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Summary

During the performance of a project under the title “A Study on
the Isolation, Classification and Maintenance of Marine Actinomycetes
for the Screening of Bioactive Substances” we obtained following

results,

1. About 2,500-straiqs of Actinomycetes were isolated from various
samples e.g. sea water, sand, sediments of sea and lake, muds,
humus, and soils in various klimate regions.

2. Isolated strains‘ whose aerial and substrate mycelia showed
differnt colours were selected from each sample and characterized.
234 selected strains included 24 strains from sea, 32 strains
from lake, 38 strains from seashore soils, 65 strains from soil in
temperate region, 41 strains from tropic soils, and 34 strains

- from Antartic soils.

3. Eor numerical taxonomy of selected strains, data of 59 physio-
logical and biochemical tests were anaylzed with Taxon program
and Multi variate statistics’ package program.

4. Cluster- analysis with 85% similarity in each biotope generated
26 clusters: 3 clusters each from sea, lake, and tropic soils, 4
clusters from Antartic soils, 5 clusters from seashore soils, 8

clusters from soils in temperate region,



26 centrotype strains were clustered into 5 groups with Sm value
of 90% or more. Centrotype strain of cluster 3(sea) was grouped
into cluster | with strain 2044(cluster 18, soils from temperate
region). Cluster IV included strain 4503(cluster 1, sea) and
strain 309(cluster 4, lake). These results showed selected marine
Actinomycetes strains have a taxonomical resemblence to lacustrine
Actinomycetes and to soil Actinomycetes from temperate region.
None of centrotype strains from Antartic soils were grouped with
strains from other biotopes. This implied Antartic Actinomycetes
have a taxonomical characteristic of its own, probably due to
their extreme envinroments.

Marine Actinomycetes and lacustrine Actinomycetes showed higher
activity in degredation of polymers like as xanthine and
production of hydrogen sulfide. Antartic Actinomycetes and marine
Actinomycetes were relatively sensitive to antibiotica and
chemical inhibitors, which implied biotopes like marine or
Antartica were not so much contaminated with such substances.
Marine and Antartic Actinomycetes revealed to have various and
extraordinary properties distinguishable from those of other
biotopes. So marine Actinomycetes and Antartic Actinomycetes will
deserve more attention in search for noble compounds. In labor
stalked 2500 strains are thought be valuabe sources for the

screening of new micronial products.
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Axle] $kom streptomycin, actinomycin® e FAERS 1w v
UHEoRHN g er Fo3 njBERA B tite] FHolHcl ol
712 A FRAEAL 70094 Fof ol20 o] F 100 Fo] MArE o] A
A o] &HI glovt i E EYYES tide® gAa" Aoldrt
A F7HA] FE WYade 2 Aol EdE HFgo e
W AAZefA ] FREAY Fo4, WHFY EF, EX U el
thdt A7t oeldk Atz Relwbde EAJE gatth(Willians and
Vickers 1986,1988). Grein} Meyers(1958)7} si4-2] M A&} 2.GEojA
B8A A28 ActinomycetesE Ee|tL dH ol tigt AFE & olef Zejol
SIAE Qe ®aollel Ad(Kang 1988), @rl4 VA (VyasH
1990), &, #&, 1% (Gochnauer% 1975, JohnsonF 1986)% I3+ Alej
AZ $u Pudol HeHold ®e A7s Ho Ptk EY ol
Q@ PHZLERE 24 UANES TASE A7 WU o] Fojx
Q= 2dlE I QA Thermoact inomyces antibiot ius 23 E Thermorubin
C (Craveri 1964)c] WAE Y ow Yoshidam(1973)S 2']-‘9_-*5“ Streptomyces
sp. ol A YAEH sp. 351 et MY YAARREE  Okazaki®
(1975)°] Chainia§ #2|3to] A2 A4 SS-228YE wAsiez ud
%8 Streptomyces sp. oA Okami%(1976)& aplasmomycing ‘A stgc}).
ThE Aol nis] defad ddolit EFAAZ FHs| FHH=A

2 W+ ZBol=(Gyllenberg 1988) Ut el wixlol A LelLl: &



th.  wield A2 WA Folu HAYAHTE T&FHoE AUlssiME A
el B a2t A o] ¢ s}t (Nonomura and Hayakawa 1988, Omura 1988). A&
2 & slAe ttadt A8 £3, A8 HA e (PisanoF 1986), &
2luf ] A}-& o wjerulwleol WMEl(Iubii and Omura 1982)5o] @FHch
2 g HAaFe] A sHERYY 2/, 5XAE F Bl AuHy A
IS uigto 2Rt Auly Ha] wix st AuEden z 23 sl 7ty 5

