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Numerical Identification of an Actinomycetes Strain Producing
an Antitumor Antibiotic with Inhibitory Activity
against DNA Topoisomerase 1
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Abstract — DNA topoisomerase 1 have been shown to be important therapeutic target in cancer
chemotherapy. Chemotaxonomy and numerical identification were carried out for an isolate strain
N0.7489 producing an antibiotic that inhibits DNA topoisomerase [ activity. The genus of strain
No.7489 was determined as Streptomyces sp. from culture, morphological and chemotaxonomic data.
Thirty-nine taxonomic unit characters were tested and the data were analyzed numerically using
the TAXON program. The isolate was best matched to Streptomyces melanosporofaciens in the major
cluster 32 of Streptomyces. Therefore, it was concluded that the isolate was identified to be a

member of Streptomyces melanosporofaciens.
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Table 1. Taxonomic unit characters used to the identification of an isolate from the probability matrix of the

Streptomyces major clusters.*

1. Morphology and pigmentation
Spore surface
Spore chain morphology
Color of spore mass
Mycelial pigment
Diffusible pigment
Melanin production on

2. Antimicrobial activity
Bacillus subtilis (SUB)
3. Biochemical tests
H:S production (H.S)
Nitrate reduction (NO,)
4. Degradative tests
Xanthine (XAN)
Arbutin (ARB)
5. Antibiotic resistance
Neomycin (NEO)
6. Growth tests
45C (450)
Sodwum azide (01Z)

smooth (SMQ), rugose (RUG)
rectiflexible (RFS), spiral (SP)

red (RED), gray (GRY), green (GRN)
red/orange (ROP), vellow/brown (YBP)
production (PIG),

PYI medium (MPI),

Tyrosine medium (MTY)

Aspergillus miger {NIG)

Pectin hydrolysis (PEC)

Allantoin (ALL)

Rifampicin (RIF)

7% NaCl (VNA)
phenol (PHN)

7. Compounds as sole source of nitrogen (1%, w/v)

L-hydroxyproline (HYD)
DL-a-amino-n-butyric acid (BUT)

L-histidine (HIS)

8. Organic compounds as sole source of carbon (1%, w/v)

Cellobiose (CEL)
D-Mannitol (MAN)
Raffinose (RAF)
Adonitol (ADO)
D-Xvlose (XYL)

meso-Inositol (INO)
L-Rhamnose (RHA)
D-Fructose (FRU)
Inulin (INU)

*Characters parenthesis is the code name for computer.
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dithiothreitol(DTT), 0.5 mM EDTA, bovine serum
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Table 2. Cultural characteristics of the isolated strain No.7489

s Al

Medium Growth Aerical mycelium Subst@te D 1_ffus1bie

mycelium pigment

Yeast extract-malt extract (ISP No.2) Good Abundant; Gray Yellow Yellow
Oatmeal agar (ISP No.3) Good Abundant: White Yellow None
Inorganic salts-starch agar (ISP No.4) Poor Abundant; Gray White None
Glycerol-asparagine agar (ISP No.5) Good Abundant; White Yellow None
Peptone-yeast extract-iron agar (ISP No.6) Good Poor; White White None
Tyrosimme agar (ISP No.7) Good Abundant; White Yellow None
Arginine-glycerin agar Poor Poor; White White None
Starch agar Good Abundant; Gray Yellow None
Emersion agar Good Abundant: White Yellow Yellow
Peptone-beef extract agar Moderate Moderate Poor; White White None
Dulaney's medium agar Good Abundant; White Sepia None
Glucose-asparagine agar Good Abundant; White Yellow None
(slucose-peptone agar Good Abundant; White Yellow None
Czapek's sucrose agar Moderate Moderate Abundant; White White None
Bennett medium (modified) Good Abundant; Gray Yellow None

The strain was cultured in various kinds of media at 28C f{for 14 days.
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Fig. 1. Scanning electron micrograph of spore chains
(X 15,000) of the isolated strain No. 7489 cultured for
2 weeks on inorganic salts-starch agar (ISP No. 4)
at 30°C.

