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Ratchaniwan Jeamseang 2008: Cloning and Studying Function of aroE Gene in
Shikimate Pathway of Streptomyces venezuelae. Master of Science (Genetic
Engineering), Major Field: Genetic Engineering, Interdisciplinary Graduate Program.

Thesis Advisor: Associate Professor Arinthip Thamchaipenet, Ph.D. 91 pages.

Streptomyces venezuelae produces chloramphenicol which is synthesized via shikimate
pathway. Shikimate dehydrogenase (encoded by aroE gene) is one of the seven important
enzymes in shikimate pathway. The aroE gene of S. venezuelae was amplified by PCR and used
as a probe to hybridize the genomic fragments. Positive fragment of 1.5 kb was subsequently
cloned and sequenced. The C-termimal aroE gene of S. venezuelae consists of 525 basepairs
encoded 175 amino acids and its protein was closely similar to that of S. pristinaespiralis ATCC
25486. Intergeneric conjugation between S. venezuelae and E. coli ET12567 (pUZ8002/pSET
152) was conducted in order to develop a plasmid transfer system for gene disruption. The
optimum condition for conjugation to occur was when either pre-germinated spores at 40 °C for
10 minutes or 12-24 hours old mycelium of S. venezuelae was used as recipient to mate with .
coli on TSA (Oxoid) containing 10 mM MgCl,. Maximum frequency of conjugation was
observed at 10 exconjugants per recipients. The exconjugants showed identical integration
pattern of pSET152 into their chromosome and maintained stable morphology and antibacterial
activity as the wild type. The attempt to verify the aroE gene function was achieved by gene
disruption using the optimal conjugal condition to transfer pATT803 (pSET151 harbouring
aroE PCR fragment) into S. venezuelae chromosome. The mutants could not grow on minimum
medium lacking of tryptophan, tyrosine and phenylalanine. Furthermore, the mutants could not
inhibit E. coli JIM109 which is sensitive to chloramphenicol. The cultures of mutants were then
characterised by HPLC and revealed that choloramphenicol was drastically reduced comparing
to that of wild type. The aroE gene disruption was essentially verified by Southern blot
hybridization. The results of this study indicated that aroE gene is involved in shikimate

pathway that leads to the production of chloramphenicol in S. venezuelae.
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nidulans, Mycobacterium tuberculosis, Ws S. cerevisiae NUNHANUNLBUN LN (Garbe et
4 o 1 v W .

al, 1991) Iﬂﬁlﬁlu B. subtilis L’O‘L!Vlclm DHQS 39NN IUITINNUNY chorismate synthase LI
NADPH-dependent flavin reductase (Hasan and Nester, 1978a) Tagnu UsN upstream U8

= A A 3 ~ dy o 1 £ A 9
U aroB ABYU aroF Tﬂﬂmﬁmﬂumﬂumuwuwm supra operon ‘I/]‘]Ji$ﬂ’ﬁ]‘]J@’JEJ aroFBH-

trpEDCFBA-hisH-tyrA-aroE (Babitzke et al.,1992)



I‘T“Clﬁ.l-l
J-E.\}
B0 ToH:
l::JHI H
. !
Hhﬂ'h/\lA'}
|'.:|'H
aroF,
Hard
aroG, wr_l__.p.l
aroH
IIE"'\.
(B0,
Cay’ : oH
CH
B
aro. P
r
B, JLC0OH
T
|
aroD,
L0
aroQ
CiMIH
'ﬁﬂ@\em
HH

Phaphueisl gyrpivile

Ervifriose & phaspinie

L Deaxy-o-arabine-tmpdulosunate
T-gimaphace | DAHF synthase
IEC 41,218

Jelreamy-praradino-bepdulosonale
T-phniphule

S Denvdrogwinnte symikamne
EC £.8.13§

J-Dehydroquinsts

3-Debivd inpuinare deiyveaise
|EL4.2.1.10)

JaDedivdrosmikimnoce

2 aa
MWN 2 35 shikimate 14 E. coli

Halp
aroE \[

Hy T oH
]

AT
arok, r

aroL

LU0

BF=c” 7 oM
H

Shikisenle demed ropemase
[E"E 1.1.1.2%}

Shikimare

Shikimare lunase
(ECLT.LM)

Shikimare 3-phosphaie

5-Ennlpy ruvyishdkimace

S-pharphnee (EFST) pontase
R X5 0000 .

