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Table 1. Antibiotic groups yielded by actinomycetes.

S SN

Yyl LEoH

Organism Antibiotic group*

AG | ML | AML | BLA | PEP | GP | ANC | TC | NUC | POL | QN
Streptomycetes
Streptomyces ® ] ) ® ) ° e ) ) ]
‘Rare’ actinomycetes
Actinomadura ® )
Actinoplanes ° ) ) ® °
Actinosynnema
Ampullariella ) )
Dactylosporangium ° ° )
Kibdelosporangium ®
Micromonospora ® e [ ] ® ® ® ®
Nocardia ) ) ) ® ) ® °
Nocardiopsis )
Pseudonocardia °
Saccharomonospora )
Saccharopolyspora ®
Streptosporangium °

Data mainly based on the 1976-86 issues of the Journal of Antibiotics.
‘AG, aminoglycoside; ML, macrolide; AML, ansamacrolide; BLA, B-lactam; PEP, peptide; GP, glycopeptide;
ANC, anthracycline; TC, tetracycline; NUC, nucleosides; POL, polyene; QN, quinone and @, production.

S. fradiaeo)| 9 tylosin®] A4k MBS 72
o2 s AsblAe] 4% EEFE Hrlslol e
ob-gl od¥-& wkz] ¢kor} ammonium sulfate®}
A kel 2ol zhzt 3 vbsl
o}, kR L]ols= caseinoli}
doki-ol Halel o
2 tylosing] 4§ 4be]

potassium phosphate &
Ade A 7t
peptoned} & A4 g
AsbE) =)0 2 uhE
sixlch. oAb ARV AgE Eeldel ) #3117
AE R EaAE o83 dFeiMe tryelr}
aglycon Aol o] &5 3702 FZH(acetate, pro-
pionate & butyrate) 3 A& ulsishi= Ho g ol
QJr}d

Chlortetracycline(CTC)¥] 41s]a AAFe S qu-
reofaciens7} ©]|&-==dl FH EBEAYORE guc
roses TrE HPwiaold fsteix vy, pHe <t
HueobeE o]gale] 60)3kE H-2]A ]i“‘% ]Eﬁ}
Z71 M= sucrose$t FEYotE CTC A sbel] o}

O

Akt el el ] wlgdsiAl ahgste] QB 4
ke 2e] k7] qlabede) arzbEl o) Feflut 4]
teich §-7] a4k anhydrotetracyclin oxyge-
nase ¢ ot CTC AJgHdel #aisloigls oy
2 E4E oddels Aew Mrhuchy
dulr e g sy ofokRES ¥wrloll ol
kel ApstE gl . FRUel 1l Aty
Agtgdagls AAs] | “'?*7] ik o ol

theds AskE AEEelth 01% *ﬂ 2 F’%’— °1#

>

T3l A &3 g vhehia] ket CTC gabe 7]
12sol
ol

1)4-

2) ‘Eviﬂi
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Table 2. Regulation of antibiotic biosynthesis.

Antibiotics

Producing microorganism

Regulatory factors

Mechanism of regulation

Antibiotics Derived from Amino Acids

Penicillin
Cephalosporin

Cephamycin
Thienamycin
Actinomycin
Cycloserine
‘Vancomycin
Bacitracin
Neoviridomycin
Echinomycin
Colistin
Gramicidin S

Penicillium chrysogenum

Cephalosporium acremonium

Streptomyces clavuligerus
S. cattleya

S. cattleya

S. antibioticus

S. garyphalus

S. orientalis
Bacillus licheniformis
S. griseoviridus

S. echinatus

B. polymyxa

B. brevis

Antibiotics Derived from Sugars

Streptomycin
Kanamycin
Sagamicin

Butirosin
Lincomycin

Streptomyces griseus

S. kanamyceticus

Micromonospora sagamiensis

Bacillus vittelinus
S. lincolnensis

Glucose Methionine
Glucose, NH,*, PO/
NH,*, PO
Glucose, NH,*, PO~
PO/‘.'H

Glucose

Po43'