AR HAL Medux] X0 ¥tg3l7] = gPrh(Athalyes 1981, McCarthy

EHstEe 283 B/ Y(classical taxonomy), oi3 FFE4 W2 FHol

Y SAEE AHEE ol §stel Aol fel¥oz BRsE 4UEF
¥ (numerical taxonomy)z} 23 EAPEHH THYYE o83t Al
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strain isolation

and selection

physiological &

biochemical tests

collection of data

computer analysis

% Sm Value:simple matching
* clustering:UPGMA(average 1linkage)

% centrotype clustering

Fig.1. Stages in numerical taxonomy analysis

EFUEY EFLHOTU)Y 2zt ol it FAIZE F¢ F TP
Axo] uwel FZA(cluster)E ©o]& O0TUE dendrogram® 2 I A]gtc},
Ssm(simple matching coefficent)} UPGMA(Unweighted pair group method
with arithematic average technique)2 A A 24 7 Z£(species)o 2
BE757] s1siH KALE 7} 80-85%, < (genus)S 60-65%7F ¥ oo} 3iri,

Dendrogramg JA71¥uls FAW/FAL S AL=E(intra/intercluster
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similarity)& Fsix ZZe Y=o i A EeI=E dotd
tt. Z AL U ESI U O0TUE chemotaxonomy® A 3t7]| = 3h=tl
(GoodfellowS 1988) o]& ¢l3A 0TUY Z4lF(centroid type)olr} 7H4¢
F4F(HMO)E FRict.

WA Fe B RIdFTEE Actinomadura(Athalyes 1985), Actino
myces(Holmberg and  Nord 1975), Actinoplanetes(Ruans 1988),
Mycobacterium(Kubicas 1972), Nocardia(Orchard and Goodfellow 1980),
Rhodococcus(Helmke and Weyland 1984), Streptomyces(Williams & 1983),
Thermomonospora(McCarty and Cross 1984)5of t]3dlo] o] Fof Hc}.

2| Z27tA] Fuliel A FWitel Yol BY AF= VIEGAA B
E3& A3t Streptomyces®] X 24l Z2 ¥ T Y AFold,
| FF7t $8 BEYOA 28 FFE Lol F¥ BHY YA
ol B A3+ AY Axe ARelrh. I B¥e UL F WALl

oA He SHEHJ oo (KemmerlingT 1989) Ee|® wWado] 32

l

FE FdFo] MPoM dAFHLR AMAIAY e 43 Fe™ AL
ofulg} 3| MelAY L¥Eeo] wd Hrh(Weyland 1981a,b, Weyland and
Helmke 1988).
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AU 3 %

8336 Micromonospora carboracea ATCC 27114
8339 Streptomyces anulatus ATCC 23345
8340 Streptomyces rimosus NRRL 2234
8341 Streptomyces viridifaciens ATCC 11989
8342 Streptomyces albus ATCC 3004
8343 Streptosporangium roseum ATCC 12428
8347 Oerskovia turbata ATCC 25835
8348 Streptomyces halstedii ATCC 3325

2.3. 9jA]

M E RS dPAold AHgY g adE FEstach. IsPeixe
International Streptomyces Project ollA] Streptomyces& TR 3}7] 93l A}
g3tdd wix| S WUy ste] A}&5IAT} (Shirling and Gottlieb, 1966).

By o] #AHA 4=y BE wiAE autoclaveZ 121 °C, lbar

ol 15% % HF3stHdch

st ct
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Bennett

( Modified Bennett's agar medium )

Glucose 2.0 g
Yeast Extract 1.0 g
Malt Extract 1.0 g
Peptone 2.0 g
Agar 15 g
dist, water 250 m]
Aged sea water 750 ml
pH 7.4
ISP 1

( Tryptone-yeast extract agar )

Trypton 5.0 g
Yeast Extract 3.0 g
Agar 15 4
dist, water 250 ml
Aged sea water 750 ml
pH 7.0-7.2