QL
I Enalpyrut e lshibintiod o
3-phusphsle
Al

Py 7 o=
UH CO0H
aroC - Choreemmpte synibnee
'E 1EC 4.6.1.45

Ca0H

| Cherismare

__._.___I'.-i-l,.

B E iy
BT Conn

(1) 3-deoxy-D-arabino-heptulosonate 7-phosphate synthase (aroF, aroG 18 aroH)

(2) dehydroquinate synthase (aroB) (3) dehydroquinate dehydratase (aroD L% aroQ)

(4) shikimate dehydrogenase (aroE) (5) shikimate kinase (aroK Uae aroL)

(6) 5-enolpyruvyl-shikimate-3-phosphate synthase (aroA4) (7) chorismate synthase(aroC)

31: #au1)ag91n Herrmann (1995)



Dehydroquinate dehydratase (EC 4.2.1.10)

dehydroquinate dehydratase (DHQD) 9¢nszdumsilasulnseaiiaves s-
I L4 ] I a

dehydroquinate 18134 5-dehydroshikimate Taetou la3] DHQD taisoonilu 2 sila Ao type I

= A 1 1 9 [ L4 = FY
18 type 11 1a® type I DHQD Hniauiia linuaoanuion dunsiziaintu aobd wulalu

A A ™ ] = EZ) 1 9 [ o =
uunfiiFen 1 15U E. coli 102 type 11 DHQD Higuaniianuaonnuion dunsiziaindu
Y A Ada Ay . 3 ' J a . £
aroQ UnWUTuFINFIAN 1Y quinate iTuunasmsvoulun1saTay (Galina er al., 1998,) 4
g} o v % < ' .
subunit Y94 type I DHQD Hihwivin Tutanaiszunas 16,000 aradu aiivunaiannii subunit
I Y
U84 type I DHQD Iag1nmsaAnynynluervinsnians quinate 14 Acenetobacter
calcoaceticus (Ingledew et al., 1971) 4ag Pseudomonas aeruginosa (Ingledew and Tai, 1972) Y
Y 9

MIFUATIZH DHQD 114 2 wiavundousu ualu M. wberculosis (Grabe et al., 1991) 1ag

Streptomyces coelicolor (White et al., 1990) nuigaon lad type 11 DHQD 11111i U
Shikimate dehydrogenase (EC 1.1.1.25)

shikimate dehydrogenase (SKDH) $189n5121¥119108U aroE ¥ 1¥ifan1s3adves
S—dehydroshikimateblsglj!ﬂu shikimateiﬂm’ﬂuhl“]fﬂ'f:ﬁ”lxﬂufﬁmfqﬁJ NADPH ﬁgﬂuTﬂuWﬂmaimz
o laliigaimemaunudoundu Tasaunsn s shikimate Wuaisdadu1dde Taonuh
SKDH L'ﬂuiﬂ sauuuu T Tumoes (monomer) U Rhodococcus rhodochrous (Bruce and Cain,

1990), N. crassa (Barea and Giles, 1978) Ua% A. nidulans (Hawkins et al., 1988)
Shikimate kinase (EC 2.7.1.71)

shikimate kinase (SK) iflutou lmifinszdumsnlasuTnssadisues shikimate 1vfoglu
31904 shikimate-3-phosphate Tassunoamau191n ATP 1u E. coli 11114 shikimate kinase
= a A . . : ¢ o
20N11)1 2 ¥UA AD shikimate kinase T (aroK) t4ag shikimate kinase II (aroL) Tageu lainaaeq
k4
vz lignAauqulag feedback inhibition (DeFeyter and Pittard, 1986) tawnIou lasaitilu B

v
subtilis ) néEa Tae chorismate LAY prephenate (Nakatsukasa and Nester, 1972; Nasser ef al.,

1969)



S-Enolpyruvyl-shikimate-3-phosphate synthase (EC 2.5.1.19)

5-enolpyruvyl-shikimate-3-phosphate synthase (EPSPS) ﬂizé’uiﬁlﬁ@mﬁm AUV
shikimate-3-phosphate 1122 PEP 1¥ogluzilues EPSP 0w lasiiignduns s andu arod
dm5uMsiauves EPSPS °Luﬁ%wuinau"l«vﬁﬁ%gﬂﬁugﬂm glyphosate [N-
(phosphonomethyl) glycine] ‘ﬁlndJu broad spectrum herbicide (Amrhein et al., 1983) e lu
UUATIZY Pseudomonas Lﬁa‘unﬂmﬂﬁuﬁ:ifuwuduau"l«vﬂfiﬂz"lajgﬂﬁ’ué'?ﬂﬂﬂ glyphosate

(Schulz et al., 1985)
Chorismate synthase (EC 4.2.3.5)

