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1. opnlizat sHEH SMEE

dibd oz ofv| Al WAl FYEFAE
A g e 24 glucosed AHE-ohd A

AbgFo] ki starch B A1 &5td & A=
o2 2 v} (Majumdar ef al., 1967, Bhadra et
al,e., 1973). &) Ele] A AR

o] o] Al 5 &= A& catabolite repression® &

A9 = =],
(Davey et al.,

o] 7to] glucosesi]

neomycin o] &lel] & penicillin
1953), cephalosporin(Dark-
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en et al., 1959), actinomycin(Marshall et
al., 1968), mitomycin(De Moss et al.,
1967) 5 oA % 23 sH4grh

Levitov %2 neomycin A AFFS vk
wiof] BlsY o 24 glucose, starch® @o]
] eF5+% phosphorus, ribose, nucleic acid,
carbohydrate 52 T4 534 v 3 AEE
itk (Levitov et al., 1968, 1969, Makarova
et al., 1969).

Table 1¢

u}}zte] ribose

14 2438

Table 1. The contents of mycelium and neomycin productiss in starch and glucose media.

(Makarova ef al., 1969)

Starch medium

Glucose medium

24 72 120 hr) 24 72 120(hr)
PH 8.3 8.5 8.3 T4 7.7 8.1
Neomycin (#g/ml) 1740 310
Mycelium («g/ml) 699 1188 1034 272 433 402
Phosphorus* 0.52 0.76 0.71 1.99 1.61 1.00
Ribose* 0.43 0.33 0.32 3.47 2.38 1.76
Nucleic acid* 2.68 2.36 2.03 12.66 5.54 3.85
Carbohydrate* 56. 50 44.90 35.90 5.4 5.50 5.70

*: 9 of dry mycelium weight

-2k3)} neomycind Ab-g- wbe] @ & A 3l
= Aolrh, 8 v carbohydrate oF=} neo-
mycin A 43E v sE AFE BAT
oo},

%3 neomycin® T4 4 £9l ribose] oF
£ glucose mediumdl] A& FAld] o] =
gxle] ¢l o=, starch medium 4] 4 4= neo-
mycind] wo| Zise & gk =
# 1} ribosed Fr}x] mediad] Hr}sle I
¢1vlv] neomycinAg 4ol & 28] o A= ik
a2 e Ao E W oy oA
4e E - Age
R i 8 I—rﬂi“ AL A
1 4¥]=l= 2 catabolite repressiong-
¢Fil a2 vhERY starchrslt FaAld] &3
o] gloprl FxpaAlsE dA AR o] R
2 $E35+9 neomycing A A
ARk, 29d o] #3A-E ribosesl] £ dh

)

ol

—_

of AdEE Ao FEAh

2. Chlortetracycline (CTC)

Hostalek ef al. (1973)-& chlortetracycline
AEAE 9T A hed RE AT
£ odgleh ZAEF A4S F+ 4
8 FEeAMzk ul ok & 7] 4
7] 3= chlortetracycline?| #§Ake] x|} &
F4 o) vl = ¥- benzyl thiocyanated H -}
i) hbrtetmcyclme*ﬂ A2 Z713kv(Ta-
ble 2).

S. aureofaciens®] ©hi-a]E 2AFE}e] B
= chlortetracycline x4 ALz ol A = T
w2 A 2E glycolysisg B3k 4] 5
= tro] w ma woh =2l u chlortetracy-
cline®] 14§ AR ®7 o 4 &= benzyl thiocyana-
ter} &) 314 pentose cycled] whiko & ot

o] ¥ =E Foz A4

S 03':

wy =]

a5t 9o

o, M o{m Ao g
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Table 2. Influence of interrupted aeration and benzyl thiocyanate on the production of
chlortetracyline in different strains of S. awreofaciens

(Hostalek ef al., 1973)

