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Metabolites Produced by Actinomycetes
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In 1995, we discovered new antiherpetic antibiotics, called fattiviracins. The producing organism was classified as a
strain belonging to Streptomyces microflavus. The strain produced at least 13 fattiviracin derivatives (FV-1to FV-13).
Fattiviracins were obtained as a white amorphous powder, and their molecular weights are in the range of 1400 to 1500.
They are readily soluble in water, methanol, pyridine, and DMSO, but insoluble in other organic solvents. Fattiviracins
have macrocyclic diesters formed by the binding of two trihydroxy fatty acids and two D—glucose residues in the molec-
ule, and they can be divided into five families according to the length of the fatty acid moiety. Fattiviracins have potent
activity against enveloped DNA viruses such as the herpes family, HSV—-1, and VZV and enveloped RNA viruses such as
influenza A and B viruses, and three strains of HIV-1, with ECs, values on the order of a few micrograms per milliliter.
The biosynthetic pathway of fattiviracins is also becoming clearer. Using bacitracin-resistant strains, enhanced and as-
tringent production of fattiviracin was achieved. Fattiviracin FV-13, which has the longest fatty acid chains in the
molecule, was dramatically enhanced by a Css-isoprenyl phosphate metabolism. In addition, we have screened various
inhibitors of enzymes such as alkaline protease, glucosyltransferase, glucuronidase, phospholipase, deoxyribonuclease,
DNA methyltransferase, and DNA topoisomerase. All the inhibitors we discovered are briefly summarized in this paper.

Key words——antiviral antibiotics; fattiviracin; Streptomyces microflavus; Css-isoprenyl phosphate; bacitracin
resistance; enzyme inhibitor
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Fig. 1. Novel Antiherpetic Agents Found in Our Labs.
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Table 1. Structures of Fattiviracins

Carbon number of fatty acid

No. 2445 (RIFEFDFEWEZH E AN T NEDIC
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(EfEICiZ 6 d2) OT, W—773IU—NOWY
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ORI ) == 712 %7oT, £, b hALA
A 18 (HSV-1) IZHENES hEHFHNZ. &
E < AREHR FV-8 IZDWTHII A IV A AR b
N EFREER A Table 2 1277, B RAJLRZY
AI)NVATIE 1 BDE D, 38O Varicella-Zoster 7
AIWVA (VZV ; KGRI Z T 1 IV R) ITHEZ)T
HO, T4 XD HIV-1TiZ T #kssmreek, <2
07 v —JHmMERE, X512 T, M i fe mit
BOWTIZHLTH, HTFREOENHZHDD
MR S IBRR< B TH 2. T, 1
CINIIHIAINAD AR BRIZHRT,

RUF (BHIKEBER) IR E)THS
EMHEMNIE- .

NS DEEREMNS, FV-813 DNA 1 )L 2%
RNA U AV ZAICBEBRESEDTHD, #AXZED

Faiain MW (CH) TR NO—F %8 LIRWRY A1 )L 25
amily Long chain Short chain
f%@,@b%l/mm—7%ﬁ?éﬁ4wx_ﬁ
Fv-4 22 22 1388 (basis) e - .. - w0
FV_s i i 1388 (basis) MThro>EEBZON. 2O LIZDE O
a—_ " s 1416 (4 2) 1’5%%,«3’6&%0\31:\/ H;\fiijfc. \
FV-7 24 22 1416 (+2) BB, KMBIIEE ST I LGHERT I LR
FV-38 24 22 1416 (+2) PR, S SICEREBEICH U THEEEZ RIS
FV-9 24 24 1444 (+4) 7= (MIC>100 ug/ml).
FV-10 26 24 1472(+6) 14, 779 T4ETSOEREME 75
FV-11 2 2 M472(+6) T4 ET TN, HIV-1 RO & OB T
Fv-12 26 24 1472 (+6 -
(+6) 95 DN % MAGI assay T ~X7/z. MAGI (mul-
Fv-13 28 24 1500(+8) tinuclear activation of a galactosidase indicator) |
Table 2. Antiviral Activities and Cytotoxicities of Fattiviracin FV-8
. . Antiviral activity Cytotoxicity
Virus Strain Cell (ECso, ug/ml) (ICso, ug/ml)
HIV-1 11IB? MAGI/CCR59 4.3 280
HIV-1 JR-FL? MAGI/CCR5 3.5 280
HIV-1 89.69 MAGI/CCRS5 6.1 280
HSV-1 KOS Vero 2.7 >5000
\"VAY% Oka Vero 3.0 >5000
Influenza A HINI1 MDCK 1.9 —
Influenza B B/Lee/40 MDCK 3.3
Polio Sabin type 1 Vero >1000 >5000