Fig. 2. Cellulose thin layer chromatogram of cell wall
diaminopimelic acid (DAP) isomers and amino acids
of the isolated strain No. 7489. Identification of the
DAP isomers is achieved single-dimensional TLC in
a solvent system containing methanol-water-6N HCI-
pyridine (80:20:4:10, v/v),

1. Cell wall hydrolysate, 2. DAP isomers (a; LL-DAP,
b: meso-DAP), 3. Giycine, 4. Glutamic acid, 5. Ala-
nine
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Fig. 3. Gas chromatogram of cellular fatty acids of
the isolated strain No. 7489 Column; 25X 0.2 mm me-
thyl phenyl silicone fused silica capillary column (He-
wlett-Packard Co.), detector; flame ionization detect-
or, injector temperature; 250°C, detector temperature;

250°C, column temperature; 180°C, carrier gas; N,
(30 mi//min.)

A 3= quinone type&] #-4el A+ Fig 42} %ol iso-
prenoid chaine] 97H2 <17 % menaquinone MK-9
(Hs, Hs, Hy, H2)E4(26, 27) el = 3 2] Strepto-
myces SO.2 FFE 4+ ok o]43)} Z2 wfef
EA, gl 5A7 &5ty A 27 No.7489-& St-
reptomyces 0. % H-Fa 5 9t}

TAXON programZ O0|E3l 2|SHE(Numerical
identification)
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Fig. 4. High performance liquid chromatogram of me-
naquinones (MK) prepared from the isolated strain No.
7489.

Column; 150x4.6 mm RP-C" (YHC-Pack ODS-AM),
mobile phase; methanol:isopropanol (2:1), detector; UV
270 nm, flow rate; 1 m{/min.
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XON program2 |88l Te]5AssicTable 1).

TAXON programE ©}83ld /oS A3 &
Asl7] A8l A= Willcox probability?} & 311(>0.85),
Taxon distance”} 95% Taxon radiusWel] &m %
S5 el % probability of strain further away
arol 2% o)At o)l & 4 UTH9, 10).

TAXON program= ©|-8-8toy Streptomyces 7%
(major cluster)s WAte.2 F-2]5 Strepfomyces sp.
74895 el EA3F A3} Table 39} o] FF3 32
(Centrotype member : Streptomyces violaceoniger)ol
o sf 0.9999992] Willcox probability & +}eligl o
ol F3% 19(Centrotype member ; Streptomyces
diastaticus)B.c} 8 Z9te ], 18]l Taxon dista-
ncex wow 95% Taxon radiusX .} o™, % pro-
bability of strain further away @& Sgfoen= X
e]TFF Streptomyces sp. 74892 % 320] 33k
dez vhebgel,

¥oweae] dEA 542 6o A5E F
AAx #xbel 93 322] Hypothetical Medium Or-
ganism(HMO), Centrotype®! Streptomyces hygrosco-
picus N736, & Felvt2f 7P 233 dF5(best
match strain) Streptomyces melanosporofaciens 2} ou-
ter-most strain®l Streptomyces hygroscopicus ISP
55782] TAXON xi$]5Aa) Willcox probability s
vl 84 gt A= Table 42} Zc}h B R-e]ld 5 Stre-
ptomyces sp. 7489 F~7 % 320l 4] Taxon distance
(0.3128)7} 95% Taxon radius(0.3481)X.c} 23l ou-

ter-most member strain?l Streptomyces hygroscopi-

Table 3. Identification of the isolate Streptomyces sp. 7489 to the major clusters of Strepromyces by using TAXON

program
Taxon major cluster Tax 95% Taxon % Prob of strain Willcox

(Centrotype member) distance radius futher away probability

32 (Streptomyces violaceoniger) (0.3128 (0.3481 27.7990 (0.999999

19 (Streptomyces drastaticus) (0.4817 0.4262 0.1337 0.000000

21 (Streptomyces griseoruber) 0.4847 0.3125 (.0000 (0.000000

Table 4. ldentification of the isolate Streptomyces sp. 7489 to the major clusters of Streptomyces by using TAXON

program
o Tax 95% Taxon % Prob of strain Willcox

Member of cluster 32 distance radius futher away probability
HMO (Hypothetical median organism) 0.2170 0.3481 98.8704 (.999999
Centrotype (S. hygroscopicus N736) 0.2696 0.3481 75,8898 0.999999
Best match strain (S. melanosporofaciens) 0.2851 0.3481 59.5409 0.999999
Outer-most member (S, hvgroscopicus 1SP5578) 0.3136 (0.3481 26,9837 0.999999
Isolate (Streptomyces sp. 7489) 0.3128 0.3481 27.7990 (0.999999
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Table 5. Comparison of taxonomic unit characters between member organisms in cluster 32 of Streptomyces and
the Willcox probability calculated by TAXON program