PO43

Glucose

Glucose

PO

NH,*, PO#~

NH,', PO

PO# ",
A-factor
PO&~
Glucose
CO'Z+

PO43
NH,", PO

Antibiotics Derived from Shikimic Acid and Polyketide

Chloramphe-
nicol

Leucomycin

Spiramycin
Tylosin

Tetracycline

Candicidin
Nanaomycin

Avermectin
Daunomycin
Rifamycin
Cerulenin
Patulin
Aflatoxin
Others
Pyrromycin

Novobiocin

Streptomyces venezuelae

NH,*
Chloramphenicol

Streptoverticillium kitasatoensis NHy~

Streptomyces ambofaciens
S. fradiae

cAMP
S. aureofaciens

S. griseus
S. rosa subsp. notoensis

S. avermutilis
S. griseus
Nocardia mediterranei

Cephalosporium caerulens

Penicillium urticase
Aspergillus parasiticus

Streptomyces alboniger
S. niveus

n-Butyric acid

Glucose

n-Butyric acid, Glucose
NH,~

Glucose, PO,*

Stimulation of production

PO,*
Benzylthiocyanic acid
POS-

NH,*,

PO,*

Glucose, POs~, NH,"
L factor, I factor

B factor

NH,*

NOs

Glucose, cAMP

Glucose
Citric acid, NH,*

Tripeptide synthesis (R), Induction
Ring-expandase (R)

Cyclase (R, 1), ring-expandase (R, )
(NR)

(NR)

Aglycone synthetase (R)

Cyclase (I)

(NR)

Decline of pH

(NR)

pH Control

Formation of diaminobutyric acid (R)
(NR)

Phosphatase (I)

Induction

Phosphatase (1)

N-acetyl hydrase (R)
Stimulation of N-methylation
Phosphatase (R)

(NR)

(NR)

Feed back inhibition to arylsulfatase
Valine dehydrogenase

3-O-acylase (R)

Induction

3-O-Acylase (R) Induction

Metabolism of succinate and valine (R)
[nhibition of methyl malonic acid synthesis

Anhydro tetracycline oxygenase (R)
Induction

PABA synthetase (R)

Stimulation of production

Aglycon synthesis (R)

(NR)

Induction

Induction

(NR)

m-hydroxybenzyl alcohol dehydrogenase(R)
Stimulation of production

3-O-a-Methyltransferase (R)
(NR)

'Abbreviations: (R), repressiont; (I), inhibition; (NR), Not reported.
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Table 3. Influence of metal ions on antibiotic production.

Antibiotic Producing microorganism Metal ion Action

Putulin Penicillium urticae Mn?* Stimulation of production
Sagamicin Micromonospora sagamiensis Co?* Stimulation of N-methylation
A-Factor Streptomyces griseus Co?* Stimulation of production
Bialaphos S. hygroscopicus Co** Stimulation of P-methylation
Lincomycin S. lincolnensis Mgy (PO,), Reduction of NH;~ content
Candicidin S. griseus Zn**,Fe**, Mg®* Reduction of PO, content
Nourseothricin S. noursei Zn*" Stimulation of production
Gentamicin M. purpurea Ca?~ Stimulation of N-methylation
B-Lactam S. clavuligerus Fe** Reduction of inhibition by PO

Table 4. Enhancement of production of antibiotics by ammonium ion- and phosphate-trapping agents.

Amount added

Maximum antibiotic titers (ug m/ ')

Trapping agents (%) Antibiotics No addition Addition
(NH,*)
Magnesium phosphate 1.0 Leucomycin 700 3800
Sodium phosphotungstate 0.5 Spiramycin 150 450
Natural zeolite 1.0 Tylosin 59 149
Magnesium phosphate 1.0 Cephalosporin 400 1600
NH, -saturated zeolite 0.2 Nanaomycin 85 750
Natural zeolite (PO,*") 1.0 Cerulenin 40 280
Allophane 0.5 Tylosin 50 130
Allophane 05 Nanaomycin 110 505
Allophane 0.5 Candicidin 180 530
ofu| i Abelut g2 AlEe] Aubal Bl @ &R HEE AEE 1A elelsh EAAFY] shE A
(propanol)®] #H7FA] SAE A Aatdel F/4=lc vha A Eepaad A xed A BAlAQ we
£ AE # deAUOt T e obd Beea] 2 astedAn] shmujelst qlakiel o] mE )
obth. e} oleiak ZvHs AUbR SERe)l 7 AWM Wold A sEa AAe] sl 27t
Av 7 ATEAR A8EY el Qo 4 Hr) (E 4. )T BEIES Rirel o] o
zhgict, 5l AL} Qlakglel o] dA¥ wEeE ¥-Ea g
(2) M BWOo| WAED &% HBst= TH o o] We] Fx 5EAL uyoloh} £
Hel X7t AikdEol A E vehA w@a vlHE 4SS
Eugolgolt Qe RSk £YAE  FEel AP #TE o dAx Gadoe A
o] 83l Y2 wrEv|Ee] AT o] e ¥
WED WA 2~10M2) Z7hE ol wateich o)l
g ZAAF frUEo)R EAAZAE magne-