{ < $ o
chorismate synthase (CS) 9¢N3 zs?jumi 1/aeu EPSP l1l3)u chorismate iy
a o J 9 an . N A v o o’dyd o’dy o
Wﬁﬁﬂﬂl“ﬂﬁ;@lﬂ?ﬂﬂlﬂﬂ?ﬂ shikimate Tﬂﬂﬂu‘ﬂllﬂﬁiﬁﬁ!ﬂu!@uq“ﬁmuﬂ'ﬂ aroCmu"lﬂmmﬁ]zmam
SR FMN %39 FAD (Izumi ez al., 1993) Tagy B. subilis 10u'la3] CS 9z3h1amusuiusy
1 Y
o T3 DHQS it NADPH-dependent flavin reductase a0y flavin reductase TUT AU

#8135 A2% FMN tag FAD 19y CS (Hasan and Nester, 1978b; Haslam, 1993)

(% d d
MIANBIEN aroE Tumsvans1zriton 13 shikimate dehydrogenase

shikimate dehydrogenase (EC 1.1.1.25) Lﬂmau"lmmuﬂﬁﬁ?mﬁ 4 49990 shikimate
(i 2) Taeildinansdnelalasouain NADPH filuTauames ninasueudumian

5UD 5—dehydroshikimatebl@9‘|1 L‘]dJ‘L! shikimate (mwﬁ 3)

COOH COOH
+ NADPH + ®I+ == -+ NADP'
= ..
O OH HO OIx
O O
S5-Dehydroshikimic Shikimie acid
acid

H aan o L4 . .
NN 3 ﬂ;]ﬂSEJWﬂ”ISVINWWUfNL@u”lmJ shikimate dehydrogenase
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U aroE BuTiMsANEINTUR2UUN E. coli WAhswadmsy Arok (shikimate
dehydrogenase) 11 Tnama) Inden 272 nsaeziiTu 1 Tasea1uily monomer T
Tmaqa 29,380 A1afU (Ian and Coggins, 1988) FUREINY H. influenzae (Fleichmann ef al.,
1995) el N. crassa 193193 shikimate dehydrogenase 931191130 UoU T3]

dehydroquinate dehydratase (Smith and Coggins, 1983)

. Y o A =< . & g A A A o
‘L!’Oﬂinﬂﬂlu E. coli Lm’JENiJﬂ15ﬁﬂ‘]sﬂGl,u M. tuberculosis GBQLﬂULLﬁJﬂTILi‘(’JLLﬂi?J“]J'Jﬂ‘VWH
Y a @ A o Qy ~ ' Y an Y A 1 Y
Gl’mﬂﬂiiﬂi]miiﬂ IﬂﬂlWlﬁ]1u’Ju“Ku€Juﬂlu1@ 810 ﬂlﬂﬁ A2897 PCR UQAUBDOUNDIUINUN
a & o . 1 1 9 1 ' A
aduA pET23a Failu expression vector NOUDYUG E. coli BL21(DE3) WUNEIWNTUNUNT
Y] Y g‘ o [ Ao w a
uﬁmaanuazﬁﬂmau”lcvﬁ"lﬂumuﬂimaQamum 27,200 A1aaU Tﬂﬁllla1ﬂﬂﬂiﬂ@3h1u 11
o w { . I 4
819U15nN1/a18 N-terminal 13114 SEGPKKAGVLG (Fonseca et al., 2006) HAZIBNAADUNI
o 4 Y] a A A 421 Aaaa 1 d o 9
‘VINWH"]JENL’OHVI,%MT@&'JW]Jill'lm"lJEN NADP mwmuiuﬂgﬂim WU'J1L®UU1G]53JTI1\11HU1@3J'Iﬂ
2 A A o o o M o
YU 511 mamsmfmmivnﬂumﬂmﬂwuﬁl”lm”lﬂﬂ (Magalhaes et al., 2002) Tagtow lasidi

a

ansasien 187 pH 9-12 ﬁqmwgu 63 °C Iag01s NADP (Zhang et al., 2005)
msuSsuieudidunsaezii Tufivhsitalaedu arol 1w M. aberculosis Tag
nSoufeudwunsaezii Tuves M. wberculosis @10WUg H37Ry ROV E. coli, M.
tuberculosis CDC1511, M. bovis AF2122197 1iag M. leprae TN NUNTANUHLDUTY 24, 86,
85 1A 70% MUAAL (Zhang ef al., 2005) Tﬂﬂww?nm@u%ﬂﬁﬁ Gly61-Lys69 «?qﬁgﬂgguu
1311 G-X-(N/S)-V-(T/S)-X-P-X-K Lmzﬁqwuﬁﬁuaﬁﬂﬁﬁ' Asn90, Asp105 1ag Glu259 Tagns
Tudrvouou lriilsznoudie -helix, -sheet, -turn A% random coil 29.2, 9.3, 3.2 1A 28.8
WosIFUAMNSIRY (Zhang et al., 2005) 1A8 AroE Y09 M. tuberculosis H37Rv 1 1asaaiiaiiy
dimer ﬁymﬁﬂimaqa 58,367 A1AAU 1130 27,076 AAAUABLAAE subunit F361991 E. coli
(Chaudhuri and Coggins, 1985) L8 H. influenzae (Ye et al., 2003)17i1ﬂ5§m°ﬂmmu monomer