ISP 4

~——

( Inorganic salts-starch Agar
Soluble Starch 10.0 g

K2HPO4 1.0 g

15



MgS04- 7H20 1.0 g

NaCl 1.0 g
(NH4 )2S04 2.0 g
CaCO3 2.0 g

Trace salts solution A 1.0 ml

Agar 20 g
dist. water 250 ml
Aged sea water 750 ml
pH 7.0-7.4

ISP 6

( Peptone-yeast extract iron agar )

Peptone 15.0 g
Proteose Peptone 5.0 g
Yeast Extract 1.0 g

Ferric ammonium citrate 0.50 g

K2HPO4 1.0 g
NazS203- 5H20 0.080 g
Agar 15 g
dist. water 250 ml
Aged sea water 750 ml
pH 7.0-7.2

- 16



ISP 7

ISP 9

( Tyrosine agar )

Glycerol 15,0 g
L-tyrosine 0.5 g
L-asparagine 1.0 g
K2HPO4 0.50 g
MgS04- 7H20 0.50 g
NaCl 0.50 g
FeS04- 7H20 0.010 g
Trace salts solution A 1.0 ml
Agar 15 g
dist. water 250 ml
Aged sea water 750 ml
pH 7.2-7.4

(Basal mineral salts agar )

(NHg4 ) 2504 2.640 g
KH2PO4 2,380 g
K2HPO4- 3H20 5.650 g
MgS04- 7H20 1.0 g
Trace salts solution B 1,0 ml
Methyl red 0.004 g
Agar 15 8

17



dist, water 250 ml
Aged sea water 750 ml

pH 6.8-7.0

ol
& Had ISP 9 wix|o] Hriyich,

Trace salts solution A

FeS04- 7TH20 0.10 g
MnClz- 4H20 0.10 g
ZnS04- 7TH20 0.10 g
dist. water 100.0 ml

Trace salts solution B

CuSO04 - 5H20 0.640 g
FeS04- 7H20 0.110 g
MnClz- 4H0 0.790 g
ZnS04- TH20 0.150 g
dist. water 100.0  ml

Simmon’s citrate agar
Sodium citrate 2.0 g

MgS04 0.20 g

18



NH4H2PO4

K2HPO4
Bromothymol blue
Agar

dist, water
Aged sea water

pH 6.9

Triple sugar iron agar

Bacto Beef Extract
Bacto Yeast Extract
Bacto Peptone
Proteose Peptone
Dextrose

Lactose

Sucrose

Fe2S04- 7H20

NaCl

Na2S303- 5H20
Phenol red

Agar

dist, water

Aged sea water

pH 7.2

1.

1

0.080

15

250

750

10.

10.

12
250

750
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2.4. ¥F £l 2 BE

siot g oA ARE FAglol B Bennett wiAlel AP

o

sto] felgez =wstodrt. IAXNERE 22 =2 ARE petri disho]
&7 ¥ 50 ColM 1417 AZste AAe AR AX o A2 48
22 A7 ¥ aged sea watero] 3]A{3}o} Bennettu]x]o] 3 F3tAATt.

H 2% agar plater 30°C ¥-27)olq EAP o] A UfUREF 2-4F
2 wisisic,

Agar plate’doll A 2| &4 BAF 53 & 713 colonyd 3iF &u]F (20
X.,100X )02 B3t v colonyel ©¥AH A o] & £:2l3to Bennett

wixlo] FEstdrt. S wixle] A EM e+ HUH

ok

M FELS Bennett slant agaro]] 7|3 300ColA < 73 vt &

7} S35 GAYL F capl® AHEH Fo| stopperE FTH ALFUIE

n

El

A F 4 ColAd REFIATE
2717t B2 AL plate &Y EA}E glycerol &of (10% w/v) @&
3}o] WHFH eppendorf tubeol] 2 ¥ - 80 ‘C2| deep freezerollA YHH

#stalrt.

