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Mechanisms of resistance to antibiotics in actinomycetes. —Monograph— MASANORI
SuciyaMa™® (Institute of Pharmaceutical Sciences, Hiroshima University School of Medicine,
Kasumi 1-2-3, Minami-ku, Hiroshima 734) Hakkokogaku 69: 253-270, 1991.

Microorganisms which produce antibiotics must be protected from the lethal effects of
their own products. The present paper reviews several of our studies concerning self-
resistance mechanisms in actinomycetes which produce antibiotic inhibitors of protein syn-
thesis: 1) Establishment of an in vitro protein-synthesizing system in Streptomyces. ii) Investiga-
tion of the inhibitory effect of their own antibiotics on in vitro protein synthesis. As a result,
it was shown that though the producers of streptomycin, neomycin, streptothricin,
puromycin and blasticidin S all possessed drug-sensitive ribosomes, the protein syntheses
could be protected from the action of the drugs by phosphorylation or acetylation of their
own antibiotics. iii) In streptomycin (SM)-producing Streptomyces griseus HUT6037, the pro-
posal of another SM-resistant mechanism in addition to the mechanism of inactivation of
SM with SM 6-phosphotransferase. Our study strongly suggested that a decrease in cell
permeability to SM which develops with cell growth plays a role in the self-protection. iv)
Purification and properties of the antibiotic inactivating enzymes (streptomycin 6-
phosphotransferase, puromycin 2"-N-acetyltransferase and blasticidin S acetyltransferase)
which play an important role in self-protection of the producers. v) Cloning of two genes
coding for the streptomycin-phosphorylating enzymes from S. griseus HUT6037. vi)
Analysis of the finding that when protoplasts of streptomycin-sensitive S. griseus KSN were
regenerated to the mycelium form, SM-resistant colonies appeared at a high frequency.
The resistance mechanism of these regenerated cultures was different from that of ancestral
SM-producing §. griseus HUT6037, from which the parent S. griseus KSN was derived.
While the resistance to SM of the HUT6037 strain was due mainly to the SM-
phosphorylating activity of SM 6-phosphotransferase produced in the cells, the SM-resistant
cultures regenerated from protoplasts produced no SM 6-phosphotransferase but the
ribosomes changed and became resistant to SM.

—RRENC, FIEWME L, BEDC I - TEES R, BAREE, KEEADRD), SEEACRTFLYHRT
AR D LT MROMEXIAET Y Bin s, MR, SCELIL TV A0, MiasE
BLEHEIND. ThETREWEIRHAEDE L VAV — 2088 ErLAERCMNEST R T
5000 $6000& b EbN T B, ThEDOKREHT 5. i, CoOBEHE, FEHELACL, REWN
TEEEWO—FHTHIBBECL > T2{bh3. HF7e L OEBESRYECEREROEERL LTL

¥ b EELHM Y DTV 5.
* B, Corresponding author. =5, HDFEBDFEORBIINEWEDOIERMFE O®

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

254 AN

BRI BETE X695

Bliw K& v 27 bbbzl TORRELT, H
A HPEIZII DNA, RNA, 2 V227K, fijaggic g
BRRECHREERESE, =x L ¥ -KBBEEL»
1A BREBRIEROD B Lo > T E K.

LI AT, BREPGEREL L OBKEERCFELNLD,
I AR FRIENBEORERSCHEENEDEOHK
B, bVt ERoREY BRYE L-BHRERIL,
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A b V7 bwA v (Fig 1) ik, MBI (70S type)
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Fig. 1. Structure of streptomycin.

HERTBETS. ANEWERX4EET »>HEHOB
CiHEEEY RO THHE—BEEL LT, AtLv 7
M= A v EEEE Streptomyces griseus HUT6037 O in
vitro & /X VBEMBROBNL DI L. — B in
vitro & X 2 BABAROFEIE L LT, ETEGY
B U CEAMOM R L SRR, 150,000 % g, 3h OF
DT, VAEY —skv, bELTRETS. &
DEFEOWTE, BELEOELL3HD 1 OLEY
BELTS-150 @ E+5. VAV —a13, 1 MELL

Table 1. Composition of reaction mixture used in in vitro polyphenylalanine synthesis.
2.0 M Tris/HCI (pH 7.8) 3.75
0.4 M Mg-acetate 2.5
4.0 M NH,CI 2.5
0.6 M 2-mercaptoethanol 1.25
20.0 mM Spermidine 2.5
56.9 mM Adenosine 5-triphosphate (ATP) 2
25.0 mM Guanosine 5-triphosphate (GTP) 1
0.5 M Phosphoenolpyruvate (PEP) 1
2 mg/ml Pyruvate kinase 1
5  mg/ml t-RNA from E. coli MRE600 5
5 mg/ml] Polyuridylate 5
each 0.1 mM 19 L-amino acids mixture® 5
0.1 mM *C-L-phenylalanine (100 ¢Ci/gmol) 5
170 Ajsp/ml 708 ribosomes 5
4 mg/ml S-150 fraction 60
H.,O 22.5
Total 125.0 pl

* 19 L-amino acid mixture; L-alanine, L-valine, L-leucine, L-isoleucine, L-proline, L-
tryptophan, glycine, L-methionine, L-serine, L-threonine, L-cysteine, L-tyrosine, L-
asparagine, L-glutamine, L-aspartic acid, L-glutamic acid, L-lysine, L-arginine, L-

histidine.
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Fig. 2. Binding of [*H]dihydrostreptomycin to ribo- Fig. 3. Effect of concentration of protease inhibitors on

somal subunits from S. griseus. The dissociated ribo-
somal preparation incubated with [*H]dihydrostrep-
tomycin was layered onto density gradients of 10~
30% sucrose in a buffer [10 mM Tris/HCl (pH
7.65), 30 mM NH,CI, 0.3 mM magnesium acetate
and 6mM 2-mercaptoethanol], centrifuged at
70,000 X g for 17 h, followed by fractionation.