o 9 U Y Y 9
da'ldnan1Adadu

1 y =2 o o o Y a ~
G]’EHJ1'1@]%ﬂTiﬁﬂ‘]sl1ﬂ15ﬂ1ﬁ1uﬂ]@ﬁlﬁ]u1%ﬂi@ﬂﬂ?iﬂ'liﬂlﬂ@ﬂ?iﬂﬁ'lﬂmﬂ\‘lﬂu aroE Glu

A

AAa Ao Y a Y 9 o Y a ad
nuaseni lvina lsaveuluuie a1 Ao Xanthomonas oryzae pv. oryzae MIAMIHAATN

]
= A

a . { Y 2
INANIINE T xanthomonadin AN ﬂ’liﬁﬁﬁaﬂa\uuaqi]’]ﬂjﬂ5\31751\1‘1]@\3’3\1““’3‘”@15“’]@ﬂcl,u

. AN Yo as . a A dy
xanthomonadin ‘ﬂulﬂiﬂiﬂiﬂﬂﬁﬂ shikimate mﬂﬂmﬂaﬂuuﬂaﬂﬂ UDNIINUNITNANYVDN aroE
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v o q Y ' v ¥ y & = g o
gailinnuguesalumsne Tsnveuluuialuvianasaie dannmsanytidluilss Tl

pg 1N lumswane)sudagiiy (Goel et al., 2001)

dyo/ P =3 = . . 2
wennnid AN IAREIEY aroE T Helicobacter pyroli (Han et al., 2006) 54111
a A A o Y a L4 o = = o w
LL’]Jﬂ‘VI!,3EJL!,ﬂﬁJﬁﬂﬂﬂ?ﬂlﬁlﬂﬂiﬁﬂﬂluﬂﬁ%!‘WT%@Tﬁ'ﬁﬂJ@\iMHHEJ Tagihmsiseuinovainy
a v [
N5A0Z TUV0I H. pyroli @VIWUT SS1 N E.coli, H. influenzae, Neisseria meningitides, M.
jannaschii, Archaeoglobus fulgidus Wa& M. tuberculosis wuIuMieunu (identity) 31, 31, 33,
I, o w A = o o 0 ¢ )
30, 30 1 26 L‘]JE]?LGB‘L!G] AUy Lm%!ll@ﬁﬂ‘hl’lﬂ1§fJ'i.IfJ\?ﬂ1§TI'I\TI‘L!"lJE]\H’0uVlGIﬁJ Iﬂﬂﬂlﬁlf
a J 1 v 7
dehydroshikimate analogue ©a18¢] FUA WU NYUUDY polyphenol LaE T1TDYNUTUDY
E4 ) 4
[ o . a 1 4
chromene @1UNTDYVYINITNIIUVUBY shikimate dehydrogenase 15 Lﬁmmmﬁﬁ”lnwuﬂlumwﬂ
= v o g ad A K ' s 2 2 o ' s
ma‘mmit’mmmu"lcmel,u’mumvlumwaﬂiwwmmgyﬂ Glf\‘li]'lﬂﬂ'l'iﬁﬂ‘]sl11!‘1411‘]J’§1“]J5$1‘(’J‘11u

TumswanmswanelgFugeo i

Y o A A A an . A o Y A Y o A
UDNAN AroE ummﬂﬂmuauima quinate NNIUUINAANYNU AD NAD-
‘o , .
quinate/shikimate dehydrogenase (EC 1.1.1.282) NdunsIZHINIU ydiB 1199910 shikimate
. 3 = 9 A FY o 1 o =\ = 1 A A 4 o A
LIS quinate uuiﬂﬂiﬂﬁiN‘ﬂﬂﬁTﬂﬂumTﬂ G]NﬂL!LWﬂﬂﬂﬁlluulﬂﬂﬁﬂﬂ“ﬁﬁﬂﬂ”ﬁﬂﬂHGI”ILLWIN‘VI 1
. . £ ax [ A A 4 = 09}/ 9 4
VD4 quinate (Michel e al., 2003) “ﬂﬂ?ﬂﬁﬁﬂiﬂl!ﬂﬂﬂlﬁﬂ Yae 31 LAasNEUU %ﬂmau”lw
. I ¢S o = 9 . . I
shikimate dehydrogenase Wueu'lysivian wazinig 19 quinate/shikimate dehydrogenase 11l
L4 a A a = . '
L@uulcﬁiliﬂﬂﬂlullﬂﬂﬂLﬁEJ‘UN‘If‘Llﬂ INNIANYIVDN Giles LagAME (1985) Wmﬂuimaz
a 09)1 I J 4 {
nuAREeU19¥iaa 1115019979 quinate a2 shikimate Wunrassvenld Tasazlasy
. Y I . an . dy
qulnateclm‘ﬂu protocatechuate, succinate {Q1& acetyl CoATagnuID quinate Hlu . crassa, A.
nidulans (Grant et al., 1988) 1azdawu3ims 14 quinate Tudisvareyiia 1dun uasen (Refeno

