEETLC &, bbbl 7% i3
—ERLIFELREVC E2VHB L. DAL
DOEME, EROEE» S Kd=1.1nM L BH X h,
BEEYOELEV ) 2T 2 - LARED, DT
BUBIEYELTWABIEEBLMAEL-T V5.
ZIZT, TDV TR -2V BEEVBEML
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X
Lag]
“~ 0.5
T
c
3
5]
om

0 —d

0 1 2 3 4 5
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Fig. 15.

TRETHERETHE (ZOERBZ, ObickEx
VAIHEORBEIDVIELWI ERKF IR T
HBEM), V7 x—3, ¥/ ADNABIDH (B
YRR E TS 1 Mlas e bt YT D) 30-40%
FLOEELEVEHES V7B THHLHEETE
5. TD30-400FLWOBIT, b2 XIBERD a-7
2B EV) T E (L 9x10%cell BETHIE, B
HORLEYY) 27 52— OFEREHKLTHERC

(B)

Bound/free

10
Bound [ 3H]VB-C7 (nMm)

(A) Concentration dependence of the [?’H]VB-C; bintling in the absence (O) and presence of nonlabeled

VB-C (@), (B) Scatchard plots of specific [’ H]VB-C; binding.
The concentration of nonlabeled VB-C was 2,000-fold in excess of [*H]VB-C,.
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Table 10. Effect of enzyme treatment on [*H]VB-C; binding activity of the cell-free extract.

[*H]VB-C; binding (10* dpm/50 pl) Relative

Enzyme used activity
Total* Nonspecific® Specifict (%)
Total 23.20 9.15 14.05 (100)
DNase I 24.25 10.85 13.40 95
RNase A 18.85 7.55 11.30 80
‘Pronase 5.35 5.95 0 0

Cell-free extract was digested either with DNase I, RNase A or pronase as described in the
legend of Fig. 14. [*H]VB-C; binding was measured by equilibrium dialysis as described in

Materials and Methods.

* Cell-free extract was incubated with [*H]VB-C; alone. '
b Cell-free extract was incubated with [*H]VB-C;+ non-radiolabeled VB-C.
¢ Specific binding represents the difference between total and nonspecific binding.

PIEVET, VB 27X - IS ESEREMNE
bOTRERTHLZ LePBHLIO5KRALS.
R, ZOVBYV 72— v 7 ROBREY XD
BL{asinr, WBELT 5Ltk 500gD
Bk (VeFx-2v2sRELLTI-15mgFE
THEHEZIND) LOHHRBLT, 6B TO.18mg
OMPx v A7 ReBB LRI LI (Table
13). Az v 7 Rix, HIEHXMT 175400015, K
REAMTIZ16773000fEMB I Nz cind. oM
ez v 2 7Rk, SDS-PAGE THTFE#936,000%
R L(Fig.16), ¥ /= | KVB# & #E 12 1.14mol
VB/36,000dalton THBZ b, DY 7/ x—-¢L

Table 11. Effect of several VB-C analogues and
competitive ligands on the binding of [*H]VB-C,
to the VB binding protein.

Bound [*H]VB-C’

Nonlabeled 500-fold 1,000-fold
compound molar excess molar excess
10°dpm %  10°dpm %
A-Factor type 2.55 17.4 540 35.0
trans VB-C 10.48 717 10.81 70.1
¢is VB-C 14.60 100 15.40 100

Cell-free extract (100 pl) was incubated with 34.8 nM
of PH]VB-C, (0.2 ¢#Ci) in the absence and presence of
nonlabeled VB-C analogues; the values shown represent
the difference in amounts of radioactivity bound. The
concentrations of VB-C analogue used were 17.4 4M
(500-fold excess) and 34.8 uM (1,000-fold excess). The
A-factor type analogue, trans VB-C and cis VB-C were 2-
(1-hexanolyl)-3-(hydroxymethyl) butanolide, 2,3-trans
VB-C and 2,3-cis VB-C, respectively. They were syn-
thesized as described previously.

(A) (B)
""" <10
(-]
(K) z¢
o 5.
67 K
z
43 v 2
-
1 e A 3 " i A "
30 2 0 0.2 0.4 0.6 0.8 1.0
20.1 g Rf value
14.4

Fig. 16. MW determination of the purified VB-C bind-
ing protein on SDS-PAGE under reduced condi-
tions.

(A) The protein was run on a 4~20%-gradient
gel (right lane) together with maker proteins (left
lane), and stained with Coomassie brilliant blue G-
250. The position of the VB-C binding protein was
indicated by an arrow. (B) A plot of logM; against
the migration of marker proteins (O) and VB-C bin-
ding protein (®).
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Fig. 17. Estimation of MW of the VB-C binding pro-

tein by molecular sieve HPLC eluted with Buffer B
containing 0.1 M KCl and Buffer B containing
0.5M KCIL

