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Summary

To screen antiretroviral compounds from microbial metabolites, 300 soil
microorganism strains focusing Actinomycete family were collected and
purified in Jeju. Those microbial isolates were cultivated and their
culture filtrates were used as the samples for screening antiretroviral
compounds. Inhibitory activity of microbial culture filtrate against avian
myeloblast virus(AMV) reverse transcriptase (RT) was determined.

About 87% of the 300 isolates showed AMV RT inhibitory activity in the
primary screening test. Those isolates that showed higher than 60%
inhibition of RT activity were chosen and their inhibitory activities were
confirmed repeatedly using their cell-free culture filtrate. The inhibition
rates of BLK268, BLK115, BLK418 and BLK338 were 98.7%f 0.3%, 97.9%
0.2%, 97.9%t 2.7%, and 95.9% 1.6%, respectively. The isolates BLK311,
BLK90, BLK462-2, BLK248-2, CB249-2, and BLK107 showed morer than
80% inhibition, and BLK4, BLK86, BLK123, and BLK39 higher than 70%
inhibition of AMV RT activity. Among those isolates, six strains including
BLK39, BLK90, BLK107, BLK115, BLK268 and BLK418 were chosen for
further study.

In order to confirm the dependence of the inhibitory activity on
microbial metabolite concentration, the cell-free culture filtrates were
diluted several folds and added to the RT activity assay system. The
results demonstrated that RT inhibition rate increased in general as the
dilution rate decreased.

The heat stability of active microbial metabolites were also
investigated. When the culture filtrates were preincubated for 1 hour at
30T or less, no decrease in the inhibitory activity was observed. But

most of the isolates lost the inhibitory activity rapidly at temperatures



higher than 50, whereas the isolate BLK90 maintained relatively high
inhibitory activity at above 50T.

The unknown isolates were identified through 16S rRNA gene analysis.
The nucleotide sequences of 16S rDNA from BLK39, BLK90, BLK107,
BLK115, BLK268 and BLK418 were determined and compared with those
of other known microbial species. The isolates BLK 39, BLK115, BLK268
and BLK418 showed more than 96% sequence homology with
Streptomyces species. Meanwhile, the 16S rDNAs of isolate BLK90 and
BLK107 were similar to those of gram negative bacteria which belong to
the genus Erwinia or Pantoea.

Morphological features of these bacteria were consistent with the
results of rDNA sequence analysis. Further research about inhibition
mechanism and chemical nature of those bacterial metabolites are

suggested.
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Fig. 1. Central dogma and reverse transcription

RNA #2= F3(template) 2. DNA 27} A EHE HE2S AAA}
(reverse transcription)2} 3}, 9 AldA(reverse transcriptase)ol] 2]3)|A]
ZXEY. ol AR SFeo] digh dWrEQl central dogmadlA DNAE
FPo2 RNAZF A= Hb§Ql  HAHtranscription)®] 9w HEgo=

'retro'?] 9w o71A FEEATH(Fig. 1).
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Fig. 2. Replication scheme of retrovirus.

STA L7} dEZnfolgze] 7dd uwl, RNA #4949
capside= MEARE 5ol7tar, A7|olA JHA}L wkgo] dojdrt. JHANS O =
F4E wpelelz=e] DNA #Ak= &SF(host)e] 4AA DNA £oz Y
(integration)¥ o], provirus DNA B2 &3}, nlx] <F9 42 DNAC]
AAH ik AAbA S AAE RNA #2452 85 (translation) ¥4l 240]
Adt, vpoly 29 FHEAR o] &Eo], Hlo|gjxe] HA FAe 20t

i~

dEZuolti s 5EAHOE /9 reverse transcription, integrase,

protease 59 TAWWNAS AAEt=Y Q3 Ao Ad gwAS vte=



m

2% £FAEY £402 A

rr

o 283t A5 AYa =, olE FHA
AbE oL, e A 2 S =Elvh(Fig. 2).

Retroviridae ol 43l dEZuWlo|g] 22 E avian leucosis virus(ZH9
dH), mouse mammary tumour virus(+%¥3 %), murine leukemia virus(F 4
dY), feline(iL%©°]) leukemia virus, bovine(4) leukemia virus, human
T-lymphotropic virus(oncovirus, % %), walleye dermal sarcoma virus(3]4-
%), human immunodeficiency(A¥Z2E5) virus 1, simian(g%°])
immunodeficiency virus, feline(3Z2%°]) immunodeficiency virus, Z1g]il
avian myeloblast virus(Z#F &=Fol7% Hlolg2) Fo] vt Z=F=3F vloly
2 HS5NI=  RNA  HboJzojup  HHdAEAS 23 A &ow,
Orthomyxoviridae ¥} F-F¥ ). Hepatitis B 7Fdlol gl = dEZHfo| g~
7t obYAIRE, AT S A FA g