et al., 1982) DAY (Kang et al., 1994) 11udu

NADPH-shikimate dehydrogenase (EC 1.1.1.25) 1ta& NAD-quinate/shikimate
o Aaaa ~ . I . 9
dehydrogenase (EC 1.1.1.282) ﬂ1ﬂaﬂiﬂ1ﬁluﬂ1ilﬂaﬂu dehydroshikimate 111 shikimate 14
milouiu uadatuiansdesduues NADPH-shikimate dehydrogenase 11U3 11160 5-
dehydroshikimate (MW 3) uaton lo i NAD-quinate/shikimate dehydrogenase 9214 3-
dehydroshikimate Wumsdadu (Mn 4) 1a g1ou 3] shikimate dehygrogenase U114

1 Y 4 J y A
saunuten Lo NADP-dependent glucose dehydrogenase Tﬂﬂiﬂﬂm‘iﬁﬂ‘lﬂ1W‘]J’J1Lﬁ®LW3JﬂQIﬂ’L‘T
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Tums ‘ﬁT}Jf] Aseveaen lai NADP-dependent glucose dehydrogenase ﬂﬂﬂfj 11 shikimate

' = i g i ) 3 <
dehygrogenase WUITTNIT alaeu dehydroshikimate 11U shikimate 1 100 o3 i1FuA
1499910 NADP-dependent glucose dehydrogenase 61413 ai l¥inams regenerate Y93 NADP

ilu NADPH minm3ulavung Ina iflung TaTuuan Tau (Adachi er al., 2003b)

shikimate

M 4 UfAsemsiauveaeu el NAD-quinate/shikimate dehydrogenase

#1301: Lindner (2005)

Tu3n quinate 1woend lad quinate T 3-dehydroquinate, 3-dehydroshikimate tia
shikimate MUEIRY (MWA 5) G intermediate 1AeIU113D shikimate 18 quinate 3150
Fun31z4 18 Tasmsi)asu shikimate 1514 quinate Taete '] quinate hydrolase 13 o11/ae

. v g ) ¢ . g A
dehydroquinate 1%11u quinate Tagtou laa] quinate dehydrogenase Tagtow lasifienunsanlaou
. Y 1< . Y1 oo & n’dy 1 d 1 1 A
quinate NAUNNTIU 3-dehydroquinate AUy Fuou laitiudailu 2 ngu nquusn Av
NAD(P)-dependent quinate dehydrogenase 1 NADP-quinate dehydrogenase (EC 1.1.1.24) f
FUNIZAD quinate 111U (Mitsuhashi and Davis 1954) 1182 NAD-quinate/shikimate
[ Y v
dehydrogenase (EC 1.1.1.282) Aansalen quinate tt81¢ shikimate Auensdadu (Michel et
al., 2003) ﬂtj:mﬁﬁ 849 A0 NAD(P)-independent quinate dehydrogenase Taals pyrroloquinoline
quinone (PQQ) 111 Taumlmaasuni NADP) Tasnuiou lsif PQQ-quinate dehydrogenase (EC
[ k4
1.1.99.25) i) membrane-associate dehydrogenase 1 Acenetobacter calcoaceticus (van
k4 [
Kleef and Duine, 1988) Ha491nHUNINT SIGI 3-dehydroquinate Y 3-dehydroshikimate
Tagowu'l43] dehydroquinate dehydratase 15U1R8TUID shikimate &390z 11/a81 3-
dehydroshikimate 31 shikimate Taaio1 layd NAD-quinate/shikimate dehydrogenase (Adachi er

al., 2003a)



HE)D

Chlorogenate I OH
I OH
HO. ' _.COOH

- OH
oH

HO
$h 2 ag
/ Quinate \‘.<: )]

"COOH
HO.. _COOH

nurr-—-gj\ —t ——= EPSP
o - OH HO™ ™~ OH

OH OH

Dehydroguinate Shikimate

H,O

COOH / @

@ NAD

o - OH

OH
Dehydroshikimate

@l

COOH
HO

OH
Protocatechuate

Succinate, Acetyl CoA

MWN5 39 quinate
(1) quinate/shikimate dehydrogenase (2) 3-dehydroquinate dehydratase (3) quinate
hydrolyase (4). 3-dehydroshikimate dehydratase