2.5. ey B
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Bennettul x| 2} ISP 4uiz]o] AP FE& HF3to] 300Co A 14U 2t v
g F Peld 5E& wAHsIAch Mo WEH L Locei(1989)0] uwha}
Actinomycetes?] spore mass(IE:= 7] Al) 2} substrate mycelium(7]&TA})
W soluble pigment7} ¥-FH agarE EY3}lo] Tresner & Backus (1963)2]
M@ vlaste] Mo wWsE Asicl. 1 color Mele th2t ch
Spore mass color+ blue, gray, green, red, violet, white, yellowo]A]
AA3IY 3 substrate mycelium?} soluble pigment®] colort yellow-

brown, red-orange, green, blue, violetollA] ZA A3},

2.5.2. Az} ®uo|7o] &% #a

ActinomycetesZ} 712]3 Q&= E=x}2] el AR, ExAISe] 3
e} #%E $/3] Scanning Electron Microscope(SEM)& ©]8€3}213 SEM A&
8] &l i o] stch

30 CollA 235Q F& Qe ¥ =yt & P Y ISP4 agar plate
of Ay WS FEof 8%(w/v) glutaraldehyde® O 8 23 plateE o
3to] AolA 145 BAst] ou] 1B (prefixation)dtydct. 2FH
AEE o Sunx5unXlmme] Z7]E AHE F P20s7t Eol Y& WSl
Yol - 20 ColAM 3d-4dFg  FAARINY FEE AAIAC.
Aluminum stubf]ol]l G Elo]ZE 23] 1 ¢lof U’ AEE Sse2 ¥
Bio-Rad E5550 SEM coating systemE& A}&3}o] gold coating¥t I

SEM(Philips model 515)2 8 Za3}oict.
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6. el Az 54
AP EL Berd(1973), Cross(1989) % Lechevalier(1989) o] Ap-&
gt ActinomycetesE A HhH & %z g Wit E2E #FF & Bennettul X
oA 13Y ¢t 30 'CE uj3t ¥ 96 well green plateo] BFH A )

Z] o]l replica(Sigma)E A}-&3}o]

o

Fstadct.
2.6.1. Melanoid pigment A%

ISP 1(Trypton-Yeast extract agar), ISP 6(Pepton-Yeast extract iron
agar), ISP 7(Tyrosine agar)& Al&3lgom 30 Colra dFAd 7t ufet

3t ¥ greenish blacke] Ao] LUEIWE uf positiveE %t 3Tt
2.6.2. A o]8&%

Az FE vtaYdg JlEulxl ISP 9 wjz|o] Hrtste] HFstAch
Test sugar®A] glucose, fructose, sucrose, xylose, arabinose,
rhamnose, inositol, mannitol, dulcitol, mannose, raffinose, lactose,
méltose, cellobiose, galactose, dextrin, trehalose, glycogen, salicin,
glycerol& 2 E2HT7} 1%(w/v)E EHEE &7 steich

30 ColM dFY 2 gy F ZAAE 243l sugarE EAY
L AL control® sugar o] &%52 J|&E0F 4o}l controlBHT} 22 HAS
LEP A A& positivegli 3L, controlXTh GAALEf7 AR A&

negative® ItA 3}gict,

Sugar?] o]0 % acid’} A= 2L AEY ZH$+ methyl red

22



(0.004g/1)7} H7FH wixloflA 30 Colld 15:Y 2t vid F wiA| 7} red

color® W3l At A % positivezt: 3HA3}ch.

2.6.3. 714 ol &%

G 7|4t 0] 8% & ninimal salts media® ISP 9& Al gt o Al@EE

& 7] A+& Na-acetate, Na-benzoate, Na-succinate, Na-malate, Na-lactate,

Na-tartrate® HZ2%%7F 1.0%7} HEE Z7Istg 1 citratew 0.2%2

Simmon's citrate agarZ A}&3tgdct. 30 ColA 153¢ 2 gy + 2

& 71 §stglch

2.6.4. o4t o] &=

Amino acid®] ©]&%& ISP 9 mediadll tyrosine, serine, alanineg& &

w

2wl 0.2% HEE Aisted 30 Colld 154 b wjgt F HAsialch
2.6.5. 23

Degadation testZi= ISP 9uix]¢] xanthine(1%), casein(skim milk
1%), esculin(esculin 0.01% + ferric citrate 0.05%), starch(0.2%)& A
7)o 300ColA 13 Y ZF wjgE F xanthined}t casein #iZ| 7} FP3|A]
W positive® 7]E3stadth. Gelatin(12%)& agar thil H7iste wjd F
gelatin &3{8Ato] UEI}E positiveZ ZHF3}lct Esculin £3)

positivedl 7L uler ¥ uixlg Mo AAU FANos wWalch

23



2.6.6. Catalase test

Catalase testi= Bennett vX|oflA] 1+ 7t ufjoFgt F Aol 3%2] Hz0;

&4 Hojz=g J|EJF YAHH positiveztil s

!
RIS

.