TVUE=YATOREBC L > TR L, S-150 E4 &
BLELETHA. nvitre X VA7 BERFRITNL
B EKRLRAIEAY Table 1 IR L. _
¥, REEMECTAHLRTELFEY T, S
griseus D invitro & VXV BERFREXFAR L. £ o, &
VY e —RNA L LTRI VY CABYBWILE
A, avire—LE LTHAWIEKBE (Escherichia coli
Q13) Tix, B, RV 722175 = vERHE
BDHRIH, BBETIE, TOXEY_TF N A
EERENIhotc. DT L, BBEOBE, X
BE LR UAETREE YD invitro 8 V7 BE
HARRELRIWZ EERLTWS. BE, ThET
&, Abv7bea v vEEROEMRMBERP
BV EEREABETARFVFEETSHELT, in
vitro & VR 7 EHERFROENLIIRETHD L ENTE
T D EEIL, REESA BT T T —EEED
B EMD, HHEDOIER LK v 2 BEROME
RFRX e 77 -—E¥ThHArS EEZ, S griseus
HUT6037 DEMimER AR TrHhic->T, 7
r7 7 —¥HEROHKMEENE L. Y RERD T R
TT-YDOHEEXERZANRT, S griseus DER A%

in vitro polyphenylalanine synthesis. The concentra-
tion of protease inhibitors [PMSF (3.45 mM), Mg-
Titriplex (5 mM) and DFP (0.2 mM)] contained in a
buffer {10 mM Tris/HCI (pH 7.65), 30 mM NH,CI
10mM magnesium acetate, 6 mM 2-mercap-
toethanol, 3.45mM PMSF, 5mM Mg-Titriplex
and 0.2 mM DFP] was defined as 1.0.

I MKCI TH#H®R, AEDEML TEOEGBLERL
7= . 5mM EDTAK,Mg salt (Mg-Titriplex), 3.45 mM
phenylmethylsulfonyl fluoride (PMSF) ¥ X U 0.2 mM
diisopropylfiuorophosphate (DEP) &\ o7/ 3D 7' R
77 — R EH Y E & EE [10mM Tris/HCI
(pH 7.65), 10 mM magnesium acetate, 30 mM am-
monium chloride and 6 mM 2-mercaptoethanol] % -
TEMBHE R BOL, VA Y — ARV S-150 B
DERB LI, <7/ F 0T a4 A VOBREY 10mM
25 03mMIZTHFA &, VAV — 412308 & 508D
Y7 2=, MCEBETS. 25 LTUHEBEI ) £

Y — A & [;H]dihydrostreptomycin CHDSM) D fE & 8
FE 2 AR, Fig 2 RT X 51T, SHDSM (1
AEDOVHEY —LD30SYT=2=, VEESTEZ
EDESTD ORI, Ab v~ A E
BOVAY - 2 ACEERAEWE N L TRE Y
RTZEREHRLTVS.

—7%, 777 —EEEYEETSDICAVCE
DFEFID, invitro 2 3 7 BEROBER & LTE
BT5Z xRV LY (Fig. 3), IRER > B\ THAR
Lic) RY — AR XU S-150 @O 2D, 8D EN
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LT, KEBRORCEET 5 0REEYRH D m
vitro & VXV BABREHFHE TS THILTH &
T L.

. RMLT ML EEFEHOBCTRERE

ZDXSIC LTHREIN tnvitro & VX7 BEK
FZEBAWT, AV b~ VEEHES griseus
HUT6037 w3 B A b U7 b =4 v v OBEERHEN
fo. FOREE, 100 ug/ml OHEMBEHELET T, B
D E VAV BERGEE SN, HEORER,
SEEER O M CRB I NI invitro 2 V7B
ERREENTEL, EFHOLTRICRTELS 23
EE AR L.

APV r=A L, Fig 1R T Lo, AL
VZ7FOV, APV T P —ABIPN-AF AL
2HIVENS 3OO VEBRINSTENETDH
h, TRTOERYLp- I/ =2 - A HEYHEE L
THAEHEIND.) T OEEBIICIK L TIL, 12 Bt

myo-—inositol

OH OH

scyllo-inosamine

SRIcA b VT b F 2 v (streptidine 6-phosphate) 122
EFRAPVT - AREE LI, N-AFr s
NaHIvhh, 7YV v IS LT FeAR b7 b=
1> 6-BEBBRER I N D (Fig. 4). ZOHWHEIL LD
EHREME TBILIR T BERBIEA P VT b <A
v/ (Streptomycin 6-phosphate) & 7% b, ZTh 2 Hikg
% EE T ABR, Osmotic LB X » TAES TR
ZHERHEEIRBY 75X 3, 77/ Streptomycin 6-
phosphatase!® (7 A7 V7 4 A7 5 X —ED—F)
DYERZZ T CTHRBRBIEIh, BEERHA L VS b ~a
yvELTHRMCSWEINS.

LT AT, S griseus HUT6037 O A0 A #h HI WG 1T
X, ATPHETTA VT b= v v lifgtT 5
MEROFETHZ LY, YHRBOWERR L LT,
TTIHALCEIRT . COBERIE, APV T L
A VYHFDOALNVTFLO U C6 LD OH HED
BRI EMET L Lnb, ALVTE<S Y V6
BET4{LEE K (Streptomycin 6-phosphotransferase) & #34
Thic. EHEIZ, AED S-150 B4 D Streptomycin
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Fig. 4. Biosynthetic pathway of streptomycin.
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Fig. 5. Inhibition of polyphenylalanine synthesis by
streptomycin in in vitro systems prepared from a

streptomycin producer and non-producing mutant.
1, S. griseus HUT6037; 2, S. griseus KSN.
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Fig. 6. Affinity of binding of streptomycin 6-phosphate
toribosomnes.  Symbols: O, streptomycin 6-[*2P]phos-
phate; ®, [*H]dihydrostreptomycin.
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Fig. 7. Release of ribosome-bound [*H]dihydrostrep-
tomycin by phosphorylation. 1, control; 2, ATP; 3,
S-150; 4, ATP plus S-150.

VI b= R B RIEE Y B LW ERKROR
BrRurl. TORBELT, EABBH LY, S
eriseus KSN L B L BBRBBEORBIZHI L. £
ERKIBBRCERESE B Lic dnhd, ALY
ThreA Vb E-RSEE L. E12, S
griseus HUT6037 3 200 pg/ml DA + V7 = A >~ v
Y EUEREM THEE TEXHDORIL, S griseus KSN
20pg/ml DA b V7 b=A v v HEETFTCRELILE
BNEESh, B ARAEYECH LTHEELS
WEEMRR L. £2T, AERKED invitro &
RIBEBRRIETA VT b =A v vOEEY Bk
DEREHE L. Fig. 5 2RdT X 51, BT,
Sug/ml DREDA VT b= v viext LTittEs
R LTCH, S griseus KSN TiddoT 5 0.5 pg/ml DK
ETELCBEINT. T Dinviro & VX7 BEEK
DRI ZIL, Table 1l TRTZEL, =574 F—
e LT o ATP BWFEET A DT, S-150 EsH F
DBEELEBER L ATP OFFETTA VT b <A v v
NHEBEIND LEELZ DR A LE 5 biE,
kA VT b= i3 g v 2 BEREBE L
VB gV. ZORBREERTHIDIT, APV
<AV 6-HEBED invitro B VA ITEERA~NOEEY
BELL. B Lo, BERMCER LI BEsL
APVT A v v A s BEEREBELT, D
DAY = A~DEELRB ORI -7 (Fig. 6). X
LIz, FEHX, S griseus HUT6037 DV A Y — ATHE
& 387 SHDSM %3 ATP 7 T T S-150 4 & #n
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TAE, VAEY —a LRI CHEHINLE & % R Table 2. Characteristics of strains used.
WIEL (Fig. 7), A MV 7 b~A vy 6B (LEEE N, HUT6037 Ei-1
EEEDHCMMORTFOVOEOTHEZ LB L
e L9 SM resistance (zg/ml) 85 45