Benzyl thiocyanate®

‘ Interrupted culture® Control
Strain pg/ml % of control pg/ml % of control pg/ml
Bg 137 15 2005 223 897
111158 605 34 2780 157 1775
8425 1710 51 4450 133 3328

a ; Sucrose-cornsteep-soybean meal medium

b ; The aeration was stopped every hour for 10 min between 6 and 12hr of cultivation

c; 12 1M

=3 & 55 Az2skd TCA cycle
o dasd] 4L AR A3 mAAF
3] TCA cycles] Beddle D E 49 FHL
wakrl, x| Aol benzyl thiocyanates
AAste] weksbd wokedstE B bt
TCA cycled] Zx 44 4L @okri(Hos-
talek et al., 1973).

o] Ak chlortetracycline® wr4u] 7} oA
= Aol 4 Agake]l 2= Ed] o] AL neo-
mycin®| catabolite repressionz} 293 2
stz 47t

3. Feed back inhibition

Bl EEe glel A A AR A
AL didbe 2 feed back inhibitionel £} s}
of Auig& F9 Aot o] e AbAt
U YA ol L YA o 3
AEAAG] dAH S ¢A Hr} dEE
= penicillin fermentation- lysined] £}
A== cephalosporin A4 .& L-methio-
nine, chloramphenicol4§ 4 ¢ phenylala-
nines}- tyrosinee| ¢} inhibitiong E<=
sleh

Lysinec] £3t penicillin 2§ 4ke]] o} 3+ =)
3 & lysines]] 98] aminoadipic acid <] A
Aol Mgl o2 penicillin®] &e] =4
HEe Aoz Azhslo}(Demain, 1957; Som-
1961) (Fig. 1).

Cephalosporin Co] 4 42 Fig. 244 »
o] SF& ukg} zko] L-methionined- wj ore &=
of el Fm E =), o] AL L-methionine

erson ef al.,

NH,

Homocitrate

}———L-a—Ai’ninoadipic acid

. l ———L-Cysteine

L;sirfe L—o.'—A}\A-L—Cystein

L-Val

L—a—Afl‘xA—L—Cys—L—'Val (Tripeptide)
:

L-a-AAA-6APA (Isopenicillin N)

C:H;-CH,-COOH

{
CsH:-CH,-CO-6APA
(Benzyl penicillin)

«—

P

Fig. 1. Possible mechanism of inhibition of
penicillin biosynthesis by lysine
(Demain, 1966).

Ammonia SO,
! |
il

!
L-Cystein—

Sugar

R | i
Pyruvic acid : Cephalosporin C
:+e-.L-Methionine

Fig. 2. Possible mechanism of activation of
cephalosporin C biosynthesis by L-methio-
nine (Demain 1966).

o] L-cysteine® & ¥&] L-methionineo = 2]
FgAA2E A5 =8 L-cysteine o &
e pyruvic acidz 7}= pathwayE =k
et 2 A L-cysteine& 7 -2 cephalosporin
Col Azrloz 4ol ol FelAE Ao
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2 A3 75 o} (Demain, 1966). ZAYEEA P fAYHdTFE o) FejAn
AT ISR o8 Ha Seh BobA & 29 eh chest e

o) el Wl FzA Y WA £ o8t g 1. SaHolol oish et
3 Felok o FEHFHNE A% & Penicillin 4 AL-F¢] ~ H%ﬂ Eadwle]
% whye] ZTEejokd Helnt AL AL o] 2 Ewoely & T ek
s Aol Al wWoz AN gle o 83 M4 who e Hejgleh B

v, 3 2ol A E R BB FAS wA wWole] $uwtAl 2% UV, X—A 7+2 physical
oz o3k FNEA AT GE H=e mutagen 9]¢ Table 30| 4 ne] F3= ufs)
AR A el FojA ok iy g TF 2R A 7ro] chemical mutagengo] glcl. a9

Table 3. Some mutagenic treatments that have produced strains with superior productivity
(Thoma, 1971)