#31: Herrmann (1995)
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Streptomyces venezuelae
anbaziali

I 1 v o
Streptomyces venezuelae WunuanGaunsuun agiuauﬂu (Order) Actinomycetales
4 I 1 a
1A (Family) Actinomycete (Hunuaiizondoan1se1nalunisndsy (aerobe) 9a1sllsznou
a 4 a I 1 4 o a a
sunsdvareyiaiuuvasnsvoulumsad 1 anasnuuaz Mgy Strepromyces INSITHY
3 Y Y & = ' a . = Aa o = A 7
Hwduleadowest Soni ludaey (mycelium) Taeii9¥inaanini 6 woaillessenuu
< s 9 ) v R A o A =Y 1 9 A A
011150l lod M UBaAA UAI911ITFaN I 1dU T80T NUNITUANNY (branched
. A4 a g A a Y 9 £ Y .
substrate mycelium) taztionigaunvzinsaudulegyuisoninduloona (aral
. o
mycelium) F9zlimsainalosogndatevouduloonia (Williums ef al., 1989) 910
] 1 1 I
MSANBINUN Strepromyces aauInajll 1as Tu Taaniluduasa (inear) (Birch ef al.,1990) 1)
= a2 A J I 4
A Tundszune 8 nzud (Huang ef al., 1998) 415011 G+C Uszunm 72 1Wesigua

(Williums et al., 1989)

&

%
L

¢

MNN 6 1995FINVBY Streptomyces

3N Kieser ez al. (2000)
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U

ANNAINTY
= o % 1 a Aad a A
Streptomyces venezuelae :ummmﬂﬂumﬂ1m1ﬂ1uﬂ15wmmaﬂgmumaamuﬂuﬂaa
£ wa Y = . . . . ..
Fadautialumsdrnuanisounsuay lagmne lu Shigella sonnei Qg Rickettsia prowasekii
. Ao q v o ) )
(Ehrlich et al., 1947) wannildalylumssaulsalnnesadndie (Woodward et al.,1948) %
aa I a Ada 9 | . . £ Yo . A
AasusuNtnea Lﬂuﬁﬁﬂﬁﬂgiﬂliﬂﬂ‘i\‘lﬁ“ﬂ\‘llﬂu aromatic ring Glmhlmmnn chorismate #111)u

a o o Y an . A
NAANUNTANIIVUDY 1D shikimate (DIWN 7)

nnmsanunaousuiinoaly S venezuelae WuNMINAABUIUNTIADA A IW1TD
[ 3 dy S A Y d‘ ara 09)1 [ ng o 4
gudursuuanGeunsyan'ld esnnaasusuiaeaiiulUdudimsirauveaou T
. . d! = o o o aa dy == td' =Y
ribosomal peptidyl transferase FaUANUAIAYTUMIAMTIFIAVOUTOLUANITE NINAABLITUN
a [ 3 dy IS a d’ 9 J = J 09)1 d’ =
HneamusadudursuuanGertinou laua TNaas S. venezuelae 091U 1119911910HAT
a 1 H ara 5 a -4 Jd
wuriyvlemai Twanavesnaousuiinea Funadu Iagou laal chloramphenicol

' 2
phosphotransferase (CPT) ¥4 S, venezuelae NuAoAaONIUTHADAN AT 191104 (Tzard, 2001)



COOH COOH c-0-AMP
cooH CmlB cood CmiD Hy CmiC g;? "’N'gﬁz CmlK H:N-g,
HOOC,.C.COOH
PPi
5t £ X . Ll S ul
0" "COOH Q" "COOH
OH NHp NH, NH, NHy NHa
Chorismic acid ~ 4-Amino-d-deoxy 4-Amino-d-deoxy p-Aminophenyl ~ P-Amino
A chorismate prephenate pyruvic acid phenylalanine l
‘:shlkirnnto ath 2
! pathway ¢-s—-PCP
: HZN-CH
: CH,
OH COOH Q
OH NHz
el beta-hydroxylation l
COCH
HoN-CH
HC-OH
NH,
p-Amino
phenylsenine
ATP
( Adenylation
domain
PP
8 Glucose QO.ANIH:
\] halogenase éEOH CmiP
Dichloroacetyl CoA
NH,
.acyliransferase l Thiolat
olation
HzN‘O‘S'PCP >\hmam
HC-0OH
Q
 GHaoH 4 GH2OH CH
CI2HCOC-N-CH CILHCOC-N-C-H CIHCOCN-C-H NHy
Pl Hpon S i /ﬂmn Reductase
-—— e @ NAD domain
oxidase reductase
' NHz NH;
Chloramphenicol N-Dichloroacetyl- N-Dichloroacetyl- _/
p-aminophenylsennol p-amumophenylsennal