E3], dEZno]d e STAMES] FH2 W3 (transformation)s Yo A

a3

o,
rot

24e AW S FIA7|= vlolBl 2R A, oY THA] TS FiEste AR &
olE AT, 1980t AIDS”7F human immunodeficiency virus(HIV)2= @ E=Z
nhol g 2ol o) FEith= Aol S A|HA o] niolg{ e tigh #Alo] Fo}
FEH1).

dEZnlolH 2e EHAY F83F 93-S 3l reverse transcriptase$} H}o]
B ALt D49l §49 proteases WESIA glom, o] ujolH
24 B2E& N8 A% 8 SR ELAEA ol o] &5 dri(1,2)(Fig. 3).

reverse transcriptasei= H}o]#]229] RNA genomeS T3 02 DNAE A
3= =4 @4 (RNA-dependent DNA polymerase)®, & dEZHlo]g] As
reverse transcriptase® zril t}. reverse transcriptaset Moloney murine
leukemia  virus* # [SRRRe ZY e =(monomer)®,  Hi=  avian

myeloblastosis virusx® T 719 Z&# ¥ =(heterodimer)® ©] Fo] Xt}
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Fig. 3. Screening of antivirus inhibitor.
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AAW7EA T ke wlolef 23 e] w3t Fupolg a4 o] Ms 9% A
T7F AEH o HEAHEI QO reverse transcriptase inhibitor =&
nucleoside analogue 7]%9¢ zidovudine, didanosine, zalcitabine, stavudine,
lamivudine, abacavir, emtricitabine 3 nucleotide analogue$! tenofovir,
adefovir, 1#]3l efavirenz, nevirapine, delavirdine %% non-nucleoside
inhibitor7} ATH1).

Sk viral protease inhibitor Z& #HEZHlo|H 29 HAE A|ste
saquinavir, ritonavir, indinavir, nelfinavir %°] <¢&x Jdow, o]} HE
hepatitis(7+$3) C virus 2] protease inhibitore] tgt A% &= o),

ol¢} & ATHA N E Esta, HERZuo|H 2 5SS 93 =g o]

& = UE WS Uede o5 =43 o5 3= sFAEd

<
gt 5402 ods] HAE AYal Qo). E3 o]& 312 W (chemotherapy)

reverse transcriptase®] Fw| WHREEAA T wHZ ALEEH= 7Y TRE
aered v, 54 dEZntol e tigk Ajade v e HEEo| g
NME AAE 7tgAdol =

proteasei= active site(ZAdH$) 2 87| #o| we} serine proteases,
cysteine (thiol) proteases, aspartyl proteases “12]3l metalloproteases®] 4

F2 BEFEEd, HIV-1 #vlo] 3 2 9] proteasei= aspartyl protease AlE°|t}.
a4 FujAbeS Asiete WHE AN IAHE7FEY BAS dsAY,

ot 71 Ajks Waliske Aol B Aot webA, 549 protease &4

A A7} Bae] g vlole e Y ANBAS el & e bsA

o] F4-3Hth6, 7)
AIRE A 24F WA AES TR /152 o g3l HEEAS AN

g AP ELS Jd AEAL] AL e 57 Ves &5 €&
St Zolth(22-27). olHet HA AEALOZREH NZL Fufoly 2~ AAE B
A5tz 9t AF7t FE8| o)FoR A Yth.  H. virginianaZ5-E FE2E ZT



o

H=2l X EotEA YWY tannin  3¥E(shephagenins A9 B) % S
argentea® O 22X E FZ3F strictinine HIV-1 reverse transcriptase©l] T
o] oA BAS YEFWTHR). S, baicalensis GeorgiZH-E F8l¥ ZEH % 0]
=29l Baicalein® 3HIV-1&A4 S el o o]= Baicalein®] HIV-1 envelop
proteins¥ SFAES] Ho S Walets AoRE BAHJATHO, 10). A&
A9l flavonoid 33E2 AMV reverse transcriptase A &|ZAdo] tfdl ¥
(1DE v]%E3ste, o] WX flavonoids, terpenoids, lignans, alkaloids 5 &<
phytochemicalsE°] $4 o)A UTH(12-18).

gt ApAA A 7R 72 A Q] AEAQ] mAAE gk thekd AggAd ol
Huwo] gtom, o] FoAk 64% oS Wadqtel oF Hojnk WAHd#S 3t
s "AE FAA 7HE FHESIE & o] Folx Algtold, A, FA,

22AA, GuleldzAl B AARonyY TR 4BYRAL TAS)
iF

3w gk ekl el E okdztA]

o], reverse transcriptase XS A dlst= nfole] A Al
A Sk 227) AN ATALY EFon e dael P 5& £FE
9 9w, ose WIde Ao TauMds ARz Agudt 1 %

reverse transcriptase A3l &Ado] & A& AH G5
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O
i