(A) 0.1 M KC], (B) 0.5 M KCL
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Table 12. Ligand specificity of the VB-C binding protein toward several VBs.
43 OH Bound [*H]VB-C,
{ R 100-fold 250-fold 500-fold 750-fold 1,000-fold
O 4n molar excess molar excess molar excess molar excess molar excess
Non-labeled VBs 10*dpm % 10*dpm % 10¢dpm % 10tdpm % 10tdpm %
VB-A (R=/\/Y) 0.61  30.3 0.62 30.5 0.60 29.8 0.63 31.1 0.56 27.9
VB-B’ (R=/\/j\/) 0.89 44.2 0.72 35.6 0.59 29.2 0.63 311 0.59 29.2
VB-B (R= /\)\/) 0.68  33.5 0.64 31.8 0.64 31.8 0.53 26.5 0.61 30.2
2,3-cis
VB-C (R=-~~_-) 064 318 0.64 31.8 0.57 28.4 0.58 28.7 0.57 28.4
2,3-trans VB-C 1.19 58.6 0.94 46.5 0.82 40.8 0.78 38.5 0.69 34.2
VB-D (R="~"~"\)0.63 31.3 0.56 27.9 0.52 25.8 0.52 25.8 0.46 22.6

Bound [}}VB-C;
Control (—VBs)

10* dpm %
2.02 100

Concentrated Sephadex G-100 fraction was assayed in the presence and absence of non-labeled synthetic VBs.

1,000-fold molar excess equals 69.6 uUM of cold VBs.

VBiZ1:1 THRABETHLEELZTVD. KXY &7 % —
D native RETOHFEELTIE, YA 5B
HPLC CTOHEXRARIC (Fig. 17). RV £ 7 %2 — DB
KB HEORDEEZ DR DA, ¥ 5 HPLC
TOBHAED, {#8 buffer D1 4+ VHEC X h B
T %. ZD®, native REETOHFEIZOWT
I¥, 26,000-44,000 & LK\ HEENE LA B A7 h
27, EHREETOS F836,000 L iF—FT5 2
Ednb, £/ =—L LTEETBHIOEE LS.

Rz, BV €72 —DOBEENBIEL > TL DA,
VBZREETD &V 5 BEELbic, R4k, DNA &
HEERTA2DTIRisV-hEEX, S virginiae D7
ADNAHFETCOVBREABEHEOE(L YK L
(Table 14). ¥ DR, ¥/ » DNA#ETF T3, VB
DREERVPOFGIETTHZ EAHB L. BT
VB & incubate L7881, 4/ & DNA R T-8BE
ik, VBREEEBIZET LRV 225, VBERES
DY &TE—DHH, BIREWC DNA LEETHHO

Table 13. Purification of VB binding protein from Streptomyces virginiae.

. . Total protein Total activit ecific activit i ion Yiel
Purification step (n‘:g) (dpm) Y Sp(dpm/mg) Y Pu??;]ac‘it) (}%;1

Crude protein 30,927.6 1.31x10° 4.2X10* 1.0 100
(NH,),SO, fractionation 12,735.5 6.66 X 108 5.2x10* 1.2 50.6
1st DEAE-Sephacel 6,476.2 3.60 X 108 5.5 10 1.3 27.4
2nd DEAE-Sephacel 531.7 2.10x108 3.9%x10° 9.2 15.9
Sephadex G-100 212.1 1.70 x 108 8.0%10° 18.8 12.9
Phenyl 5PW HPLC 1.5 1.29 X 108 8.2x107 1,952.3 9.8
DEAE 5PW HPLC 0.189 1.13x 108 6.0 x 108 14,286.0 8.6
C8 HPLC 0.134 — — — —_
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Table 14. Effect of genomic DNA from Streptomyces virginiae on the VB-C binding activity.
s . Specific [*H]VB-C, bound Relative activity
Procedure for binding activity measurement (10° dpm) (%)
+VB-C; +*VB-C,
1) BP+DNA 14.32 61
+VB-C +*VB-C
2) BP—DNA : L 23.49 100
*+VB-C; +*VB-C, +DNA
3) BP 20.91 89
+VB-C; +*VB-C, +BP
4) +DNA 23.38 99.5
*VB-C¢ +*VB-C, +BP
5) —DNA 23.42 99.7

The ¢l of the DNA solution (+DNA) or TE buffer alone (—DNA) was added. Incubation indicated by each arrow

was done for 20 minutes at 25°C.

BP: Binding protein, =VB-Cq: plus or minus 0.125 mM non-labeled VB-C, *VB-C;: 69.6 nM [*'H]VB-C;.

LEZDID. %%, CORREVLTE-LIBRE
SEERE L ORBENPRE TR - 1o, BBl
BT X b A-factor FEH &2 VA 7ED, S griseus THAE
THZEMNRVWEER,D Y F v FARET TILDNA
EREEL, THEEFORBR XML TW3) T vy,
HF—THAHD EORENL IR, FEELIKRHBT
EH LMo

APRL, KEXKELBABEREO CHEROL LT bD
THH, BIRETHOTEN, HWELE,»VBE LB M
Wit LET. S virginiae R EOKBERTELT, AEHHEC
th ¥ LERERR T EGRSHRBEEYHRERT O/ NFRBR
+, FHfixStc s sl LEFET. 2, VBO
HFEEELV RS T I LAERAXRY NG KoK n
BUWRSEIHRE TH 5SRO ARKFETH¥BE TFEHUEAH
REFEE, EREOH B M LET.
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