Taxonomic % value HMO 1n Centrotype Best Outer-
unit in cluster cluster in cluster match Isolate most
characters 32 32 32 strain member
RFS 1 — — — — —
RAS 1 — — — — —
SPI 99 + + + + +
BIV 1 — — - -
SMO 1 — - -~ = -
RUG 99 + + + + +
RED 1 — — — — —
GRY 99 + + -+ +- +
GRN 1 — — — — —
ROP 1 — — — ~— -
YBP 1 — = — - —
MPI 1 - — — — —
FRG 1 — — — - —
BUT 99 + +- -+ -+ +
HIS 99 + + f + 4+
HYD 83 + +- - + +
PEC 50 + — — — +
NO3 83 + = + + +
H25 99 + + + + +
SUB 67 + + + + +
NIG 33 — — + + —
XAN 1 — — — — —
ALL 50 + —~ - + +
ARB 99 + + + + +
NEO 1 — — — — —
RIF 83 + + + + +
45C 50 + — - — +
TNA 1 - - - - -
017 50 + — — — +
PHN 1 — — — — —
XYL 67 + + + + -
INO 67 + + + — —
MAN 99 + + + + -
FRU 83 -+ + + + -+
RHA 83 + + + o+ -
RAF 83 + + + - -
INU 33 — - — - —
ADO 67 + — — — ~
CEL 99 + B + + +
MATCHED 32 34 35 39 30
MISMATCHED 7 5 4 0 9
Ssum VALUE (%) 82 87 90 100 77
STRAIN Hyp?thetical Streptamjfces Strepff;myegs’ No. 7489 Streptom,}fces
median Org. hygroscopicus  melanosporofaciens hygroscopicus

Willcox probability 0.999999 0.999999 0.999999 (0.95999% 0.999999
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Fig. 5. Inhibitory activity against DNA topoisomerase
I. The reaction mixture contained 40 mM Tris-HCI
buffer (pH 8.0), 100 mM KCl, 10 mM MgCL, 0.5
mM DTT, 0.5 mM EDTA, 50 ug/m/ of BSA, 0.2 pg
of pBR322 DNA, 2 ul of sample solution and 1 unit
of topo I in a total volume of 20 /. The mixture was
incubated at 37°C for 1 hour.

Lane 1: pBR322 DNA, Lane 2: pBR322 DNA + topo.
I, Lane 3: pBR322 DNA +topo. [+ camptothecine {200
ng), Lane 4: pBR322 DNA +topo. [+ Sample (100 ng)
that purified from the 1solated strain No. 7489, Lane
5: pBR322 DNA +sample (100 ng)

cus ISP 55782 Taxon distance(0.3136)X .t} <k7}
abz]ut A2} F4lell sdvhkss #HE(% probability of
strain further away)e! centrotype(75.8898)<}+} best
match strain(59.5409)H v} wFe. 2779902 -z &
VhER = Ao ’?‘GP -2t A 329 4
ol 4] = thi wo]z] Tl el g) 2] Ehis Ao

C}_I:LL*.

w-2]5> Streptomyces sp. 74892} best match strain
S Fel 9

ol S. melanosporofacienst 1 3% 4
Q.8 39702 w9l A G Eabe e, WAy, ®ES
i ‘%l A o] 84 F 35702] wheld deljr) Flsgh
A vehy ‘?df’ﬁ L SSM(Simple matching coef-
L g3l A, % v} positiveo] 7Ju}
negative?] datas 7zt %’*‘”5} che lfﬂ Awe] e

th &k »iare T2l DR

-

fic1ent CARVAS Bos

3 Qo] ﬁiﬂHFlg 5).
oAkl relsA A Tvihi" Streptomyces sp. 7489
& kA 322 Streptomyces melanosporofaciens & 5
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DNA Topoisomerase | Inhibitor AlAdnta=9| &
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DNA topoisomerase 1= supercoiled DNA2] 7}
= & gh7letel]l nick-g ©F7]AJA relaxed formeo.=
AR 7)== #AAeo]m(lane 2), Fig 56l ¢} 7te] 2]
ool A AAAdE= gAE 42 DNA topoisomerase
o] &k A af-5(lane 4)-> A &4 H-2]8 campto-
thecine(lane 3) ¥t} -39, plasmid DNA<S] topo-
logy W Ftol|l = opF-% o3kg T3] ¢¥skev(lane 5),
sAEAe wxF 1ug7lA F7141# DNA2F uks-
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