sium phosphateg} A zeolite %! mordenite2}
e Had zeolite7} glow <4k e A= E
A2 M= allophane3} magnesium carbonate”}
FE o] g5tk

olct.

Zeolite, kaoline, celite®} o}& Hol F7]E-Eo)
pellet 4L o827 s)sted v|WE Axe} 4
B.2kg-ate] Abas) odokite] 4R 5 FohAl7)a 23t
thAb AFEe] WIS ZAlshAE W AR Al
e molxir), sl B-cyclodextring 02~1% #
7}6}04 Hhd ol 2]§t lankacidin®] A 4AHE-S- <F 10
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vl 27 A7) g & HaE i §le, oluf cyclodext-
rine] ZAAE FAgE lankaciding +A 3} A)HA
lankacidine©] feed back *sj#| 2 =88} 23}
e e g 9rh?

(3) MZWH 7 E3

FAEY QFPALS F® 5o vehd AEAFEF
Az f= B4 oMz zAd=E Zleg A
zh=ch

(4) B2l s8N 82

1) pH

Wb FAbA S Pak ohiel waEw) A &
pHE FHEA L] Fasty 2$as 335k
Hed Heold. WAe pHE LhZAE A%
Aoz zAsh} Zefadodae] wae 7 pHe
CaCO;, phosphate salts, ammonia®} Na,CO,& 2
amjRlel Arlsted A 2L 2bEA|Eol
N FAEA Pabel AEAE e il Ak E
o] A5 A&l E viehle] F4 Fo® pHE %
A3l Pufelli= MOPS (N-morpholinopropane-
sulfonic acid)?} o2 34 olo]xmAks wix|e A
7heke] Alggich ghEAlE de] AMSEIAL Qe
CaCO;% cerulenin W& AelE A AHsgciy
ote# 9c?

2) 2%
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Table 5. Intracellular factors inducing antibiotic bios-
ynthesis.

Intracellular Producing Antibiotic
inducer microorganism  production induced
A Factor Streptomyces griseus Streptomycin
B Factor Nocardia Rifamycin
mediterraner
I Factor S. griseus Daunomycin
L Factor S. griseus Daunomycin
Inducing material S, wvirginiae Virginiamycin

Zgso] T gy EA e ko] otz
ptothricin®] A Ate] A|ZH=Elc}a W w sk

S. aureofaciensl| 2|3} tetracycline2] A 4F2- h2o-
Abazgfel] wl1zksht CO,oll= wIAFEHA] ko, Sa-
ccharopolyspora erythaeusel 2%t erythromycin 3
AR 8 COp o] Fod FuEE b P chry-
sogenumol| 2%} penicillin A HIHZ s =
art.

A el i zAslol A StreptomycesS] TAHS
2 pellet2 3 sl o] pellet 52 wfoFelel

=¢} pellet ol g5 Axe] AQeizel el

Q&+ stre-

odgk-e a2/ Fck Pellete] =77} R 7o) 3~10
mm<el 7%= pellet %9 Ak Ado] el
KLERE RS Y

tﬂ—z ?%

e Fasy, 7] 3mm
olsto]m pellet &2} Ataddddo] AgE
ot wlokde)] Ao oha Aok Wbl pel-
lete] FA A b vt e A HErt Fot
AbAAde] Aokg e

pE R o2 vkl B8 Hrlsle] HEE FFx
Al 9l om, Streptomyces ol = zeolite, ce-
lite, kaoline 52 A7}3led pellet 34d-& =5}
FAEA YidE FHAFIVE gk