Species of microorganism (product) Mutagenic agent
Pernicillium chrysogenum (penicillin) UV (Ultraviolet irradiation)
” DEB(Diepoxybutane)
” UV-+DEB
” UV+EMS(Ethyl methanesulfonate)
’r ACR(Acriflavine)
” EMS
Streptomyces griseus(stereptomycin) uv
S. nodosus(amphotericin) Uv
S. noursei(nystatin) uv
S. wmbrinus(diumycin) NTG(N-methyl-N’-nitro-N-nitroso-guanidine)
S. prasinus(prasinomycin) uv
S. #  (prasinomycin) NTG+UV

S. roseochromogenes(steroid-1, 6-a-hydroxylase) UV
Arthrobacter simplex(steroid-1-dehydrogenase) UV

A FAaks Hete] AgEE EdW Hol=z medium®| pHE WA AFES}
Wel = e FAL ARGEBAY sl Holw ¥ee Peshe ool
WA glrh.  A. Kelner(1949)& <=9 Hrkx] B3k whie] gleh
Streptomyces 2] =l X—A = UVE
ZAF5te] mutant & ¢d¢irl. o] mutant 7F
AAse FEEAY FT spectrum & nYE Ha‘;zoﬂ s
A A5 Lo 259 ASE kg A7 =

spectrum-g- V-epll o] A3 EA L A ALE) Yo dog
2 Q‘-__}?ﬂ = ¢l v} (Kelner, 1949). o=

N

U2 T (Auxotroph)oi| 2|5t Wy

I

Al kA © 2 auxotroph
| 43 Rer ¢ezio
3l oA g o geoq o
171 5 et do] S5 Aol

Toldelel o3t fure AEE 20%UA Dulaney et «f. (1967)-& CT(chlortetracy-
+ 071']_ o AHg-3ste] gtovt 3 TollE 5% cline) #5& UVzAlslie] st 84 4414
AEES AL 23l o B& colonyF o] oFgl auxotrophsE Qi gltl. o] Aol thA|

mutant & 3hEhd E2Ehe] Bql ke UVE #A4}8}e] adenine, homoserine, leu-
+ Ao ay AAez F3 odL cine, ornithine®] ¥ o]% 7 3= (prototrophs)
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£ 44 £ ©] prototrophs%F =] strain
Hrb st FASHA w8 Aol WA gl

Auxotroph?] recombinationel] =&} of
¥ erythromycine] A of Fxjojgror} AL
kAl &8t TC b kasugamycin 4§ A7 QL
isoleucines} valine & 7
F(ilv) ) serine auxotroph(ser)E =ulEo]
o] & t}4] hybrid prototrophz kS ¢l w],
o] & VS 176 kasugamycin 4 AL5-0] =)
o THuch Ads] 22 d7bE JEhagl
v} (Ichikawa et al., 1971) (Table 4).

S. kasugaensis®]

Table 4. Kasugamycin productivity of the
second generation of 7/v X ser hybrid
prototrophs (Ichikawa et al., 1971).

Strain No. of colonies Average yield
tested (ug/ml)
0 original
64558 80 7320
1 VS176 100 9280
2 VS171 60 7140
3 VS169 60 5850
3. Back mutation
Dulaney et al. (1867)-& tetracycline(TC)

Al S, viridifaciensdl] UVE A} sled

¥] A AL mutantE =kE I3 o] o] vRA] UV
FArste] A ARA revertantE  EE kg
d, o] &L 32 UVzAxe strainm o}
Wk Aol Esrom ofwe] HAFF
|4 AEFEF2] T8 & colonyd o2 417
lelch ol 4] Ashe W 4AE
A= F 4 Aol & ske] back
mutatione] ¢ ¢]1} gene expressione. z A

=

AL
P

e o o d o

A
Ak
2
-
XO

n}{u:

Aol Eobal Aem gl
4. S EZ0| 2SH= plasmid
grtdeow sz FAEA A4 L%%
A Zi EPBJ_EP o] A act
nophage2 ¥ 7|l &+% glo VP -1944
Aqd tae plasmld«l dal A o