d' am @ d ad aAa
MAN 7 ’JﬂﬂTiﬁ\iLﬂ31$ﬁ615ﬂ§]%3u$ﬂﬁﬂlliuwuﬂ’f)ﬁ

31: He et al. 2001)
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W W

=X 9 d‘ ) Aada A
ﬂ"liﬁﬂ‘leﬂ‘i’iu"l‘ﬂ‘lli’]ﬂﬂuiﬂﬂlﬁﬂuﬂﬁiﬂ‘lﬁ‘tﬂu S. venezuelae

A Aa o W . . IS ) Y a Ao 1 & o
BUATSUTY (gene disruption) tHumsi ldmamsnatendumisdudumzuu
A & A YR Y A A ad dyo ded a'w;’,’
T3 Ty Tsu25 v Heulaaawiviniuesdu A5mstin TagnsunsnFuUAD DN FUIAS
o = . . . . . o A ~ A Y o g £~
W191UYBITU (insertional inactivation) 1AENTHIBFUVBITU 1FOUANVADUIBNINE HaX
va o . . 4 o a J a Yy 19 9 A o n Y
auiailiu non-replicative o3 AN UMM @I G911U (host) vziudvau 13 1A
Y
1 9 o [ ] a @ a @ o Y
uaazunsndn 1l luTas Tu Tey o duvusvesduiulaonalaluTanasaoudusu mlvia
< 1 o 1 09.:’ 9 o
wuewvzunsnoguu Ias TuTay o Auvisvesduiu Fedwnsoimaiemsiansosnuesdy
o Y A ° Y a A Ay = o @ A A P
118 vSeeram liinanmsnatevesdundesmsanyniv Iasnililmsnaaseadilones

o 1A . . a 4%‘ Y 1A P = A Ao 1 o
AN UIAYT (Slngle crossing over) %zmmu"lmwwn ‘L!EJlJGl,GIfGl‘L!ﬂﬁﬁﬂ‘hﬂﬂ‘u‘lﬂ‘lﬂ%‘ﬂuiﬂllﬂu

=1

3 ' A A a . . At = £ 1A o Y
Lﬂi&ﬂqm (cluster) sHBINLNUDLNA single crossing over ‘nﬂu‘lﬂﬂuwuwuﬂquﬂu e lvou
0g0a 11 (down stream gene) liamnsnian1d ualunsdindesmsfnyBuien (single

aAa o o 9 yJ 9 = A A A
gene) Tae5A S UFUIZTADIAT NOUNABAIYNTUNTNIUIATOIHNY (marker gene) UUYUN

9 = A Y a ~ 09)1 1 A A Y o A a
foamsany e liinamsnateuusutiunounIz eI UN e IONATUATIINTUYN

o 1 4 a a 4 o 1 . o a H
uu%’wqwaa WINANTOATY 1D1IDTADIR LU (double ccrossing over) Mmldnamsunui

! v A a Y KX K v J A 9 o & A v (v A
izmnﬂuﬂawﬂ‘uﬂuﬂﬂquﬂsTmTwummﬁﬂy1ﬁwwu§ﬂmfm"lﬂ mImouaassution

Y
I¥vuannlumsanuiduly S venezuelae fagumsanuIae lai

Y =t q 9 o ¢ @ .
N1TATIVF DUV HINVDIYU pabAB Vlel%ﬂluﬂ”ﬁﬁ\‘llﬂi”lgﬁlﬂuulcﬁll 4-amino-4-

J { ] o 4 ara 4 o a
deoxychorisrnate (ADC) synthase ’JWL?]EJ’J“IQJ}’ENWLIﬂﬁ’(ff\‘]&ﬂi1$‘ﬂﬂﬁ@!ﬁﬂ7‘lﬂﬂ@ﬁ Iﬂ‘(’llﬁ’ﬁ]‘l/ﬂ?luﬂﬁ
o o Y o q¥ ' a ara Y ' a Yy o
‘i‘]J“]f‘L!LLﬁ’J‘VIﬂ’Vi S. venezulaee "lummmwamaamuﬂuﬂaa"lmmmm pabAB NgIVONNU

MINAAAI1PFIUEAING1D (He ef al., 2001)