a) T-tropic virus strain. b) M-tropic virus strain. ¢) Dual-tropic virus strain. d) a clone of MAGI cells that express the human chemokine
receptor CCRS. MAGI cell line is a HeLa cell clone expressing human CD4 and HIV LTR-f-galactosidase.
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Fig. 2. Effect of FV-8 on HIV-1 Infection

O : Addition of FV-8 just before HIV-1 infection, A : Addition of FV
—8 at 1 h after HIV-1 infection, [ : Addition of FV-8 at 3 h after HIV-1 in-
fection.
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Fig. 3. Schematic Diagram of HIV
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Table 3. Exchange of Sugar Moiety in Fattiviracin Molecule

Modified Sugar Growth EC%) PD%)
fattiviracin FV-8 detected pH (g/flask) (ug/ ml) (unit/ml)

Glucose-fattiviracin glucose 7.6 7.84 3.5 260
Galactose-fattiviracin glucose 7.2 6.46 4.0 250
Mannose-fattiviracin glucose 7.2 8.39 4.2 210
Fructose-fattiviracin glucose 7.2 6.45 4.5 220
Sorbose-fattiviracin NE? 8.8 6.45 NE 30
Arabinose-fattiviracin NE 4.8 7.40 NE 60
Xylose-fattiviracin glucose 7.0 11.23 3.5 200
Sucrose-fattiviracin NE 8.8 3.63 NE <40
Starch-fattiviracin NE 7.8 9.38 NE 70

a) Not examined. b) Antiherpetic activity of purified sample. ¢) Antiherpetic activity of culture filtrate.
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Growth (g/50 ml)

Fattiviracins concn. (pg/ml)

Cultivation time (h)

Fig. 4. Effects of Cerulenin on Fattiviracin Production
Cerulenin was added at 0, 24, 48, and 72 h at a final concentration of 20
ug/ml. FV-8 concn. (ug/ml) and mycelium weight were measured after 96 h
of cultivation. O : FV-8 concn. without cerulenin, @ : FV-8 concn. with
cerulenin, A : cell growth without cerulenin, A : cell growth with cerulenin.

9, AR (FAERK) © BCITHT % MIC 2 HlE

L, 10ug/ml &0 fEZEE/Z. MGA FEREGH I
fatz2%%KL, BXZ I0HEBICECZODZ—
X 0 ERED BC 251 MGA 2 RKE; I fE 2 ik
X, BREIZENZEN 40, 120 JZ X 350 ug/ml @
BC izt DBk 2 15 7=

%97, BC 40 ug/ml iZ[itfE D 40-BCR Z15#& L,
B AERR ST R ATEE RO RERIAE & 2 g U 72
ki % Fig. SI1ITR L7z, 6 HEE#EE, BHAKKD
40-BCR DO HIANILRZIEHITZNZ 4 134 1) 280
unit/ml &72 0, BC MHPERE D A3 2.1 55 Wig
Pz R U7z, £ 500 ml D EFEEIR A S 1k O AE &k
WEOWT Ty v T ET S VHEsrE%ED, HPLC
SrHTiC it U 7=, Figure 6 12779 K 912 40-BCR 1
FV-13 % B0z 8 L7, 12 —F T FV-10 © FV-
1235581, HA5EEONMNED SN,

1-7. N b2 HEDAN=ZX L INE
TORENS BCMEE 7 v v T BT D AER
DIED B WIEMEE D IR EAH# (VY E RS 7))
EHEL TS EEZS5NS. BCTiftEIces &,
Css- TV T VLIV U —Css- 1V T L Z)—1
CEEDOHENRRINDDONH LN,