AFE Aol AAT EFoRTE Feln 3000 #79) v ARS @

wpolel s ARGl ALgegTh 1 FelA Gulolels Aol 4w BFE

2) reverse transcriptase assay

Reverse transcriptase(RT) €A A 3A(inhibitor) 4 A3 HQa3
EnzChek™ Reverse Transcriptase Assay Kit E-22064(USA)= MolecularAt
(USAE HE Y3912, a4E Promegart25HE FY3F AMV(avian

myelobrastosis virus) Reverse Transcriptase(M5101, USA)E A}-8-3}3 0}

3) ARgHiA|
(D 7AE & 197
EYGA 52 HH tAES wmEEEsly] €)3te]  Arginine—glycerol

salts(AGS) agarE AFE8FR L, wlA] ZAE Table 13 7t}

i

_10_



Table 1. Medium AGS composition for isolation of microorganisms

Arginine monohydrochloride
Glycerol
KoHPO,

NaCl
MgS047H20
Fex(S04)3:6H20
CuS0O45H20
ZnS04-7TH20
MnSO4H20
Agar
Cyclohexamide
Nystatin

Soil extract

Distilled water

10 g
125 g
10 g
05 ¢g
05 ¢g
0.01 g
0.001 g
0.001 g
0.001 g
15.0 g
50 mg
50 mg
200 mL
800 mL

(2) "= ATHE<E wfA

PN Nt
RLER T

Bennet's agarS AF£3F3it}.

composition

g8 #FE Aduidstr] Y3k wiA]= Table 29 7L %

for subculture

3

g]

of

Table 2. Medium Bennet's agar
microorganisms

Glucose

Peptone

Yeast extract
Beef extract
Agar

Distilled water

10 g
2g
lg
lg
16 g
1000 mL

_11_



2. AP

D £ vgEe) £
AHE EGAIRE Petri disholl €31, 60-70T9] Ax7]e] A1 AE Ax
sholth Azd ARE wAbRE BREA g, 2iE BEd &Y by

A =3 228 A
4

2) nfolgi 2N B4 ANAF A
(1) WAL AE wjd

Futeolel A EdS AL

it

= #F5 #HA, Adstr] 9ste] EYOEFE

= ATk
AEAEH 7 =2 MAEE Bennet's broth #R|ol $AA 27Tl A 7-10€3 2
g ket et wFNS microfilter(0.45um)E o] #ste] FAE A Ast] FA
Zuj o H(cell-free culture filtrate)s DL, o]5& 4T FFEASIHA &

4 AN AR LSS

Olr

H #5Z= Bennet's agar WA o] HAEstaL 27 CollA 747 w3

(2) reverse transcriptase &4 A3A 74
300099 Aot 2 WA vk e] AMV reverse transcriptase(RT) A

A8 (inhibition) A &=

il

=A437] 93ted, Reverse Transcriptase Assay KitE
AFE3FA Y. Img/mL  poly(A) ribonucleotide template®} 50pg/mlL  oligo
d(T)16 primerE 2 &%FH| &2 413 A2 A 147t &<t annealing A% T
o] A& polymerization buffer(60 mM Tris—HCl, 60 mM KCI, 8 mM MgCls,
13 mM DTT, 100 uM dTTP, pH 8.1)& 200u] 3435t} A H-G&
annealing mixture® AF&-3}31 T} annealing mixture 20puL, FA|EwjFo] el Al
g 2uL, AMV RT 0.5puL, 18] enzyme dilution buffer(50 mM Tris-HClI,
20% glycerol, 2 mM DTT, pH 7.6) 2.5uLE X5 microtube(500uL)el &1,

_12_



Hhe& AAIA

200 mM EDTAE 2ul #7}slo]
1 X TE(Tris—-EDTA)
=7}

]

A

25CoA 302 st wWidsd +,
Ztk wrSAS AR 96-well microplated] 7],
buffer® 345¥] 3]A1¥ PicoGreen Al9FS 173 ul® AH7Fsk%th. DNA ©]
g EE RNA-DNA £X47F3 PicoGreen AloFe] 93] FiEdth 3% AE A
2o A W-$A]71 § Fluorometer(excitation 485nm, emission 520nm)=Z &%
=5 SASUY. 125 E RT 24 A& tha3 2ol ALteain
—— ) % 100

% Inhibition = ( 1-
fluorescence without sample(normal RT reaction)
fluorescence with cell-free culture filtrate sample
fluorescence without enzyme(negative control, back ground)

3) gutolgl2A Ed ANAF 4
(1) 16S rDNAS] €71 <€ &4
16S rDNAS] 71 <ES &48t7] flsliA, WA #2529 AEE Bennet
agarif Aol HFato] 27CeA 747 wigsidd. wMSFdAE FHsted A
(chromosomal) DNA #2]& Al52 A}&33ith. DNA ®Ed& Ausubel &
st ARES o, F2lE 944 DNAE template® A}

i 2 16S rDNAE FEAIF T
forward primer = 27F:
primer+~ 1522r

5 pL template(50

H O
R

(1993)¢] i<
5lo], polymerase chain reaction(PCR)®
16S rDNA  sequencingol A&
5'-AGAGTTTGATCA TGGCTC AG-3', reverse

ng/ul), 5 pL 10X reaction buffer (100 mM Tris—-HCl, 400 mM KCI, 500 n
5 pl. deoxynucleoside triphosphtes(2.5 mM each)
ddE 33 HAolX FF 50