4) /KI-E oL

Aminoglycoside A #AE-A <) istamycin Y AT
Z= (Streptomyces tenjimariensis)} 7+ ] Y5
& 5~7%2] NaCle] - nf=|ol A5
Q\— wpg2 we o}E slok n|PBSL oulzo
sl M 2k Ao sn o| FFEE Y54
3~5%2] NaClelv} o}F W& F=e| f7] ki
& ZAE )
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ol A3 wRZEAE 2Adstd A2 JAE
HAE TheAe Fohch MEE Mg 33t

= WAHRIAE ol Ay FE ATAldE
offel] gefste] 7lwstizl gk
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HEA)G ok AAF AL F2 AAY

4 AiE FAA e d3 ARse] glow w

AR FE iy, Aiy, 7] 202 1}

CaCOs9} 72 32 FAS) B3z 7) =
T A o] F& Qe v HEH 9\1213:1

38 A Rl Ao o)4-38lx] ok}
FEUFAT F7)A0 S Fguael 5

o gl é%; TR EFES 7] At

& FAAZIA 7wl ol 5-ghu

HW} B PiiA) o] v
Asicka o Jd o2 oddA 9= HdE Bz
1~2%9] 1¥% F71904498 T3 siAE o) &
WA 1 o)F myx

3}4] monocyclic B-lactam<l nocardi-

3l pyrrolnitring
QlAke] e o4
cin, 957144l FK 156, cationomycin, oxetano-
cine] zyz} kA gic}h (A 6).

(D Nocardicins'

Nocardicin® Nocardic uniforms subsp. tsuya-
maensis ATCC 21806 2Ja]4 AAt=ee, sy
42 B-lactam 7T W) FE o] Ralo] A
# 22| monocyclic B-lactame]®}.

Table 6. Bioactive substances discovered in fermentation media containing various salts added at high concent-

rations.

Addition (%)

Antibiotions discovered

Phosphate salt
(0.5-3.6)

Pyrrolnitrin, Herbicidin, FR-31564, FR-32863, FR-33289, FR-900130, FR-900148, Herbico-
lins, Malioxamycin, Carpetimycin, epz-Thienamycin, Candiplanecin, Cationomycin, 3-Deme-

thoxy-3—eth0xy-tetracenoniycin C, AT-265, 6643-X, FK-156, Demethoxyrapamycin, Mura-
ceins, Penitricin, SN-7, Mitomycin analogs, Oxetanocin, PB-5266A, B & C

Ammonium salt
(0.5-1.0)

Octapeptin D, Gilvocarcins, 4-¢pi-Cetocycline, AN-3, 8006-1, Safracins, Ancovenin, AN-7A,
7B & 7C, AN-1, 15B2, Phenacein, Monacolins A & J, Biphenomycins A & B, Dihydrofusa-

rubins, Pereniporins A & B, Herbimycin B, Karabemycin

Magnesium salt
(0.3-1.25)
Phosphate salt

(0.5-3.6)
plus
magnesum salt
(0.25-1.0)
Phosphate salt
(0.5-1.0)
plus
ammonium salt
(0.5-1.0)

A-60, Senacarcin A, Neocarzinostatin chromophore, Y-T0678 H, Chicamycin

Bicyclomycin, Nocardicin A, FR-900098, FR-900137, Echinosporin, Oxirapentyn

Valienamine, Fengycin, Amiclenomycin peptides

Sources: Journal of Antibiotics (Tokyo) (1975-1990); Agricultural and Biological Chemistry (1960-1988); Antimicro-

bial Agents and Chemotherapy (1970-1988).
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Table 7. New antibiotics found at Kitasato in screening using ammonium-depressed or phosphate-depressed

fermentations.