2.6.7. Nitrate reduction test

Bennett wixlo] 13Y 7wy FHE EF4ol wekeln

Griess-Ilosvay reagent(Il,I11})E H7}3l9l& uwj ZHMulgo] LielviA

positive® ZtAslaic}.

2.6.8. HzS8e A%

Tripple Sugar Iron Agar(Bacto)ofl 30 ‘CoffA 1 o ZQF ujorgt X

Black®] color& e positive 2til 3+ 3}oict.

2.6.9. dA2%, pH, ¥=

pH o th¥t Zr42d 2 Bennet wi2) & 24z} pH 5.0, pH 7.4(control), pH

10,088 zAH3lo A, =0 wlE 3

At

q& 4°C, 20°C, 30C

(control) oA ZAlE| gt} X3 %o s

.
ok
rlo

24e 27 3%, Txe

d s=olA ZAME T

2.6.10. 3t A o] tiyt A

24



AH2E AR W O T gentamicin(100ug/ml), neomycin(50ug/
ml), vancomycin(50ug/ml), penicillin G(10 I.U), rifampicin(50ug/ml),
tobramycin(50ug/ml) ©]t}. Bennett BiX|o] 6&FE T~& streakdt F 2 F
5om® A}-E Whatman paper No.1& Z} slBzjdo] HAl F streakit F-¢lof

%3 30 ColA 179 2 Wl stdh FR4ol HA AAXE &

¥ A& control & vl F LIEIL}E inhibition zoned W] 2 & A dFeict
2.6.11. BB El i Y

Chemical inhibitoro} ti3¥t Z+44 & Bennett djAlo] crystal violet
(0.001%), sodium azide (0.2%), potassium tellurite (0.05%), phenol
(0.1%) & HE7lsto] 30°CoAq 1574 T¢ MUYy F FHF=E vla ¥
A=

Lysozymeol th3} ZF4A -2 Bennetti Xl of lysozyme?] s %7} 5mg/100ml
o] Sl & HIIsted 30 ColM 15U vidE F AFARE vl 243}

Act.
2.7. Computer analysis

+ = - 8 425 dataz Taxon program®E 1 codeE 0 3} 1 2 ¥
23 & MVSP Program & A}-&3}o] similarity® F¥ ¥ cluster analysis

A3& AA 2 ZAAE dandrogram g LUERUiTh ZH 0TUE Y]

similaritys Ssm 45 ©|&3t A4tstad 3, clustering2 UPGMA v—_" FARS

25
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Table 1. Sampling sites and number of selected strains from each

sample.

No, | 2§3=|g ANEBZ|MEEF
1 cixdE) ES 3
2 wo3) ES 1
3 o A ES 2

ES 7
4 a4 H

ES 1

ES 6
S F =

0s 10
6 =+ 4t ES 2

ES 1
7 el F-ch

0S 2

ES 1
8 | ¥5=

0S 2
9 3R1Z ES 1

EL 18
0| @ 9

OH 13
11 3 % EL 7
12 F=A EL 2
13 Ao EL 5
14 Tl 0 3
15 & 2 0s 4
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Table 1. Continued.

No. | ARG |AESHG | dEFFs
16 | of A | os 1
17 | ¥ = oS 4

0S 4
18 5=

OH 5
19 | F=egt 0s 7
20 | M 4 OH 1
21 Q13}c CH 2
2 | = A OH 2
23 | =gat OH 4
24 o ¢ OH 6
25 < 3 OH 10
26 | E3AZ OH 1
27 | ¢ 5 OH 5
28 | Bt OH 2
29 | FEsat OH 3
30 o OH 5
31 | % OH 4
32 | 3ed OH 2
33 3 or 11
34 | dey or 30
B | EF 0A 34
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B)

Fig.2. Straight to flexuous (Rectus-Flexibilis) spore chains of

isolated Actinomycetes strains: A: strain 616, B: strain 8327.
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B)

2. 84K% 438N

Fig.3. Spiral (Spira) spore chains of isolated Actinomycetes strains:

A: strain 7651, B: strain 8328.
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Fig.4. Looped (Rectinaculum-Apertu) spore chains of isolated

Actinomycetes strain 8330.