—HTlE, AVTL /=t TLZ—
FRiz) T BFF—EiEEaEmInson s
L7z,

KRV TV ) —IFF—ERIEETY, &

400 1 15

1
oy

!
Lo
Residual glucose (%)

L
[ ]

Antiviral activity (unit/ml)
Mycelium weight (g/50 ml)

Cultivation time (day)

Fig. 5. Antiviral Activity and Cell Growth of Wild Strain and
BC-resistant Strain (40-BCR) of Strain No. 2445
Wild strain and 40-BCR were incubated at 28°C on a rotary shaker set
up at 180 rpm. Antiviral activity; O : wild strain, @ : 40-BCR. Mycelium
weight; A : wild strain, A : 40-BCR. Residual glucose; [J : wild strain,
M : 40-BCR.
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Fig. 6. HPLC Profiles of the Fattiviracin Components in the
Culture Filtrate from Wild Strain (A) and 40-BCR (B)
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Fig. 7. Biosynthesis of Cell Wall Peptidoglycan and Fattiviracin
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Table 4. Enzyme Inhibitors Produced by Streptomycetes
Inhibitor Origin Reference

Alkaline protease inhibitor

AP-1 Streptomyces pseudogriseolus 14—16

API-2a Streptomyces griseoincarnatus 17

API-2b Streptomyces griseoincarnatus 17

API-2c Streptomyces griseoincarnatus 18—22
Phospholipase inhibitor

S-PLI Streptomyces sp. No. A-6288 26

SHI Streptomyces sp. No. A-6288 27
Glucuronidase inhibitor

M-GCI Micromonospora sp. No. BR-1613 30
Glucosyltransferase inhibitor

M-GTFI Micromonospora narashinoensis 31—33

SOFEREIFENEN 2 TFRELE2EE (1)
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¥ 7z, HFREE No. BR-1381 B2\ pEA 9 5 LAV
IS IIAVITH L TRERBREHETHD, W
AEPHRO) N—FOREFEIENZ &Y=, LAV I
U N—Y DA T b 2 G 2 im < WL,
FERARIC K 2 U NN—CDHFEEMT S I EICKD
BEEEE 2SO TS LML 2

2-3. HEHBERZROEEE HYhoMmElk
Mz 59 % 7) 0=y —FYDHERE M-GCI?
KOHREICEE5T 27N aAIIN NI A T I5—1
DL EHE M-GTFIPI 3 % R OB ER N 5T
TNHREEL, W, MEMOIEREEZIS ML
7= (Table 4).

M-GCIZ S SR Y I JBEEEY 2 /JRaes
FR WS TARLE R T =& 8700 D FEE 1 H
4% B %= 58) T, MEMHEkRD -V ro=
Y=Y DHhZEHRHEL /=

M-GTFIL |3k BT 2BE 7 )22V T
AT I—COREREUTHEEL 2. HEEN
ICAZER 3 D T A T IV A2 OB E~ 705
A RT, YafizEBEE Ll Tol,3- 7))V R
BN D IEKEWLT IV G > & ERT 5 Strep-
tococcus mutans HK D7) I )N b5 AT =
T—tEWMHELEZ. £k, JAT7IZF—ED
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B-T 7 AR—VEAETDHZENS, FIUAIA
HEOPIHEANDICHBHIFFEI NS, £/, 22RO
A FF—Ee 7oy —-EOEEICTA IT
VI NN THD I &2 R L.

2-4. BEEELEBEROMEZRE  DNA FEEE,
DNA A FIVEEBHEKR IR RIY AT —F
(Topo) 3E%le DAH, B TFHHE, MlLDEK
DELICKRELBED-THD, ZTOMEHKIIBED
AFHERE DRI, BONERE, 70T L NIV T O UG F
WICERRY — IV ROYEE LS, 22T,
DNase II, M. Eco RI % 0f Topo I Z5iEE#E L L T
FHEHEOBRR 2TV, T80 S B U 7= BOR S,
FHEAXT MVORGLBEOHEEZEAT DT
EEAHL, ThoOHEEZEHERL T, Z0
B ZME L7z (Table 5).