5'-AAGGAGGTGATCCARCCGCA-3'9]t}. PCR Whkg-o
=1 ] =TT E
thermocycler (MJ RESEARCH, USA)o] Y11 16s
94Co A 187+ denaturation

g/mL BSA, pH 8.3)
primer 2t 1 puL (10 pmol/uL)*,
uL=E THEQITH o] T AE ¢t
DNAE S#HAIZH. PCR Wh

ribosomal
— 13 —_



55Col A 187t annealing, 72ColA 1% 30% &<t polymerizationX] 7]+

x BN

AoZ 30 cycles WHE AAgIglon HFAHoz 72ToA 1073 S3A|
t}. PCR ¥HSAIAE DNAE 1.0% agarose gel AolAl 1.5kbe] A7]E 2
Attt PCRZ Z*3 DNAZ PCR product AAE€ kit (QIAGEN)Z AA s F,

sequencingdt{th. ol e W oz Adojz DNAY A7|A4ES National

ol
il

Center for Biotechnology Information (NCBI) Genbank(U.S. National
Library of Medicine, Bethesda, Maryland)2] BLAST nucleotide searchE %

3], 16s ribosomal DNAZE 315} al, nucleotide homology similarity=

ulasle] mAe) VAR FEE 56

(2) A=Y FH #F
ghatolE] 2~A EAS AASE 5 Bennet's agar 8iA]o] HESta 27T

ol Al 7~217F kst

¢

a
0%

$4%, 7 L FHEUY FH L 42 5L

w@S A 542 w@as] Astel 2197 WFstel 47 T A
g Aol 1gGram) AAFT P AP oz AP

_14_



1. E¥ nAE £ 2 reverse transcriptased] A3 A =

AFE ARE QoA AT ESFOZTEH nAES sty flste] H A
E 22 wiAd AGS agarvlAlel EY e =wsia of 453 wdsis).

W FAEE A7E9 FEHd 5H4ES AT vuste] 3009F9] HAES
TrFEE el = vAE 30099 wgd S AERE AREEte] AMV
reverse transcriptase(RT)9] A3l &4d& ZAslh. 12 A4 A3 Ao
30099%2] #F F 87%7F AMV RT A& @Ao] g Aoz vegon, I
% @4 As&ol 50% ol’FoE Yehd w7 E 20%0 3t (Table 3).

Table 3. Inhibitory effects of microorganisms isolates against AMV

reverse transcriptase.

Reverse transcriptase

HErotisiRlate i AL Prapar afe (%)

BLK4 72.6
BLKS 59.8
BLK39 68.6
BLK79 67.5
BLK82 69.9
BLK&4 60.9
BLK85 55.3
BLK86 79.5
BLK89 54.9
BLK90 90.9
BLK107 78.3
BLK115 97.2

_15_



Table 3. Continued

Reverse transcriptase

Microbial isolate inhibition rate(%)

BLK122 60.
BLK123 71.
BLK126 ol.
BLK150 61.
BLK240 4.
BLK247 63.
BLK268 95.
BLK311 86.
BLK333 99.
BLK334 90.
BLK338 90.
BLK344 e
BLK383 o4.
BLK418 96.
BLK490 64.
BLK499 61.
BLK205-1 64.
BLK230-1 76.
BLK248-2 82.
BLK249-2 86.
BLK31-1 74.
BLK462-2 79.
BLK498-1 70.
BLK9-1 53.
BLKRIIMK3-8 65.

S o0 O = 0o O O N = O = O O W O R0 W kW NN RS

_16_



1) reverse transcriptase 84 ANEZE Ak 45 AE

reverse transcriptase(RT)9 &A4-& Aslst= dirtbE AL 575 AE
371 Yste] 121802 60% ©]4e] A
7] WFHE ALESte] RT &4 A @S 39HE AAsglon, 7 Axs
Fig. 4o YetHAT

AMV RT A3 &4-& BLK268°] 98.7+ 0.3%, BLK1157} 97.9%+ 0.2%,
BLK418°] 97.94+ 2.7%, BLK338°] 959+ 1.6%2 o= =& As AL
velWith, BLK311, BLK90, BLK462-2, BLK248-2, CB249-2, BLK107<
80% ool A8 AL wWlow, BLK4, BLK86, BLK123, BLK39<2 70%
ool Aall &4de dekdllth. 1 TolM= A &Ae] BlwA & BLK39,

o

BLK90, BLK107, BLK115, BLK268 Z12]il BLK418 & +F 6&< 234 °%

rir

2 AEsgt). oF RS FE BAFF Sot Aow, Ax kA

i BAW AR BT £E vk

_17_



BLK4T A
BLK5T ——

BLK39t HH

BLK86T |

BLK&IT =

BLKOE H

BLK107T HH

BLK1157 |

BLK1231 HH

BLK1501 HH

Sample (2ul)