- SM production (¢g/ml) 120-150 20

III. 2 FLT 74 2 OMERIEER S BN Specific activity of 0.61 (18h)  0.24 (18 h)

SM 6-phosphotransferase ~ 0.91 (48h)  1.09 (48 h)

FrE Rl A E L S griseus HUT6037 OB %
0.5% NaCl T¥#th, Z OE B 0.5% NaCl iw Bi%
WL, 300pg/ml DAL VT b<g v vrfinlid
A, BMULICHIEHEORL B RE 5730, &+
V7 A v e BB ER T RS Y R
WIEL7 9 2o, ERBIEHHOESKL h K
IR DBEAEIC I\ T /s ) @0 - 7o (Fig. 8). =0
CEE, ABEMERICA N VT b v L, M
RACER DA ERDARERDOH B Lo RT L&
, MRACER DA TR ENBEIBRBILIh, 2
FUT =g o OB AT L & LB T BEH
BB EXRBEL TS, £2C, SHDSM % H\-

A
8r

200}

100

SM and SM 6-phosphate (ug/ml)

Streptomycin (SM) production is expressed as the con-
centration accumulated in the culture grown for 120 h.
Specific activity of the enzyme is expressed as #mol of
SM 6-phosphate produced from SM in 1h by 1 mg pro-
tein. The cell-free extracts prepared from cells grown at
given times (18 and 48 h) were centrifuged at 30,000 Xg
for 30 min and the resulting supernatant fluids were used
as enzyme fractions.

THRANDA MUY b ~1 v OBBEYBIE LT
At TORE, MEMOBEGIEERO sk~
T, BORBETAHC LN THEA LTV 7,
CDXSTe, AEMBELERCHT TR 2H4mE

B

%Jg/g/a——n———ﬂf/g___g___p._g
6
Or

q

Y 2 4 6

——

8 2 4 6 8

Incubation time (h)

Fig. 8. Conversion of Streptomycin (SM) to SM 6-phosphate by mycelia harvested at the exponential (A)
and stationary (B) phase of growth. SM 6-phosphate, SM and pH are indicated by 4, O and o,
respectively, in the presence of externally added SM (300 #g/ml) and by A, ® and m respectively, in

the absence of external SM.
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DRI DALDOEA L, APV T b= v R
HoBCmMHcEE LTV sonbaninsE L
7o, EHEIX, S griseus HUT6037 8Bk & LT, A b
V7w KT SIS B ER L DBV, S
griseus KSN X b Ui_r%;l/\%fﬁﬁ S. griseus E1-1 % B8 L
TOOMKSNERIZA b VT b <A v VIEEEMK T, 52D,
AP VvT = B VEERIESE R Uik - 7o hs,
El-1 BRiX, BRRCHNEEREI BV 2bb
T, BEBKELABREOMBILERESELY T LL
(Table 2). Z OFERBROIBIZ X b, S griseus
HUT6037 DEHTOMWMIZA b v 7 b= A v v gL
FLUs, BIORFIFETHTES LT L. £ 2
T, BE BRI 2THEEDCELYBE L T
51, WHRT *HDSM DM@ % 5HE L T4
7. Fig. 9 R T X 51, B S griseus HUT6037 T
X, HORFE L HAEMEOMBANEBRI R L
T DL, El-l B TCREEPRCE - T
SHDSM OFEBUEDOEA IS E hBD S ich - 7.

wie, HENBOHIRNAERC BT S K, & V., 8
B TRIE Lic. T DR, HUT6037 & E1-1 £
WEBAL VT b=A v vEBRD K, [BIXRE O
WEEFEHYT, ThXh, ¥H047mM & 0.70 mM
THote. ThLOERAEETRIERUT, RBRCE
3705 K OELDIRBD ORI, —F, Bk
B3 Vo BIXEORE el Lch, El-18
T, BHEPT - L RO Vo B ) EEYRL
7z (Table 3). # /), BE&ETIX, ArvFb=a vy
DEEIEINT 5 EE T IHBANDRAME DT
Ax 3 2 BB B < A, El1-1 T, Toigs
FBIHT, BEEOA VT b4 v v
ALTLES. DX 5%, BO4AFLE L ILRET
HALVT b=a v VEDAZDOREA (B B\ i)
LbAPVT b= Y VAEEROBEEIC— o0 RE
HEHUTWB EELT 5.

EEI, ANV T A VEEED, REOBRA
e =D N NV N g GV 3 1] [ [oal:i S BYN

A B
500 - = 4 500
‘@
&~
-l
S 5 100} 100 }
g o
g
S o
-
E
e e A‘ A re A o
0 20 40 0 20 40
Cultivation time (h)
10
*’\
3
9
% o
:u
oW
£
= 1 5
5
T x
[ag]
— E
a
N
0
Incubation time (min)
Fig. 9. Time courses of growth of §. griseus HUT6037 (A) and S. griseus E1-1 (B), and uptake of

[*H]dihydrostreptomycin ([*°H]DSM) by these cells.

The symbols (O, O, and 4=exponential phase;

® and A =stationary phase (in the curves for antibiotic uptake correspond with the symbols shown in

the growth curves.
* Dry cell weight.
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Table 3. Uptake of [*H]DSM. W XoTHBEEIR. e, ®/ 32— FEBPDY

. Growth ” R PIL72=23-ARLsTHHONRELEG
Strain (Klett units) (mM) Vimax P, BHEC I HEEIORBETH . ThbDR
250 0.45 15.0 R, At v7r~a v voMRBEE R Acive

HUT6037 350 0.54 10.0 transport L L b D THH I EHREL TV B, &
480 0.42 6.3 DEBEBHAL LT BD, 3, S griseus

335 0.73 330 HUT6037 O %t BIEA I OB i *HDSM % n %,

El-1 375 0.71 25.0 28°C T 5min incubate U T AEWELXE hA 81
470 0.67 12.0 Db, 7r 7T AMERB L. HAEWELR DA

* Vimax value is expressed as cpm X 103 [*H]DSM
taken up by each strain in 1 min in 1 mg dry cell weight.