4 ff(D DNase II [HE £ % FLH LU /=. 5838-DNI3
BT It/ <A1 CDOVIAREMER, DNI-239
Za7aR)V 71U, DNI-330 KX 5923-DNI?
WSRO TWE (4r & 60000 K UF 2500) T
Hol. HIHEHKITIDNase [ RKAFIS T AT
F—Y 1 KO U TR 2 B EE M & O E
BRXERL, EEEEREEOMIL ) TORMHA NG
Nz,

6 i M. Eco RI [HE#H z L /=. DMI-13®

8- AFINRYF BT, HREATFIVEE R
FEMDHFEEICE<SBE S L Tz, DMI-2¥ 3
FUEPIEYME CH DT 12— b~ A1 > > DEERMER
T, protein-polylysine # & K1Z & % kil nF D
FEEDOFRIIRINT 5 2 & THAR AR Z D
LR ERL, BETHEANOGHDHEIN
7z. 40 DMI-3% [ 3HOETEE & /R SR EE IR &,
DMI-4*0 13 ik ZE R OREM®REZEZD Y 7Y
t 51 K, 1513-DMIa® |37 )L X501 KK
1513-DNIb* |34 T & 8400 DI HMEMHE TH >
7z. IS OHEEFEFEOHEERA K CHEEFEEIZZN
FTNHEZ D, DNA O A F ) EIZ K SO EZL
FALIZRE T B9850 B T ORI IR S 1 7z

6 & Topo PR R L 7= 2280-DTI, 2890-DTI*
KO 7 O 25 F 35 78 3X106, 3.7X10* &
U 4.5%10° O PEE s 748, 2070-DTI® 137))
I—X&ZVTIRALEY, RRXE F A48
WBRTF R, IR A REOFBEEEZED 14 5
RO¥HMEWE, (VA -0y F 2981y
F—0 2 EEIKBENEG LG TH - .
IS OHERIIECRA SN TWAHER SRR,
DNA i &R DL E{LS DNA 1 > 5 —H L —
TarEEY, BREZEHEHEFL TDNAILGEE
BZIRWHL WY AT D RKRAY AT —HFHEHK

Table 5. Inhibitors of DNA-related Enzymes Produced by Streptomycetes

Inhibitor

Origin Reference

Deoxyribonuclease inhibitor

5838-DNI Streptomyces sp. No. A-5838 35
5923-DNI Streptomyces sp. No. A-5923 37
DNI-2 Streptomyces sp. No. A-5838 36
DNI-3 Streptomyces sp. No. A-5838 36
DNA methyltransferase inhibitor
DMI-1 Streptomyces sp. No. 560 38
DMI-2 Streptomyces sp. No. 560 39, 40
DMI-3 Streptomyces sp. No. 560 39
DMI-4 Streptomyces sp. No. 560 41
1513-DMlIa Streptomyces sp. No. 1513 42
1513-DMIb Streptomyces sp. No. 1513 42
DNA topoisomerase inhibitor
2070-DTI Streptomyces sp. No. 2070 45
2280-DTI Micromonospora sp. No. 2280 43
2890-DTI Streptomyces antibioticus 43
Macrostatin Streptomyces avermitilis 44
Topostatin Thermomonospora alba 46—48
Isoaurostatin Thermomonospora alba 49
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T, MRREICIERT S ZEE2HENITLE.
2, FRRYF IS, VA —O0X5F
>t A A O ¥E A 2 SRR I BRI L, Ml ErE D
BN &ms, 9HEETIEED Y — RMEEWITRD
BbHEEZLNS.
AVF—OREYF > OEWHE WL iFE K%
ZRERL, HEEEMHAEEHS ML T, FUBER)
Rommuwbamae L7z 50 £72, Reafufghhiig
Xhotvy T @geIrhiohsd -3-0- 1L —
7Y Topo I & I BZHET S Z &AL, #i
FEEANDIGHZ RS L 2. 502 £, duiEEE 7 o
2K 275 > P Topo 11 B 2 K BRI FHET S 2
EEBSML, FERETOZXY T T 2D ITk
DR R DIE R ZRIR U fz, 5359

BE O AEBIERICEZD, YHEEORAE
RERBh#U%, WM HEFISEB) FITH W 2720
fz. ZZRHRSHEZRLET
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