BLK263 i

BLK3111 H

BLK3381 HH

BLK3441 Sy

BLK4181 =

BLK499 (s ~o

BLK230-11 i

BLK248-21 HH

BLK249-21 HH

BLK4E2-21 ——

30 40 50 60 70 80 D 100 110
AMV-RT inhibition (%)

Fig. 4. Inhibition of AMV reverse transcriptase activity by cell-free
culture filtrate of microbial isolates. The results are the mean = S.D.

from three replications.
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2) Al AE YAIES H%Y reverse transcriptase A A&

AMV RTel w3t 85% ol Al Z4s vekd BLK268, BLKI115,
BLK418, BLK90, BLK39 59| & AHsglrt. A #79 FAX wg
of g 3|A3te, A uEo] W A3 S A=, 1 AT, 34 )
£o] FHagtel wel AMV RT A&l &40 S715s HAlthFig. 5). =, WA=
ARE O] s =7F S7Hghel whel, RT Asigrde] w3k Srfste], Asigd o

sk mAdE dARbEel Z]dsklivhar s e = Qi

120
00 | —e— BLK268
. —=— BLK115
8 I
< 80 —e— BLK418
° 60 | —e— BLKI0O
= —a— BLK39
5 40 |
_C
<
20 |
0 1
1 > 3 4 5 6
Dilution ratio

Fig. 5. Dependence of AMV reverse transcriptase inhibition activity on
dilution rate of cell-free culture filtrates from selected microbial isolates.

The results are the mean * S.D. from three replications.
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=
Ay F57 AAEE dAREE e 2% tidk kS XANEHY] 98]
AW 5 BLK39, BLK90, BLK115, BLK268, 12|31 BLK4189] A% wjek
oS 0T, 10C, 20T, 30T, 40T, 50C, 75C, 100C &XxolA Ztzt 14
7HEAE e 3 A8 Foll Folslis AMV RT A &8 SA33
1 A, Fig. 6 Yebd viel o], A Alm B5F 30Co|A+= RT Asi€

Aol AR ekt e MEe%7F 50T o)AY wlE=, BLKIO A5E A

o3 A8 BF RT AsidAdol 543 #a¥oer, BLKI0S! 4§ £ 2%
M= v HFAE Al FE FASEL AT AR oH] TtE ke w
2t Ao W3S Yehle A, RT As) Ao A5 93 qEUdS A

gelae 4= 3l

120
100 r
80
®
_g 60
o) —— BLK268
€ 40 |
|D_: —s&— BLK115
g 20 —8— BLK90
< —A— BLK39
0 -
—0—BLK418
_20 1 1 1 1 1 1 1 1
control 1 10 20 30 40 50 75 100
Temperature (C)

Fig. 6. Effect of preheating on AMV reverse transcriptase inhibition
activity of cell-free culture filtrates from selected microbial isolates. The
cell-free culture filtrates were incubated for 1 hour respectively at 0T

through 100C. The results are the mean £ S.D. from three replications.
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2. Frpolg 2N EF BAEF T4

1) 16S rDNA®| @714 <d £4 R Hlu
AMV RTe] A3 &Ade] % e FE59 16S ribosomal DNA 9714 4S
AA3sFal, NCBI Genbank?] BLAST nucleotide searchZ %3}¢], 16s rDNAZ
3tolst a2, nucleotide homology similarityS B]udle] wjxe] njAyE 27)
5

A3k, 1813, nucleotide homology similarity ®x A=

l

Gendoc ZEIHE& o]&3sto] YelAh(Fig. 7, Fig. 8, Fig. 9, Fig. 10,
Fig. 11, Fig. 12).

=iElE BLK39 w9 16S rRNA f3a d7ixds 248 23
(Fig. 7), BLK39+% Streptomyces sp. MP47-91 (EU263063), Streptomyces
sp. HBUM 172143 (EU158342)2} 99%, Streptomyces flavofungini
(EF571003), Streptomyces griseus strain 45H (EF571002)¢F 99%9 =&
AE5AE Bt T8, FEed BLK 90 #59 16S rRNA f:zF 47144
S BX3 Ay (Fig. 8)ol wW=W, Pantoea ananas (AB004758)¢] 16S
ribosomal RNAS®} 99%, Pantoea ananatis strain LMG 20106 (AF364844)%}
Erwinia ananas (U80196), Erwinia uredovora (U80209)¢] 16S rRNA %=}
AL 99%2 =2 FEeAS Bu. BLK107(Fig. 92 Pantoea ananatis
strain ESS29 (EF602556), Pantoea ananatis strain ESS12 (EF602555),
Pantoea ananatis strain S32 (AY741161), Pantoea ananatis (DQ517335)%}
100%9] “s4de Bt BLK 115(Fig. 10) strain® 16s ribosomal RNA
genes A3 A3} Streptomyces sp. SX-4 (AM889497), Streptomyces sp.
HB-4(AM889475), Streptomyces sp. BD-121 (AM889471)2]  ribosomal
RNA%F 99%°] =2 dsAds Ho. BLK268(Fig. 11) Uncultured
actinobacterium clone GASP-MB3S2 E11(EF665687) 16S ribosomal RNA
gene?} 93%, Uncultured bacterium clone FFCH13525(EU134989) ¥ 92%,
Uncultured actinobacterium clone GASP-MA3W2 E11(EF663788)% 93%,
Uncultured actinobacterium clone AUVE-04DO3(EF651133) 16S ribosomal