Fig.5. Smooth spores of isolated Actinomycetes strain 1312,
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Fig.7. Warty spores of isolated Actinomycetes strain 8260,
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Fig.8. Filaments of isolated nocardioform Actinomyceteé strains: A;

strain 9, B: strain 8316.
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A)

25KU 15 . 2KX 654

Fig.9. Single spore producing Actinomycetes strains: A: strain 1308,

B: strain 4505.
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Table 2. Cultural and physiological characteristics of Actinomycetes:

percent of positive reactions.

No. of L——-———~——- SEA LAKE SEA TEMPERATE TROPIC ANTARCTIC
STRAINS BIOTOPE SHORE  REGION  REGION REGION
CHARACTERISTICS 24 32 38 65 41 34
MELANIN Is1 4.2 6.3 2.6 1.5 9.8 5.9
PRODUCTON 1S6 16.7 21.9 7.9 1 4.9 0.0
187 4.2 0.0 0.0 7.7 24.4 38.2
SUGAR CON 54.2 37.5 52.6 33.8 56.1 61.8
UTILIZATION GLU 100.0 96.9 97.4 84.6 97.6 94.1
FRU 100.0 93.8 89.5 93.8 87.8 85.3
suc 58.3 43.8 65.8 58.5 78.0 38.2
XYL 100.0 100.0 94.7 95.4 95.1 76.5
ARA 100.0 96.9 100.0 84.6 95.1 70.6
RHA 41.7 34.4 65.8 41.5 75.6 67.6
INO 66.7 43.8 92.1 49.2 80.5 47.1
MAN 100.0 96.9 100.0 95.4 100.0 79.4
DUL 58.3 31.3 T71.1 61.5 63. 4 17.6
MAO 100.0 96.9 97.4 93.8 92.7 97.1
RAF 4.7 25.0 76.3 52.3 61.0 47.1
LAC 54.2 34.4 86.8 73.8 80.5 79.4
MAL 100.0 100.0 97.4 73.8 °90.2 85.3
CEL 100.0 93.8 100.0 87.7 92.7 85.3
GAL 100.0 100.0 89.5 81.5 92.7 91.2
DEX 100.0 90.6 94.7 86.2 92.7 88.2
TRE 100.0 93.8 100.0 81.5 97.6 73.5
GLY 100.0 96.9 97.4 90.8 97.6 91.2
SAL 91.7 71.9 78.9 72.3 78.0 67.6
GLC 91.7 93.8 94.7 96.9 85.4 82.4
ORGANIC ACE 70.8 62.5 60.5 76.9 78.0 67.6
ACID BEN 0.0 0.0 21.1 0.0 0.0 0.0
UTILIZATION CIT 70.8 50.0 55.3 50.8 0.0 0.0
SUN 100.0 100.0 89.5 92.3 87.8 67.6
MAT 100.0 93.8 84.2 89.2 82.9 55.9
LAT 87.5 78.1 71.1 92.3 75.6 64.7
TAR 50,0 583.1 63.2 72.3 73.2 38.2
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Table 2. Continued.

No. of L—————————‘ SEA LAKE SEA  TEMPERATE TROPIC ANTARCTIC
STRAINS BIOTOPE SHCRE  REGION  REGION REGION
CHARACTERISTICS 24 32 38 65 41 34
AMINO ACID ALA 87.5 90.6 97.4 89.2 97.6 82.4
AS SER 95.8 93.8 100.0 84.6 97.6 76.5
SOLEC & N TYR 95.8 96.9 89.5 92.3 85.4 82.4
DEGRADATION STA 100.0 90.6 92.1 93.8 95.1 97.1
OF CAS 100.0 90.6 100.0 98.5 97.6 76.5
POLYMER XAN 87.5 87.5 55.3 75.4 78.0 73.5
GEL 91.7 93.8 26.3 49.2 61.0 79.4
ESC 75.0 50.0 34.2 36.9 24.4 76.5
BIOCHEMICAL CAT 62.5 68.8 65.8 86.2 78.0 9.1
TEST NIT 29.2 50.0 50.0 24.6 17.1 0.0
H2S 95.8 96.9 5.3 9.2 7.3 5.9
OPTIMAL PHS 100.0 87.5 73.7 75.4 97.6 88.2
GROWTH PH1 100.0 96.9 92.1 81.5 100.0 88.2
CONDITION ™4 8.3 3.1 18.4 32.3 0.0 29.4
™2 100.0 100.0 100.0 100.0 100.0 100.0
SA3 95.8 93.8 97.4 80.0 100.0 94.1
SA7 91.7 100.0 92.1 76.9 97.6 76.5
ANTIBIOTICS GEN 0.0 0.0 2.6 3.1 0.0 0.0
RESISTANCE  NEO 4.2 62 15.8 13.8 9.8 0.0
RIF 25.0 50.0 65.8 40.0 58.5 0.0
TOB 12.5 28.1 26.3 33.8 17.1 8.8
VAN 8.3 15.6 13.2 15.4 12.2 2.9
PEN 91.7 90.6 92.1 90.8 90.2 82.4
CHEMICAL CRY 12.5 3.1 15.8 6.2 4.9 2.9
RESISTANCE  SOD 12.5 6.3 5.3 6.2 7.3 8.8
POT 4.2 3.1 10.5 7.7 17.1 32.4
PHE 54.2 81.3 8l.6 93.8 95.1 47.1
LYS 66.7 40.6 78.9 78.5 100.0 67.6
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Table 3. Data of the numerical taxonomic analysis,
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Fig.17. Continued(1l).
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Fig.17. Continued(2).
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Fig.17. Continued(3).
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Fig.17. Continued(4),.
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B : blue A @ gray G : green
V : violet W : white Y : yellow
0 : no spore mass formation