Aol ohd7bshe AdA A2} 2183\4(01%%

nishi ef al., 1970). & kasugamycin, oreo-

{(Vol. 14, No.4

mycin, chloramphenicol(CAP) ABAL7& =
«A S N AAFR 7% A
tt. o232 kasugamycin 44k she}l LAl
melanin pigment3 4 x 7} 43L& A gkg B
T olgvh. z2#2d melanin plgmentvﬂ/’jf
plasmidel] ¢s] x]¥]j = =2 A= plasmide]
74+ kasugamyciny *&94 &S 2t
ZF7F "eh. 2% CAPY4talxte DNA
2r; plasmidel] FFEgHE €Al =g 3
= Akagawa et al. (1975)& S. venezuelae
E ez sk CAP xg A& plasmid ¢ &=
Mz ol Rl L &A FHgoH, 874
Ap-5hed CAP A 4 s melanoid
pigment B A 3 =3 ¥ mappingil] A L3}
v CAP ] JA4FFE o]z linkage
mapE Zx 9 A gkrh. 2r1A
AzA CAPY AL plasmids} =4 st o]
plasmid¥E conjugationd)] &) &}e] A3 =)
= ek

Plasmid-} 4 £4 44 2-g-sl& me-
chanismo] & 7= vl o] & o] &3}
o at Ee AED A4 E L 4

& Aoz s

marker&

494 2

5. BMUEA cHBt LHMDL B2EMEA

FAEL TR 2F4le] AArE S E
Aol Aok WAL 2 HEd 2 WYL

2354 71l vz} 4be]sted log phase$r] el
71 =L WA & zher(Malik ef af.,1972).

Streptomycin(SM) A AbF& SML ol 4k
gleted ERA S 24 F
27F glo= (Nomi ef al., 1966) opw] w ot
AgAFELY JATAE 9T 2T
47 EMTE <A =g v} (Benveniste et
al., 1973) (Table 5).

SMEAFE A58 3t vz A2g A
s SMAgAbs: E24 549 44 &
43 ¥HE Agd BeFgod WA
R a4 R P2 gk
(Nimi ef al., 1971) (Table 6). =% J A 3
¥ oFo§ 59| phosphatase?] A% o3
E3 9 ¢k, =8 Y neomycing ALF9l S.

EEDEES
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Table 5. Antibiotic-modifying enzymes present in various aminoglycoside-producing bacteria
(Nomi ef al., 1969, Benveniste et al., 1973)

Strains

Antibiotics produced

Modifying enzymes

Streptomyces griscus MA-8

S. bikiniensis NRRL
. spectabilis

. flavopersicus

U

. fradiae
. albogriseolus

. 7imosus

n W

. ribosidificus
Bacillus circulans

S. kanamyceticus

Micromonospora purpurea

S. tencbrarius

Streptomycin (SM)
SM
Spectinomycin
Spectinomycin
Neomycin
Neomycin
Paromomycin
Ribostamycin
Batircsine
Kanamycin
Gentamycin

Nebramycin

SPT

SPT

KGAT

SPT

NPT

NPT

NPT, KGAT
NPT, KGAT
NPT
KGAT
KGAT
KNAT

SPT: streptomycin phosphotransferase
KGAT: kanamycin-gentamycin acetyltransferase
NPT: neomycin phosphotransferase
KNAT: kanamycin-neomycin acetyltransferase

Table 6. Comparison in streptomycin-phosphorylating activity of four cultures with different
productivity of streptomycin (Nimi et al., 1971)

Streptomycin productivity
(ug/ml)

Strain

(ug/ml)

Streptomycin tolerance

Inactivated ratio

(%)

HUT 6037(parent)
4A-125

A-12

N-1

252
25

trace
0

500
100
200

50

79
22

* Inactivated ratio was expressed as a percentage ratio of phosphorylated
substrate streptomycin after one hour reaction.

solution in the reaction mixture.

streptomycin to

Cell-free extract was used as enzyme

Table 7. Alkaline phosphatase activity of S. fradiae and neomycin production

(Majumdar ef al., 1971)

Average wt.