RNA gened} 92%9] A&sAdS HGlow, o]l ol 71A] HIHZA e 2Fd
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7VFeAdol =8 AAFSY. BLK418(Fig. 12)2>Streptomyces flaveolus strain
NRRL B-1334 (EF654098) 16S ribosomal RNA gene¥ 97%, Streptomyces
cinnamocastaneus (AB184588)3} 97%, Streptomyces  graminearus
(EF371437) strain 14318 ¥} 96%, Streptomyces coelicoflavus (EF063496)
strain 46832] 16S ribosomal RNA gened} 96%2 &S H AT}

Streptomyces %< EY Foix T3] LANHE A Fo|Y). Erwinia 9

o

Pantoea <& Enterobacteriaceae ¥ol 3= 13 A AldF=E, 2 EA 9

Mol 9 297t B
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BLE39

EUZ63063.
EU158342.
EF571003.
EFS7100Z.

FREER

BLE39

EUZ 63063,
EULlS8342.
EF571003.
EFS57100Z2.

RRERER

BLE3Y9

EUZA3063.
EULlS834Z2.
EFS71003.
EF571002.

BRRER

BLE3Y

EUZ63063.
EU158342.
EFS571003.
EFS71002.

BFrRRER

BLE39

EUZ63063.
EU158342.
EF571003.
EFS7100Z.

FREER

BLE39

EUZ 63063,
EULlS8342.
EF571003.
EFS57100Z2.

RRERER

BLE3Y9

EUZA3063.
EULlS834Z2.
EFS71003.
EF571002.

BRRER

BLE3Y

EUZ63063.
EU158342.
EFS571003.
EFS71002.

BFrRRER

BLE39

EUZ63063.
EU158342.
EF571003.
EFS7100Z.

FREER

BLE39

EUZ 63063,
EULlS8342.
EF571003.
EFS57100Z2.

RRERER

BLE3Y9

EUZA3063.
EULlS834Z2.
EFS71003.
EF571002.

BRRER

BLE3Y

EUZ63063.
EU158342.
EFS571003.
EFS71002.

BFrRRER

BLE39

EUZ63063.
EU158342.
EF571003.
EFS7100Z.

FREER

BLE39

EUZ 63063,
EULlS8342.
EF571003.
EFS57100Z2.

RRERER

Fig. 7.

740 i

& 860 A 8&80 A s00

AGTTCGGATTGGEGET CT GCAACT CGACCCCAT GAAGT CGGAGT CGCTAGT AAT CGCAGAT CAGCAT TGCTGCUGET GAATACGT T CCCGGEGCCTTGTACACACCGC

1400

CCGTCACGTCACGARAGT CGGTAACACCCEAAGCCGGT GECCCAACCCCTTET GEGAGGGAGCTETC

Nucleotide sequence alignment of 16S ribosomal RNA genes from

isolate BLK39 and other known species.
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z10
z1lo
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315
L5
315
15
315
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420
4z0
4z0
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245
945
945
945
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1050
1050

1155
1155
1155
1155
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BLESO 104
ABOD4758.1 104
AF364544.1 105
ug0l9e. 1 104
usozo9. 1 104
& 120 *. 140 * 160 * 180 bt 200 %
BLESOD A 209
ABOD4758.1 209
AF364844.1 210
ug0l9e. 1 209
usonzo9. 1 209
BLESO 314
ABOD4758.1 314
AF364844.1 315
ug0l9e. 1 314
us0zo9. 1 314
BLESO 419
ABOD4758.1 419
AF364844.1 420
uB0196. 1 419
ug0z209. 1 419
BLESO 524
ABOD4758.1 524
AF364844.1 525
ug0196. 1 524
uB0209. 1 524
BLESO 629
ABOD4758.1 625
AF3645844.1 629
us0196. 1 628
uB0209. 1 628
BLESO 734
ABOD4758.1 733
AF3645844.1 734
us0196. 1 733
uB0209. 1 733
BLESO 839
ABOD4758.1 838
AF364844.1 839
us0196. 1 838
ugoz09.1 838
BLESO 944
ABOD4758.1 943
AF364644.1 944
ug0196. 1 943
ugozo9. 1 243
BLESO 1049
ABOD4758.1 1048
AF364644.1 1049
uB0196. 1 1048
ugozo9. 1 1048
1060 Ed 1060 i 1100 ol 1120 ol 1140 il
BLESO A 1154
ABOD4758.1 1153
AF364844.1 1154
uB0196. 1 1153
ugozos. 1 1153
BLESO 1259
ABOD4758.1 lz58
AF3645844.1 1259
uB0196. 1 1258
ugoz09. 1 1258
*. 1250 *. 1300 . 1320