Addition (%) Nutritional limitation New antibiotics Producing microorganism

MgP'(0.5) NH,* Nanaomycin oA, aB, oE Streptomyces sp. OM-173
Thiotetromycin Streptomyces sp. OM-674
Diazaquinomycin Streptomyces sp. OM-704
Globopeptin Streptomyces sp. MA-23

MgC?(0.5) PO~ Triacsins Streptomyces sp. SK-1894
Ahpatinin Streptomyces sp. WK-142

Allophane® (0.5%) PO Jietacins Streptomyces sp. KP-197
Phthoxazolin Streptomyces sp. OM-5714

IMgP, Magnesium phosphate, Mg;(POs), 8H.O
*MgC, Magnesium carbonate, 4MgCOsMg(OH):5H,0

Allophane, Alumino silicate, ALO:SiOnH,O(n=2-6), a noncrystalline clay.

g = 7 94y wi| (glycerol 3%, cotton-
seed meal 2%, dried yeast cell 2%, potassium
phosphate 2.18%, sodium phosphate dibasic 1.43%,
magnesium chloride 0.5%)% ©]43le] 30C 4 4
7k wiekstolch

(%) Cationomycin'”

Polyetherd #AE 42 Actinomadura azureal
o)s) AArE Gram 44 Aldel FAskL & coc-
cidial #42 vhEblY Ca' 3 ¥ AsHEE o
ehdch.

g = olycerol 1.5%, oat meal 3%, dried yeast
cell 0.5%, potassium phosphate 0.5%, sodium pho-
sphate dibasic 0.5%, magnesium chloride 0.1%
W5 o) 8510] 28C ol 4 9elEer wiakiich

3 ohe 5e AFER R WA

Ammonium sulfate, ammonium phosphate,
NaClelv} magnesium sulfated Z-5=2 A4EA
g o] #Av)Eled 6o vielinis}l o]
delch AEA A0V 2%
o] AF¢] magnesium sulfate £ 3loll At A 4b=]}

| adf7h ofm At o)l WAEL RIS
2471 A5 ok gakA sk
4 qruigel &t lakele)
Tanaka®} Omura 7 4 E3 =05 s

Qrmugo] &3

_;IE‘_EYL s}xg h=J xl 0

[e3

of 2|51 WA

olibal g ik E£3AE ol
slo] qhmufg o] &3t qlabe] o] Xo] AAR WEE

Aubabeolc) ojy-E B gAarAde

magne-

sium phosphater} allophanes wizlol] H7lshw
Adsl Z7bE 7] el EAA 7L ENTuTt A4t
g FAEAe el A2 HYEUAAE BETHE

7} ahel] ARl EHE HHsle] 85 Fe] M2
3HE-E wRssd (7).

(1) Diazaquinomycin'

Streptomyces sp. OM-704 &7} A4kab Gram
FAAdel A3tal 5|
g}, o] FAE UL HoAdFelr wAR Hz ¥
o3 4Hantifolate) ] ot}

HbEE ghw] g0l EAAE skl A
(glucose 0.5%, corn steep liquor 1%, oatmeal 1%,
pharmamedia 1%, K.HPO, 0.5%, MgS0,-7H;0 0.5
%2} FeSO,-7H,0, MnCL-4H,0, ZnS04-7H:0,
CuS0;-5H:0, CoCly-2H,0 7+ 0.001%, pH 7.0)&
o] 4k ot

{2; Triacsins™

Streptomyces sp. SK-18940l & AAbs|w] =2dp
fALE Aslsle AajAl galel A AR SAEA
2 A7y FEAF acyl-coA synthetased Eo|
Ho = Asfsta, = A glycoconjugate 2]
# sl gk}

g = ol Akl E R A 2.4] basic magnesium car-
bonate% §-f-&F vl A] (glucose 1%, soluble strach

1%, corn steep liquor 0.3%, oatmeal 1%, pharma-

3L thymidilate synthaseg

acylation-§

media 1%, basic magnesium carbonate 0.5%)&
ol gake] 27C off 4 6041753l Wshedch
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Production Growth
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Fig. 1. Effect of Mg’* on the antibiotic production
and growth of S. platensis SF-1999.
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Table 8. Antibiotic production and mycelial type by wild and mutant of S. halsfedii SF-1993 strain.

Parent Non-fragmented Mutant Fragmented Mutant
No. 101 No. 105 No. 121 No. 175
GB medium
Potency 0 750 0 0
(ng/m/)
Mycelial fragmented filamentous fragmented
Morphology
1/2 GB medium
Potency 380 440 0 0
(ng/mf)
Mycelial filamentous filamentous fragmented
worphology
GB medium : glycerol 2.0%, polypepton 1.0%, meat extract 0.5%, CaCO; 0.3%
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