LT ECEBRER . FITC, DA H =X a%
MBI, FIENEOES:BMY, EFEERDNHE
EF BB ORER X 512 SH #PREF/r &
ZMMA BT L L > This B EERZIT 50/~ T
HKic. TORR, Ar v i~ v v EEEICLS
SHDSM DO MfaA %1% KCN, NaN,, 2,4-dinitrophenol

/ " 4 i

-2 -1 0 1 2 3
1/(s] (mM~1

AT B b7 5 A D Osmotic lysis #1218 5 L 7c M
FEED ) 5 v s EEMEA DR & HNT26
EEholZ &b, AP UT Loa v v I—RH
RPN SN THET S 2 L hibos 5. E#13,
BT, APV b~A v vEERI X EATEYE
OHRAFBBLE AV T I vO—FARL I DVt ) -
THEIND Z L2BR L. WEEMEL L EELO
MR CIEBEOARL I OVRIBAN LT =4
YYD RALOBEIENH TS b (Fig. 10), +D

-2
(B-2)
6 Pr
>
<> 4t
o
-~y
2‘
i A A e
-2 -1 0 1 2 3

1/(s] (mM~1y

Fig. 10. Lineweaver-Burk reciprocal plots of the initial velocity of the uptake of [*’H]DSM in the presence
(®) or absence (O) of spermidine trihydrochloride (0.45 mM). A-1, exponential-phase cells of
HUT6037 strain; A-2, stationary-phase cells of HUT6037 strain; B-1, exponential-phase cells of E1-1

strain; B-2, stationary-phase cells of E1-1 strain.
v is expressed in cpm X (min)~! X (mg dry cell weight)~!.

*
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Fig. 11.
growth.

K B EEA T 0.45 mM, EFHHTO0.39mM TH -
7o, F i, BEK (S griseus HUT6037) I 31 5 AL
I VOMRAERDAZIEORET L LA HEAL TS
2, El-1LERTI, RBOEBRPCE->TLLTORY
RADETIRREAERD b leh - 7o (Fig. 11). &
DI age & AL I O VDR DAR LEDBERIT, T
BREDL, APVT P VDR DIARDBE L —K
TA5. Lo T, APLVFr=g v 3rXri
Y ORERCE > THRIRPCERTAIDEEL LR
5.
UEDERYLERC LT, APV T <o v
HOBCMME A » = X %% %2 TH5 (Fig. 12). A b
V7 r=A OBt L L THIBERTAE SR S

Ribosome

Inside

el NG

Uptake of ['*C]spermidine by S. griseus HUT6037 (A) and S. griseus E1-1 (B) at different stages of
O, exponential-phase; ®, stationary-phase.

AR, MM W I B, streptomycin
6-phosphatase DfE A CHIERE(L XN EHRI A + L 7
P v E LTEBPREEINRS. EREINCA
U T h=A UL, RY T3 v ORERICE - TH
RRCERIAERATLES> S, HEACEETS
Streptomycin 6-phosphotransferase iZ & h #Eg{t E .,
BUY, MR~z a5 8mEicEs. ok
%, AMUVTP=AYYRYRY —ARZFEELICEL
Th, BBEROBEIC LY, HAEMEIIR, TO%
Be=RATNLELTYVAEY —ahbLEBEIRS. AT,
MEWEEEOBRALEEMOMBRTIE, RV 7 1y
DBEFRDOFEREDET T 210, ThicEHTI10
IORAPVT bA v v OMBEARERD R T 55

ﬁi SM 6-phosphotransferase
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SM 6-phosphate

Cytoplasmic membrane
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«— SM 6-phosphatase
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Fig. 12.
6-phosphate.

— % Periplasm
o

o é——.a*——

o
SM

Model of self-protection by streptomycin 6-phosphotransferase. @, streptomycin (SM); &, SM
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B, flRADOA LT 71 v v BERETIR50
e VA RV IR L)

Iv. BEY . NV HARMEEREERD
BCmMHEF

S. griseus W23\ CHENL L7C invitro & V2% 7 B E K

HEAWT, Arv I hxA LS Os v 2 BER
BHERAHBELERO HECHEBBYBLACTAZ
ExRBI. FOE, £ETIHAEMBEOLFEEL
DERZIY, BOWHEEBIRLILBTIHAKLL
ot UTREORRZFRT.

1. )R =LY

FA=A L, AL UT hwA vy EEER KE
HESTAEMBECIEIND. ATAEMEIIEL 7 7
a4 v E ST, Streptomyces fradie I X - T
ELRAZ ENHMORT WS, EEL, S fradia
HUT6096 @ invitro & VX 7 BEBFZEBY LA A~
4 Vv OEEYRANI. O OFE, 100 gg/ml O F 4
A Y YERHEMTHZ LR LT, & VA7 BEHM
PEE XN &b, FEDV AV —A@FA VT
~A AR EREABRRZE YR T IEAALIICL

w

N
-

-t
T

i A

10 20 30

[14C]Polyphenylalanine formed (cpm x 10~%4)

(=]

o

Incubation time (min)

Fig. 13. Inhibitory effect of streptomycin on poly-
phenylalanine synthesis by the in vitro protein-syn-
thesizing system. Symbols: ®, control; O, strep-
tomycin E (0.8 mM); A, acetyl CoA; &, strep-
tothricin E plus acetyl CoA.

o, FA<A v vEEER, BOAEREHDEY G
R IV 7 2F b T2ERYRELTERD, Thb
DEZENBCHEREE L T5 2 L3 L 0E%OMD
IN =T OWFETHELLIT IR

wie, RAUKBHEESTAEWE THLA VT T
A 5 A v v H B (Streptomyces flavotricini subsp.
pseudochromogenes V-13-1)10 @ in vitro & ¥ X 7 B &
BAYEMNL, AREHEC I 2EE2RELL.D
FOHER, KED invitro 8 VA7 BEBIL, A bV
TrASA VIR L > THEIRID, TORKLT x
FALazVFAAATMZICE A, TOBREIT
S BB S N ic (Fig. 13). LI > T, KED VY K Y —
AZA VT PARSA st LTRSS AR T2,
BIARCEETDLA LT F A5 v v 7 2 FA{LEE
FOrKEOHCOMBCEE L RELHE L T2 L8
hs.