BLESO 1319

ABOD4758.1 1318

AF364844.1 1319

ug01l9e. 1 1318

ugozo9. 1 1318

AGTAATCGTGGAT CAGAAT GCCACGGT GAATACGT TCCCGGGCCTTGTACACACCGCCCE

Fig. 8. Nucleotide sequence alignment of 16S ribosomal RNA genes from

isolate BLK90 and other known species.
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BLK107 105
EF602556.1 105
EF602555.1 105
AY741161.1 100
DQ517335.1 105
BLK107 210
EF602556.1 210
EF602555.1 210
AY741161.1 205
DQ517335.1 210
BLK107 315
EF602556.1 315
EF602555.1 315
AY741161.1 310
DQ517335.1 TCT( TG? GC T TGAG TACG! eje] G GGA T( CGC( C TS 315
TCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCAT

BLK107 420
EF602556.1 420
EF602555.1 420
AY741161.1 415
DQ517335.1 420
BLK107 525
EF602556.1 525
EF602555.1 525
AY741161.1 520
DQ517335.1 525
BLK107 630
EF602556.1 630
EF602555.1 630
AY741161.1 625
DQ517335.1 630
BLK107 735
EF602556.1 735
EF602555.1 735
AY741161.1 730
DQ517335.1 735
BLK107 840
EF602556.1 840
EF602555.1 840
AY741161.1 835
DQ517335.1 831

TTGTTCCCTT(

*

BLK107 HEICGG AR : 8 S
EF602556.1 [CGG € : 858
EF602555.1 [CGG : 858
AY741161.1 oelel : 853
DQ517335.1 : =

cgggggcccgeacaageg

Fig. 9. Nucleotide sequence alignment of 16S ribosomal RNA genes from

isolate BLK107 and other known species.
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BLK115

AMB889497.1
AM889475.1
AB045878.1
AM889471.1

BLK115

AM889497.1
AM889475.1
AB045878.1
AM889471.1

BLK115

AM889497.1
AMB889475.1
AB045878.1
AM889471.1

BLK115

AM889497.1
AMB889475.1
AB045878.1
AMB889471.1

BLK115

AMB889497.1
AMB889475.1
AB045878.1
AMB889471.1

BLK115

AMB889497.1
AM889475.1
AB045878.1
AMB889471.1

BLK115

AMB889497.1
AM889475.1
AB045878.1
AM889471.1

BLK115

AM889497.1
AM889475.1
AB045878.1
AM889471.1

BLK115

AM889497.1
AMB889475.1
AB045878.1
AM889471.1

Fig. 10. Nucleotide sequence alignment of 16S ribosomal RNA genes from

isolate BLK115 and other known species.

CCGCAALLLERAAACT“AnACqP

105
105
105
102
105

210
210
210
207
210

315
315
315
312
315

420
420
420
417
420

522
522
522
519
522

626
626
626
623
626

731
731
731
728
731

836
836
836
833
836



BLK268
EF665687

EU134989 :

EF663788

EF651133 :

BLK268

EF665687
EU134989
EF663788

EF651133 :

BLK268
EF665687

EU134989

EF663788

EF651133 :

BLK268
EF665687

EU134989 :

EF663788

EF651133 :

BLK268
EF665687

EU134989 :

EF663788

EF651133 :

BLK268
EF665687

EU134989 :

EF663788

EF651133 :

A

220 *

aAGCGTTGTCcGGATTTA

GCGT

ATCCCGC

CTAGGHCTG CTCCTTTTjyeR
GGaTCTAGG CTGTaAACTCCTTTT

24

TGGGCGTAAAGAGCGCGTAGGCGGt TGTTAAGTGtGaAGTGAAAtCTCCaGGGCTCAACCCGGAAA

GGGA

0 *

GTGGGtAGCAAACAGGA

T , T
gTACGGCCGCAAGGTT

GAATAAG aCcGGCTAACTaCGTGCCaGCAGCCGCGGTaAGACGTAGGGT C

260 * 280 * 300

GGCG.

TGGCGAAGGCAGC

oy : 579
GAAACTC

TH T/

* 320

T CAT| T

ACTGGgCaTtATCTGACGCTG

Fig. 11. Nucleotide sequence alignment of 16S ribosomal RNA genes from

isolate BLK268 and other known species.
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BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

BLK418

EF654098.1
AB184588.1
EF371437.1
EF063496.1

Fig. 12. Nucleotide

isolate BLK418 and other known species.