©713TAt 22 (Bennett ufx])

Y : yellow-brown R ! red-orange

G : green B : blue V ! violet
@588 Y4 (Bennett vjz]).

Y : yellow-brown R ! red-orange

G : green B : blue V : violet

0 : no diffusible Pigment

@A (ISP4 hx)
% 1=

@715 M2 (1SP4 vj=])

®% H=

@873 M4 (ISP4 ul=])
®% H=

QXA eLle] E}4=(1SP4 vlx])
10 : X2} 107]0] 43
5: XX} 3-10
1 ! single

®ExIAE HEf(ISP4 wi=])
RF : Rectus - Flexibilis
RA : Rectinaculum - apertu
Sp : Spira

OQXEATEH (ISP4 vjx})

SM : smooth
WA : warty
SN @ spiny
HA. : hairy

@Biochemical tests + : positive
- neéative
1) melanin pigment production
ISP1 : in ISPl medium
ISP6 : in ISP6 medium
ISP7 : in ISP7 medium '

2) Sole carbon souces(1% w/v in ISP9 medium)

CON : without sugar
GLU : D-glucose
FRV : D-fructose
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SUC : sucrose
XYL : D-xylose
ARA : L-arabinose
RHA : L-rhamnose
INO : I-inositol
MAN : D-mannitol
DUL : dulcitol
MAO @ mannose
RAF : raffinose
LAC : lactose
MAL : D-maltose
CEL : cellobiose
GAL : D-galactose
DEX @ dextrin
TRE : trehalose
GLY : glycogen
SAL : salicin
GLC : glycerol

3) Organic acid utilization(1% w/v in ISP9 medium)
ACE : sodium acetate
BEN : sodium benzoate
CIT : sodium citrate (0.2% w/v in Simon citrate agar)
SUN : sodium succinate
MAT : sodium malate
LAT : sodium lactate
TAR : sodium tartrate

4) Sole C-and N sources(0.2 % w/v in ISP9 medium)
ALA : L-alanine
SER : L-serine
TYR : tyrosine

5) Degradation of
STA : starch (0.2% w/v)
XAN : xanthine(1.0% w/v)
ESC : esulin (0.1% w/v)
CAS : casein (1.0% w/v)
GEL : gelatin (1.0% w/v)

6) Biochemical tests
CAT : catalase
NIT : nitrate reduction
H2S : H2S production

7) Growth responses
pHS ¢ growth at pH 5.0
pHl : growth at pH 10.0



™4 :
™2 :
SA3 :
SA7 :

optimal growth temp. of 4°C
optimal growth temp. of 20°
optimal growth with 3% NaCl
optimal growth with 7% NaCl

8) Susceptibility to

GEN :
NEO :
RIF :
TOB :
VAN :
PEN :

gentamycin(100 ug/ml)
neomycin ( 50ug/ml)
rifampicin( 50 ug/ml)
tobramycin( 50 ug/ml)
vancomycin( 50 ug/ml)
penicillin( 10 i.u. )

9) Resistance to

CRY :
SOD :
POT :
PHE :
LYS :

crystal violet (0.0
sodium azide (0.2
potassium tellurite(0.05 %
phenol (0.1
lysozyme (0. 005
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