. Alkaline phosphatase activity : :
Medium hapyest of mycelium N Yo
(mg wt./cul- Specific R - n ure N
(days) ture flask) activity Total activity (umol/culture flask)
NaNO;-maltose 3 60.0 0.115 6.90 2.50
-zalts 5 59.3 0.301 17.85 9.99
7 39.9 0. 386 15. 40 14.78
Glycine-maltose 3 32.1 0.023 0.72 0.08
-salts 5 147.8 0.039 5.2 2. 45
7 110.0 0. 050 5.58 3.92
Glutamic acid- 3 78.8 0.020 1.60 0.73
glucose-salts 7 148.0 0.014 2.02 —
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Jradiaed maltoses} glycined @ o] & uj
=)ol A wf oF 5l neomycin 4§ AF-& 243k
neomycin pyrophosphates} <2 %2 ¢
= ¢l vt (Majumdar ef al., 1969, 1970). =3k
o] £34 3131 neomycin< alkaline phospha-
ataser} £3]8le] A9l neomycing A
A& WA sg ek Neomycin 2] 4 Abwj =]
o] A& alkaline phosphatases] ®4je]
I 3244 Al 2)el & alkaline phosphatase
o Aol ¢ Aoz o} neomycin YA
7} alkaline phosphatase 34 5+ ¥ 8 3L
&oteh(Majumdar et al., 1971) (Table 7.

o] 4+e] streptomycins} neomycing] o =
Fyshel wel obel il ATAELY 4
ARE 2 FAEA S ERAsEls 349
%45} alkaline phosphatase &40l w] %] 5
< BA dow =g Fo] R YAL
EEATAY] BYozHy St Ao
2 43390 w34 99 An: Aze
FARIL ANk Fk Ho] Meh =
O EZA3 549 F4o] =& log phase
Fo18 T AT A @ w43 3y
AL A 3sE 549 ¥4 o) log phase
Folel A HEE Xzl U F A
B2 dhefok & Holrh

6. Hybrimycin

Shier ef al. (1969)-& neomycin 3 ALl
S. fradiaeo nitrosoguanidineg =& gF3
neomycin T4 4 ¥l deoxystreptamine-g-
AH7bskx) g9ke Y] colonyZe] neomycing
2o aigieh ol
mutant & A4 £ & 4 Abahed £, ol A
< ob| o] o] = T2 8 neomycin
429l deoxystreptamine w4l 7.8 -§-A-E

A AE8kA ¢ mutant &

Al streptamine == epistreptamine ¢ =
Hel gl-go] Falggich old AagEa
& hybrimycinol2} ghrf. o]zt & wlyg o
kanamycing o] -8-3le] A4 E12 wE
o} ¢4 =+(Kojima et al., 1973). ] & hybri-
mycin = & Y EL Ntk sl

(Vol. 14, No.4

Ot obu]ie i ka] g4 B o] ok macroli-
dedt P B4l & 7= & upr} =)

7. 4B DbEol Holof oFhY

FAEAE THE Bar) 4402 3
ot QYA = o) Ead YHE

ZAelrh ol 3}¥Eo] #FH ¢ iy
H2E FEAC] | s5de]l & Aolwh
ol &l 7}7 }o] Vanek ef al. (1971)-¢ tetra-
cycline 4449} Akal ToFEE W
AAA FZHAF AFE =24 demethyl tetra-
cyclines} demethyl chlortetracycline Fo]
HEYF SHEE wANYY &S
aureofaciens®] tetracycline<] 4§ g4 <
€744 2HF Ao] Fig. 3oleh. AL 4
(72 compounds) & ]| ezl F7he 4k
A WAE FgELelx A4 (45 hy-
pothetical compounds)-& o} 2 wha =) =) ok