12 p
&
L 10}
-
%
£
a.
3
o
0
E
¥
[0}
U
Q) jou
g 6
o
a
—
L
i
>
)
2 st
5
3 ¢
=
3
5 2F

¥a
(
(o] A . -
o 10 20 30
Incubation time (min)
Fig. 14. Inhibitory effect of. puromycin on the

polyphenylalanine-synthesizing system derived from
S. alboniger and elimination of the inhibition by
acetyl coenzyme A. Symbols: O, control; A4,
puromycin (0.18 mM); ®, puromycin plus acetyl
CoA (2 mM).
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Fraction number
Fig. 15. Binding of [*H]puromycin to ribosomal

subunits from a puromycin-producing strain, S.
alboniger. The dissociated ribosomal preparation in-
cubated with [*H]puromycin was layered onto densi-
ty gradients of 10 to 309 sucrose in the buffer
[10mM Tris/HCI (pH7.65), 30mM NH,CI
0.3 mM magnesium acetate and 6 mM 2-mercap-
toethanol], centrifuged at 70,000 X g for 17 h, follow-
ed by fractionation.

LIAT, gvAsHEARMBERN L LT, EiEEK
BHEXMTAEMEORME, Zhb EbEEED
BR2, /eSa7=2a—1LKk TEIHALAI7 Y v
F, RIZUVACFROLDONELETS.

2T, ThOoSEYELERDO S B,
A VEBIVPTITAF 4 v vVS EWVatfRX 7 LA
YN RAYWELEEREO BGOSR OFALKROR
B& L7,

Fig. M W RT IS5, Ca—mvAf v VEEH
Streptomyces alboniger KCC S-0309 @ in vitro & v -% 7 'H
ERFIE 2 —v =AM VIR DERVCIEEYZT
7o.®F7, HTEHB L LE2—v<a Y EEKE
DYXRY — A LDOBEEBRMBELXRELCEZ A, 308
BIOS0SOHY RV —= 4T 2=, b EHEET
% T & pidons - T (Fig. 15).

.-

Sll 6"
" OCH,

9" g*

I 2" 3" "
O=$7?H—CH24
NH-R

R: -H
-COCHj,

Structure of puromycin and acetylpuromycin.

: puromycin
: acetylpuromycin

Fig. 16.

DS, Ca—mwf v VEEEOYEY -4
LECAEERANECH LTH b BRI 2R L
To. AP, KEDinvitre 2 V2 7 BERFRITT
CFLa VYA AAEHFMLICLES, Ea—r®
<A Y VI BHEENTFLCHERINIC Enb, &K
Bo O MARRACFET A - Y V7
F AR TH S & Rl L1 (Fig. 14). ROE
Bl LT, ABRILIAE . —nr< v VDT LF N
fEoMULETFELL. BRI T eF LI
Ea—mvf v /EBR L BBITerd el s,
Fig. 16 L RT XI5 Ea—mn<A Y VHFDO-4F
NFe Y VBT ) ENT eF IR T,
7 2 F LD S LT oo E DL ABERY
Puromycin 2"-N-acetyltransferase & iy L72.2)

RiT, 75 AF 4 v v S EEBE Streptoverticillium
sp. JCM4673 @ invitro 2 v 3 7 BEBRFEFARL, 7
SAF 4 vV SFig 1IN LHBEEOHELY AN
. FORR, €a—v <A Y VEEROES LR,
gV BERNEEI R LB, KED Y H
v-adih, BCEENEMECR L TREZETS
B EMbhole.®MEt, THFLaz A L6A
DEMT L DT D invitreo B VR IBERDT 5 AT

4 YUV SIIBEEIREKRINL. 20X S,
2
LT
HN-\ N O NH, NH
N~ © “CcooH
o

Fig. 17. Structure of blasticidin S.
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Table 4. Substrate kinetics of streptomycin 6- 5
phosphotransferase. é 2k
K 4 Vsl K -
Substrate - (#mol min~! max’ " m g
(mM) (mg protein)~!] ratio N/
SM 3.5 28.6 8.17 3
Dihydrostreptomycin 11 22.2 2.02 5
Uy
Streptidine 28 11.1 0.40 o
o
.g l =
o
i
AMVFPASA VY, Ea—aI4 v /BIVT S 3
g
AT 4 vy SEEREOBOMBERC L2 HLLETD g
[=¥
0L, Ebi, HAWHET tFETh T i 2
. o
OIS BB T - . e
::o
= — —t
2. MAEMETEHEOMR(FNHME %0 10 20 30
NAEYWEEEROHCRERF & LTHLaNT L, Incubation time (min)
Streptomycin  6-phosphotransferase, Puromycin 2-N-acetyl-  Fig. 19. Protection of polyphenylalanine synthesis

transferase I WN T FAF 2 v S 7w FA{LERIC
DLTHEREY T, TOoWELEMEE YR
Streptomyecin 6-phosphotransferase ¥, 370000 &
BGERTHH, TOFERL6.6TH 7. ATP,
GTP,CTP, TTP &\ nt25-F/ X7 LA F FDH b,
ATP A P LT b= v viliBgbD D54 L
LTERABETH-T. FEFEDOA VT b=V vBX
U ATP XT3 K, {3, ThZh, 3.5mM &
0.4mM Thoto. BEEHIL, ~7Fv Y aftv
(10 mM) & X D IEHAL I Rich, EDTA R AgNO,; i

Log percent of control activity

1L.0p
O L B S A —
0 3 6 9 12
Incubation time (min)
Fig. 18. Heat stability of puromycin 2"-N-acetyl-

transferase. The enzyme activities were determined

at 60°C (O), 70°C (®) and 80°C (&).

from blasticidin S (BS) inhibition by the acetylating
enzyme. Ten plof 500 ¢g/ml BS hydrochloride was
incubated overnight at 28°C with purified enzyme
solution, in the presence or absence of 10 gl of
20 mM acetyl CoA. The reaction mixture was add-
ed to the polyphenylalanine-synthesizing system con-
taining ribosomes and a S150 fraction from S. griseus
PSR-2. Symbols: ®, control; A, enzyme fraction
incubated with BS and acetyl CoA; A&, enzyme frac-
tion incubated with BS but without addition of
acetyl CoA.

Lo THRIBEERXZT .
transferase (¥, A bV 7 F=4 2D C-64H620 OH
BT HERN L FRAN LT b A Y URA b

VI BT S, Sl ArLVIFS R
e Vex v =g OB bo- 0B
APV b= vt N, TRFRH0ER IO
4 f&{Eh> 5 7o (Table 4).