GGAATATTGCACAATGGG

GCCCTGGAAACGGGGTCTAATACCGGATACtgACC GCC

855
855
854
857
857

sequence alignment of 16S ribosomal RNA genes from

GGCGGGTCGAAAGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGG

ATCGGAATTCCTGGTGTAGCGGTGAA

AAuAGGATTAGATACCCTGG

CCGCCTGGGGAGTACGGCCGCAAGG

103
103
103
105
105

208
208
207
210
210

313
313
312
315
315

418
418
417
420
420

523
523
522
525
525

628
628
627
630
630

733
733
732
735
735

838
838
837
840
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2) NAES Fg #F
A= BLK39, BLK90, BLK107, BLK115, BLK268 18|31 BLK418%
Bennet's agar #jA|ol HEsta 27CoA 7~219%7F w3t & ASAE 7|
A2 FEtEEe e 2 Az 58 dEelon, 2143t wjetsie] A e
o] #AE 1¥H(Gram) Akl F3t dw|H o2 HA S HFig. 11, Fig. 12).
Aed ARz ARE 67 dFE FdHACR AR des & 7 dden,
14 $o] FrAn A ow wEste 42 FH EEFS FFA AT

=i
H

[d
o

o
1

i

fo
i
flo

e
AN

v}, 23 Ao A BLK39, BLK115, BLK268 1] i BLK418&
2 A WhSS Belon BLKI0¥ BLKI1O7S 13-4l Al HH)

ol
rx
o

Ein

il

UERERITE o] 16S rDNA @714 G824 Avtel A3}

Fig. 11. Colony morphology and light—-microscope image of the microbial
isolates BLK39 and BLK90 on the Bennet's agar.

A : BLK39 on the Bennet's agar. B : BLK39 after Gram's stain.

C : BLK90 on the Bennet's agar. D : BLK90 after Gram's stain.

_29_



Fig. 12. Colony morphology and light—microscope image of the microbial

isolates BLK 107, BLK115, BLK268 and BLK418 on the Bennet's agar.

E :
G :

I

BLK107 on the Bennet's agar.
BLK115 on the Bennet's agar.

: BLK268 on the Bennet's agar.

: BLK418 on the Bennet's agar.

F :

BLK107 after Gram's stain.

H : BLK115 after Gram's stain.
J
L : BLK418 after Gram's stain.

BLK268 after Gram's stain.
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IV. 8.9F

%91 reverse transcriptase(RT) A& &S =A&3)

Aol Ab&¥ 30001F e #F F 87%7F AMV RT A& @40 e Ao
2 Yesth RT 24 Aslste dARbES Aists 75 A7) $shd]
1IAH4 02 60% ©l’de RT Aa&S Hed #4575 d=s3
AZejFds ALg38led, RT &4 A8 23s w5 #3539
4o BLK268°] 98.7+ 0.3%, BLK1157} 97.9+ 0.2%, BLK418°¢] 97.9+
2.7%, BLK338¢] 95.9+ 1.6%9 o= %o Al &4<S ekl BLK311,
BLK90, BLK462-2, BLK248-2, CB249-2, BLK107 80% ©]4¢ A&l &4
S B3on, BLK4, BLK86, BLK123, BLK39& 70% ©]4¢] A&l A4S e
Wk I Tl A= 85% ol A& &4 vErd BLK39, BLK90, BLK107,
BLK115, BLK268 “1¥]3 BLK418 &5 6%9 w58 2342 AHsiqit.

AEE Ao FAE wjFe]dS sjAete], Aol mE A S =
Abstd e, 2 A3}, 34 wj&o] Al wa AMV RT A &40 7138
S ®Bh agla o] gFEe] AAstE wlYgd T tAREEY] 2% g <t

AAAE AT 0TolA 30T =XoA= RT A3l €4do] Adgle] 74
Aoy, 50T de 2o s 5438 #Hashe 43S Btk ¥bd, BLK9O
TTE 52 22oAM% vy okgdd A3 &4 e

AMV RT9 A3 &Aool =& #F BLK39, BLK90, BLK107, BLK115,
BLK268% BLK418 55 4317 ¢ste] 27t 16S rDNA 7| A9S 43
o Hwsr. 1 Ax, EEF BLK39, BLKI115, BLK268% BLK418&

Streptomyces species®t 96% ©o]4e A BHoomw, 33, BLKIOZ

f
offt
o,
o

BLK107& Erwinia % Pantoea $°.% 1
o5 Al e EALS 16S rDNA G/ G A 3 A=) 643t
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99} 7ol retrovirus =2 =4A
st UIAREE S Abele MldS B2 450, oz vAE ARz
reverse transcriptase A7 ALFE ] g5k Ao gk AT 8

e}

o] reverse transcriptase®] A< A 3f
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