__________________

1
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t
i
'
|
t
i
!
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1
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¢
)
1
i
(
i
1
i
'

Fig. 3. Total scheme of the biosynthesis of
tetracycline compounds(Vanek ef al 1971).
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Sto vt AAERE gAY B 29 F
ZreHAF AbEo) vt

old wh & g9 o2 o] gt A3y
4L wkE7] Hitd e, $4 FAE 4
TAAEE A= Fx A9 € Aoy = v}
Foll o] LwiAl 8 enzymeo] AFE spget
o A2 FYEAL el o] Relx et
ul ot

8. RHAL HghH

Ad o ¥ mA sk F7F 5 DNA
AE4e] 50% o] Al Fl & AA =R
Aol 5ateh o] WdlE @ conjuga-
tion, mating, mappingel] 2%+ recombina-
tion & phaged] 93 transductione] v} DN
Adll 2]&F transformatione] ¢lt}. conjuga-
tionol] &%} recombination?] o= S. qureo-
Sacienss} S. rimosus, 18|31 Nocardia
erythropolis®} N. canicruriaz}®] recom-
binationo] dejdo] B3 = ¢ri(Adams
et al., 1963). 28y o|ztE AY L F71g
DNA4E4 &350 1) AFELS ofe Ak
WEEE AN Foll AR oS ®
A Zol vt o] uhy & conjugation® =
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Aol S8 Aol gk AHe) wiao] ).
Phageel] 2|3} transduction® phages} 3+
o] glem host specificity & z+qbgleinl
AE57] oJFr}l. o] %4 DNAd e+
transformation& A1 5h41 -8 ¢ Mukel] Jf
F /5% wyezs A7ses DNAE
ukolE¢] recombinationsle o] o
t}. Transformationsi] #3 BoL < 3
ol v = 2% Hopwood ef al. (1972)0)
Thermoactinomyces vulgarisE& A B2 3}
?{,t A=l AHolvl. 3] Okanishi et
(1966, 1968) & kanamycin 4 A4l S.
karamyceticusiﬂ A3 AL By z=A4 5
o 43 A =}L gkA -5 phage DNAE 7+
dA7 0 AFshgd ot deHY YA
EHEAE E9. 2% Okanishi ef al.
(1979 & AT 943 A-& MgCl, CaCl,,
K.HPO, 5& &3 g o] e shed
AE AL o mhe F ovhA) Eelo 9
A2 40% E73hev 4 Z3hg e (Table 8).
°] F7tA AxE WAFIAE DNA &
g transformatione| s}5Elel: AL 1A
Hog Aabsty Aol
ol4E FY zAddun ol LA

Table 8. Effect of various chemicals on regeneration of the normal filamentous state from

protoplasts (Okanishi et al., 1974)

Chemicals added to basal medium*

Regeneration (%)

" MgCl, CaCl, PPB*™  KCl  Casamino Streplomyces Streptomyces
(mM)  (mM) (mM)  (mM)  acids (%) 3 days 8 days s d;’ye;“z"?’ﬂ;ays
3 3 0.22 — 0.01 0.4 0.4 2 2
3 60 0.22 - 0.01 8 37 27 32
60 3 0.22 - 0.01 25 31 3 3
20 50 0.22 — 0.01 19 41 4 47
50 20 0.22 - 0.01 28 37 50 51
50 20 0.44 - 0.01 38 48 m 47
50 20 0.88 — 0.01 33 43 38 39
50 20 1.54 — 0.01 0.4 10 7 12
50 20 0.22 2 0.01 28 36 , 50 53
50 20 0.2 — — 0.4 31 2 37

* Basal medium; sucrose, 120g; K,SO,, 0.25g; trace element solution, 2ml; glucose 10g; L-as-
paragine, 2g; 0.25M TES buffer (#H 7.2), 100ml; agar, 22g; and D.W. to 1000ml.
** PPB; potassium phosphate buffer PH D
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