&KiZ, Puromycin 2"-N-acetyltransferase 2 fEH L,
T OWBE XTI 0 XEROLHFREIL, SDS ERK
B X 9 21000, Sephadex G-150 & Fi\ 7o 7 /v AR
L h85000THbH, 4DODVT2=y bbbt
S -BETHHENTEIN. ¥, SEAR
IJORIGOERpH I Eh L, 628 LV7.7TH -
te. AEEFEOE . —r=f v v T wFLax Vg
AAKTS K, B ThZh 40 gM I X UF 67 oM
THhote. Filo, ZOBEEFKIL 70°C, 12 min DENE
X LT, BETH- T (Fig. 18). EEE, HE—4x v
7 8V F ¥ TH R & R 7o Puromycin 2”-N-acetyl-

Streptomycin 6-phospho-
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smk
et memrenm———
- — - e [ SAUV) = -
TS OTE OZ 83 8333 E3%83 53
~
[ o 8:’8 nw n Y U)U)BU)SG h:mm!nmmg
q ~
~ L]
2 :
: 5
Q
Stra
i —
-~ B — — O S = Iy Sy e TR U = [P
3% 35 FSRELEE iised T SPSE AT
a A/ 0 X Suan a,
‘gn‘mm kg gmwm é’) TN
Fig. 20. Comparison of the restriction maps of two streptomycin-resistant genes. The thick line

represents a DNA fragment from S. griseus HUT6037 and the thin line represents the mel gene of vec-

tor pIj702.

transferase (¥, Ea—mr<A oW LU CTREREYR
THBED invitro 2 VA7 HEERDE 2 —nv 4 ¥
VIR HREYRETME LI

IR, Streptoverticillium sp. JCM4673 DELE TS 7
FATF 4 YU VSTeFALBEEORNY T2
FBFE D SDS BAXEIC X 50 FEIX15000TH b,
Toyopearl HW-558 2 5 A 2 v = + 75 7 4 — Tk
13000& RES I 1. AEROERRIXI2TH 7.
TIAT 4 vV SEHT5 K, Hiz2mM TH D,
TeFraz=vHF4 LALHTHIERITIImM TH
st EFl, BERGII == v¥F14 2 AL hEH
BHEXh, £OKi fHiX9mM THo7. S
griseus PSR-2 2 HRM LTz invitro 2 v A 7 HERFR
X, 79ARAF 4 v v SR LTREHEEYRTH
(Fig. 19), Y L -BEESEX 7 tFra= V¥4 A
ALLIEMZIABIEREIST, F753RAF 40V S
X AR BBR I NI LD (Fig. 19), B
DT e F M LEROFENEH I .
HEYRFEH(EHRBREFO/D—=>
1970 REN LI F - L RETAR L ERZ, K
BEXEEL LTEIOCThh TV 5. 1980548
wisd b, BBREYBEL L-REFRIELEAR K
b, EBOFR LILHEZ T BCRERETFOMA
Eh AT,

¥FL, AP Vv I b EBEES griseus

3.

HUT6037 D4 DNA % BamHI THIKiES, Bell THE
L plJ703 i RS LT S. lividans 1326 D7 » } 7 5 A
b MA Lfc. HUT6037 #kid 200 pg/ml O R b L 7
bed VR SURRIEM TCETTELH, BELL
TRV S, lividans 1326 (% 5 pug/ml DRE CHET TZ
eV, £ZC, W0pg/ml DAL VT <A Y VEFET
THLYEBFTCEAWERRKLRIRL:. TOBR,
2.5kb DIEAMTH DS 5 X 3 ¥ pSP6 ¥ RHFT5
S. lividans V%, 200 ug/ml DA+ V7 + =4 v VEET
THLEBAREL L. ®E LT, ZOBEERKZ,
AMUT A v BB CEEEEE A LT B

RNA from
S.griseusHUT6037

RNA from
S.1ividans (pSP6)

0.5 1 2 3 4 1 (day)

20ug . probe
smk
10pg .
20ug stra
10ug
Dot blot analysis
Fig. 21. RNA dot blot analysis. RNAs were extracted

from the cells of S. lividans harboring plasmid pSP6
and §. griseus HUT6037 harvested at the times
given. Smk and stzA genes were used as the probes.
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ZHLOWREIIFRILE, BOAMLVT Fwg v v
EECRFBA VT b~ v v EBLEEEETO
sm—=2 v SORENLINIH, TN EELIT LS
THE SN BERCERRETOMNRE RO <, 7
(Fig. 20) 3 L OBRE S B EETP? 11, BHO®mE
LEo RigoTwic. XDEOMET, EEHLD
78 —=v 7 LIBEFIL, Heinzel 53 2384 L
Streptomycin 3"-phosphotransferase Bz F & [8 U TH
h, BCW M thi dBE F Steptomycin 6-
phosphotransferase % @ — F 3 2 BETF L1287 - C
Wie, BELI v —= v 7 LR CERETTFY
smk &4 L, Streptomycin 6-phosphotransferase &=
FiLstrA® BB\ ML aphD BEETF E /B I, £
D, EEDD, S grieus HUT6037 5> 5 strd 12 H Y
THREFEXIRBTH LR L. WDz L
i, AbLrS e v vEERIIA LS 200
AL VT A EBREBEREEFIEET S L
KRTHLDOTHEH, ZhET, AbrvFb=qgvy
S EEITIL, Streptomycin 3"-phosphotransferlase DHF
ETHZ AL T Wik nto. £ 2T, S griseus
HUT6037 D@ k75 Total RNA ZHiH L, smk 35 X
OstABEFH 7o —-7¢LT, 7 —Fv7ey b
17VEA L= g VW ET-1. ZOFKERE, Fig.
20T X 51, sud OBEFEH IR IIH,
smk DEBEMIRDORIEh >, Z ORI,
strtA BIEFi, S griseus HUT6037 D fIJAN CTHRE
L0%, smk BETFIZER LIV, HHVREBR LT
LT HbTIhTHBEIEXRLTWS,. Lkai-T,
S. lividans 1326 XX E L T2 v —= v 2 Ui smk &
BFR, A vT <A o EEEOMBA TIRER
RECHDEE2S. 2D L3 BREC KT A HKE
BETFR, B, W22 BEIRTE D, >N Th
ERT DI LT, BRRERARCHFCLRAY LD
THOLBbhB.

V. 7abt7SRMBECLYFEREND
nEMEmYE

BREZEE L LIRETRFR, KBEOTHC
HRTHEETHS. i, KBE TSl 1
VY LAMETE I L THEBIZDNA % HBEATE BN,
BEE~D DNA~NDEAIIL, BED T e + 752
Mbé, Thic#d, e+ 7352 FOEA~NDE4AE
PRELEINENLTHS.

Bt L7 Z &<, S griseus KSN UL, APV T b=

Table 5. SM resistance in strains obtained by
regeneration of protoplasts from S. griseus KSN.

Level of SM resistance

Strains (g/ml)
HUT6037 200
KSN < 20
PSR-1 230
PSR-2 350
PSR-3 180
PSR-4 180
PSR-5 300
PSR-6 75
PSR-7 120
PSR-8 100
PSR-9 100
PSR-10 120

A v VRS griseus HUT6037 2 Bk & LT, %4+
BRECLOIDBIRTCA VT b= v v 6Bk
{LERRBEERKTHD. AEEKRIL, AP =
A v EREETY, ALV T <A v v LTI
CaWREHETRT. BE, Chb0oNEIIHRIEE
X THEATEZ L, KEIS T b 75
AMPEFRL, ThEEACELEIRLETT, 1
KOBBETAI LT b =A v VI ERTHZ &
FRGKELK., T3, HBEORETFEB L E
BRIC AT 7 e b 75 R BAEREN, ATHEE
FERXLLLTHREEOS B LERBERLTVS.
EE 1L, Streptomycin 6-phosphotransferase i ¥ %

60
5 qo -
s
5 20
=
=
0 . —s
0 0.1 0.3 0.5
Streptomycin ( ug/m! )
Fig. 22. Inhibition of polyphenylalanine synthesis by

streptomycin in 7 vitro protein-synthesizing systems
prepared from HUT6037, KSN and PSR strains.
The inhibition (%) with a given concentration of
streptomycin is expressed as the ratio of the reduced
amount of polyphenylalanine synthesis to that syn-
thesized in the respective streptomycin-free reaction
mixture. Symbols: A, KSN; O, HUT6037; @,
PSR-1; O, PSR-2; A, PSR-4; ® PSR-5.
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PH} DSM bound to ribosome (pmole/pmole)
(=]
=
il

o
[:4]
T

§

SN, SIS, 15 NS, ‘S SN - " S W R
9 10 20 30 40 50 60

(=}

Potassium chloride ( mM)

Fig. 23. Binding of [*H]dihydrostreptomycin to
ribosomes isolated from KSN and PSR strains.
Since the binding affinity of ribosomes for the an-
tibiotic is affected by monovalent cations such as K+
and NH,*, the binding was examined with various
concentrations of potassium chloride. Symbols are
the same as in Fig. 22. ‘

ALEVES2DbOLTA NV <A v VLR
T OWMERERCER LA, 22T, ZOW
HEEMELBE O T RHRLED . ® S griseus
KSNO7e b 752 b 2B4EL, HBLkar=-
2h 7V ACIBEEYROW L T 5, 50 pg/ml
DAL VT =AW LTiErFTTar=—H
1285 5. Table5 ik, £D5 HLO10EDA + L
7= VSRR OV T, WREEYHELLE
REBERETRLTHS. 20REFRT IS5, 2hbd
BERERKDA VT <A v YRHEIXS griseus
KSN X h B\ s bh, KSN ROBHETH S S
grisecus HUT6037 X h b W Bk BB L htc. %1,
ThHoAPVT =1 v vIERBRERBKITXT
Streptomycin 6-phosphotransferase IE¥E% 5 L 7ch: -
o, EEL, WEEOBV4DDERE (S griseus
PSR-1, PSR-2, PSR-4, PSR-5) @ in vitro & /-3 7 B&
BREAEML, APLvI =M vRIBE VAR
EROEBMYBE L. TORKR, S griseus PSR-2 36
LXU'PSR-5 TiE, #V Y ) oABE m-RNA & Li:
tnottro RY 7 2 27 5= vERMNFE 7L EEXHN
7shyo fo (Fig. 22). I, ThOBREDY £V — 4
& *HDSM L ORSEBMEX BT Lic. TOKE, =
PUT b =4 v ViR LECRERYTRT S griseus
KSN TiX, VY +FY — 4 1pmol H7H 0.7 pmol D
SHDSM % #& L1cnd, PSR-2 ¥ X U PSR-5 fgkk D

Fig. 24. Two-dimensional polyacrylamide gel electro-
phoresis (2D-PAGE) of the 70S ribosomal proteins
from KSN and PSR strains. The arrow indicates
the protein shifted to the left as compared to the cor-
responding protein from S. griseus KSN.

YAEY =23 E-To KB LIEh o1 (Fig. 23). L7
AoT, ThHLMEREBRERKOTEOEARL, v+
Vb ZHBIEXRLTWB. X ZT, S griseus
KSN & S. griseus PSR-2IS L UXPSR-5 DY KV — A &
VRIBEYZRIERIT 2 IAT I FAABREET
HB L. Fig. 24 /R T X 512, S griseus PSR-2 35 X
'PSR-5 D70S VAEY —a g/ A72BD—DnS.
griseus KSN DX N L BRKBOBHEC BV TR
S TWABIZ Edbhote. ZOFILYHERTNL, S
griseus KSN & S, griseus PSR-2, %\ iX, S. griseus
KSN & S griseus PSR-5D 708 V KV — a2 v AVE
ZXThEhBEEL, —KTRIKBCH T, TORK
B, S griseusPSR-2D 708 V£V — A& V37 BOO
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Fig. 25. 2D-PAGE of a mixture of the 70S ribosomal
proteins from two strains. Ribosomes from S.
griseus PSR-2 or PSR-5 were mixed with some from
S. griseus KSN and subjected to co-electrophoresis.
The arrow indicates the protein from S. griseus PSR-
2 or PSR-5 which was shifted to the left in electro-
phoretic mobility as compared with the correspond-
ing protein from S. griseus KSN.

LD, Thici@MT5 S grises KSND Z V27K
TN, b, BBHEXYLVOERK 7 LT
\ /e (Fig. 25). & DFERIT, S griseus PSR-5 DFP ST

Fig. 26. 2D-PAGE of the 30S ribosomal proteins from
S. griseus HUT6037. The protein indicated by the
arrow corresponds to that in figures 24 and 25.

LA TH » I (Fig. 25). S. griseus HUT6037 D 308
VAEY —a 2 S BROBKKEIC X 50WORKR,
S. griseus PSR-2 38 YUY PSR-5 @B W THE L Lic 2 v
SRIBiL, 30S YAV —ax A7 ETH -1 (Fig.
26). KBEHBTHA LT =1 v ViHEERE
DY AY = ARWRORIKER, ChoEREKTIR,
30SVAEY —A &2V RIBOVEDSI2 & Vv AIRE
RLTWBZEXREIAL. DD Enb, S
grisecus DA+ VT b =4 v Uit RBIcBST 5 LR
YRV —ag /A7, KBEDOSI2 4 V27K
CHY T oL AR, WThiIZ® X, Se-
tomyces BIZ BT BV AV —2BFROGE LTIL, 8B
ENMHTTHSB. T, BBREDO Y KV —ax w2
JREZBLTiX, XKBBEY AV -2z v R
L7/L12 YT 3 S. griseus HUT6037 T 5 & v

Table 6. Extent of amino acid sequence similarity in amino-terminal region of prokaryotic ribosomal acidic
proteins.

NRCC E. coli V. cost. C. past. B. stea. M. lyso. B. sub. A. glac. S. grise.
NRCC 100 74 68 53 58 47 55 38 49
E. coli 74 100 79 50 55 50 39 28 36
V. cost. 68 79 100 50 50 50 37 31 36
C. past. 53 50 50 100 84 78 63 51 41
B. stea. 58 55 50 84 100 82 74 49 44
M. lyso. 47 50 50 78 82 100 74 49 44
B. sub. 55 39 37 63 74 74 100 46 46
A. glac. 38 28 31 51 49 49 46 100 74
S. grise. 49 36 36 41 44 44 46 74 100

NRCC., NRCC 11227; E. coli, Eschelichia coli; V. cost., Vibrio costicola; C. past., Clostridium pasteurianum; B. siea.,
Bacillus stearothermophilus; M. lyso., Micrococcus lysodeikticus MA1/2; B. sub., Bacillus subtilis; A. glac., Arthrobacter glacialis; S.

grise., Streptomyces griseus.
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NI BERID B oBERECETAWELEEK
¥ REHAEEFHATFEESAEL GREBRIKX
FHE) L. 02D LI/LI2 Y EY —4aD
50897 2=, MCEThAZELLBEEDCE 2 v
RIBTHY, 757X —RKEHD GTPase HEICE
L4575, S griseus HUT6037 D 708 V) E Y — 2 bhh
L7 x Vo) 7 BRE% DEAE-Cellulose 7 7 A& 7
PR STT 4T T DS o B B
L. 7 3 VORI, Ry 7= vy — =k — & —
RV Vv v &5 v s BIH LB R Y
AUWTREL. COBEYRY —ax v H
(SA1 & &4) (2 Asp 7, Thr 5, Ser 5, Glu 18, Gin 4,
Pro 4, Gly 8, Ala 24, Val 13, Met 1, lle 4, Leu 12, Phe 5,
Lys 14 3 X O Arg 1 ©FH1257 3 » BRERESDHR X
n, FOHFETI069TH-7c. TDSAL & V-7
BO7 3/ BRI &AEHEDOLI/LI2 24 70DV E
Vs vy BERE L. N-RgEEROT 3/
AT (RPO3IFEDOHE) DELMEX B TRLK
% Table 6 IZ7R L7y, S. griseus D SA1 & v/ %47
B, Althrobacter glacialis DT & % - & S EH\VEHLME
R L (74%), (SHOHME & OEOELUWA36-46%
CEM o BB, EEOSA-FIZI D, Ar
throbacter o3\ BIEE-N 27 2 —=FMOPIFE I3, Strep-
tomyces DIREH) 7 v — = v 7/~ 7 & — pl]702 %
TEBZEDIh o TEI F 72, Arthrobacter O =
U A e <Ag v iR ET A Streptomyces 123\ T H
BTE22LbWbablcoT 5. 2D LT,
Arthrobacter 7/ & D GC & &0 Streptomyces D T &
BULTWAZLE, EBLOWMRCI VLN L
stz WEETOYEY — s & v A 2 BOBEENELE
W O LT R L BROBREELS.

VI. & » VY (T

AMVT A v EERES griseus LA BITUEE
THEEDA LT =4 v vidhbh LaEihic
HIMLTEETSE, FOREEIZELLMEIZNS.
DLk, BOHUEE ETOY BRI L
DT, ErREB L THAYELEERCE S
R ENRD EHTBL TS, ZDX5, HBEH
fricl b HOMUBRBOESBL, =)A< >
VRFARAMVT F vEEETRINICL S 7, B
5, fAEMEO—RIEASTH DV £V — 20l
WA TRBBATEL. BE, EEOMRER
i, EORBLHHEMTEA LT b1 2 VR

{LEESE & P BE AR, TR C 5 MR EAHE
DEALRA VT b= YV EAEROBCHECER
HEBERE LTSI AR L.

=7, EMBELEEEOR\VBRIL, 4R, BCWHHE
LEWC Enh, AEROBCHERELED, fiAEY
BAEEOHEEYRAS LTI, ITHENOTHLE
BTHH5. ThToWT, BE, <V ALy —
A BIFERT #4% T#H % Julian E. Davies {#4i3, 7 = —
= v 7" L #z aminoglycoside phosphotransferase EE=F
% plJ702 W ERE L THERCEAL, HFr<1 v
BIUFxd = > vobER07 , 72ER R
1o.4

EEL, SA Ly - A HRFAEHWITFERAO
Davies B OWRBI I \T, FFHAEMEOV &
DTHET VA=A 2T DT, TDOEFEE Strep-
tomyces verticillus > _HEEO O REF2 7 » —
=V 7B LI LY Ld, ZOEREFI
BELTHEAETH L RVKELE. ChDoERTFO
EERFIOBES, JKEHS, Julian E. Davies #i% &
OFEWIE L LTHBEI R, TTERT L. LD
B, MR E LT, B ARTHFETHD. 7
LA ~A v VBEFOVEDR L -T2 — VEN5DH X
VATBERT VAL Y ET 2 F LT HERTH
St AAEWEL, “hFTCRRXTCEx v 28
ARBEEREYE L3R H, DNA FRIEERITH
5. fFRRL R ZPEDAC I b T, BEM
HRFOOEONT e FALERTH-Toz &, [ &
LTl EVIRE DB,

FPRDIE LA LR, BERFETFHEM T ¥ REERPIT
SkbDTHY, TEE, IEEYE o CEERFLEAFHR
(BREALERE) CRIBRHPLETFET. T, BHRETF,
BV E LEZEERIED ¥ LLEBAFEHR H#iE, =M
HEBRBCOrSRLBELEFET. 4, REHEETHD T
Lie#il sttt BIEEXFEIT¥HYF), A BEBLLDL
OB IS ERILY I REOFEECERIBLET. oI,

BEISTFTEL TR 0 ITEBA¥EERLEEFHOA2 , 7
OEFEOBEOEN VR E LI L L D RIELEFET.
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