= Y A A Ao s . A g
MIANEIMINNVDIBUNTUATIZH dichloroacetyl MiTlupiAllsenoudszinn halogen
9 ara { a o 4 1 {
Tulassainvosnasusuiliinoa MWAAIIN S. venezuelae ANBWUT ISP5230 WUIOUTN
~ 9 3 A o ] ] ~ Y] 3 ® =X 9 ~
NYAVOIUUNA UL UIBYVU ORF11 (cmlK) 1ag ORF12 (cmiS) (MNWN 7) AdUUWANEINUIN
= o JYa a a Y] @ a [ 1 o I ¥ o o @ d A
wosou Tagh ldinatuaasuduusnaaina Mld ldaeiuinatedosdienus fo
o J { o { o
S. venezuelae WU VS1111 tag VS1112 MMMINa8NoU cmiK 1ag cmlS AMNAIALU
£ [ Y] 4 3 Y] 4 3 a A 9 9 Y] a|a
FINUNTENUTNAwNITIeRUTIY nana1sni Tassas wadenuaaousuiliinea

(analog) Iﬂﬂﬁ‘mg: acetyl A'lilyasdsznevilsean halogen Lmuﬁﬁyj dichloroacetyl ﬁﬁagiu
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ara 3 v 09)1 09)1 o w o 4 ]
AasusuNtnea Llﬁﬂ\ﬂﬁllﬁ'lt!'ﬂ?l‘hmﬂﬁﬂ\i ‘Lluﬁﬂ'J'l‘JJﬁTﬂﬂJuﬂluﬂ']'iﬂ')ﬂﬂi]ﬂ”liﬁ\‘llﬂﬁ”lgﬁﬁy

1 ' Y
dichloroacetyl Fuilussdtlsznovuiidinnlumsaduansd§Fuzil (Pirace er.al., 2004)

ABUYPNTUAANAIZHIN E. coli Waz Streptomyces

=

a o a 9 o’/ = 0911 d!
ﬂ”I3Lﬂﬂﬂ@uﬂlﬂ‘ﬁuﬁTNTﬁﬂlﬂﬂqﬂTﬂEJVIﬂul‘iJ{l‘LlLL‘UﬂVIL YMAUNTUAVLLASUNTUUIN HIVS
Yo

a 1 U a 4 @ a
aMsdemenaIauanNEad U 11 (donor) TUSuwadfsy (recepient) Tnomsinanouin

[ Y] o A A o @ a 1 A G &~ Y A 9
GIf‘L!’f)”If"IEJﬂTiVI”I\‘l”ll!éllﬂxiﬂu‘l’lﬁ”lﬂtlﬂuWQTﬁiJﬂ 299U AD NQNYU tra Faurnlumsaing

Y A

A T a : I A
TsAuiineadeslumsdeniewardiia uaz oriT (origin of tranfer) FalinthMmiugasudu

'
A CZN

[ A @ A Y A R ~ a ' dyu
ngL‘llu‘]Jﬁ’]fJVlﬁ]gﬂﬁ‘ﬂiﬂﬁfﬂﬂﬂuélli’)ﬂwa']ﬁﬂﬂﬂluﬂ'ﬁﬁﬁﬂ'lﬂ FYNNATUANUTUUALYUUIN
A v

a @ < 4
self-transmissible plasmid ﬂﬁlﬂﬂﬂﬂu@m“vuﬂlu E. coli 3iimsaagnsiae (sex pilus) T

T lunsaenie &9 liT51eau luuuaRFensuuIn (Snyder and Champness,1997)

~q Y o @ 1 v o Ry
E. coli RFlumsiasupinduanana dsznovludreaeiusg s17-1 #lou ra
a L] @ 14 { L]
MNNAIEia RP4 0guu 1as Ty Ty (Mazodier ef al., 1989) tagdgWus ET12567 MUY tra oY
a 9 I a
UVUNATUA pUZL002 Falumaraliauui non-transmissible plasmid (Sia ef al., 1996) Tag
3 = @ o ad A .. . .
Steptomyces Wulszuutleany Tagshanedduenulanlasu (restriction modification system)
@ qs.:’ a 1 1 3 ] 1 o oA a 1 a
(Macneil et al.,1988) #1iuTeHondIt 0RO WORUIANG E. coli @1oWUTNVIAMIANT T
=1 1 Y KX o 1 9 1 d' Y Aa a 1 1 a 42’
@enon ua199timaedng Sreptomyces 1o 1Wlszansnmlumsaaenaraiagayuy
v I v oA a [l Aa < a v
Taganeiug S17-1 uaeiugnimsaurymsaluauenuilnd aiuaeiug ET12567
a 1 a A A I < - = N Y = a A
vramaanryailownniid Tuinihilu dam uaz dem F9i1d ET12567 Hdlszd@nsnm
I < (] { o o I {
TumsasneAueng Strepomyces Niiszuumstloanu Tasmsiaediouewlaniaoui
= a [} a Y 1 A A 9 o @ o v &%
Umsaunysa laan (Flett er al, 1997) waradanlgdmsumsinougnduluilegiu
I a { 1 o o . . . !
Audunaraian luansasiaesdneald 1y Soepromyces (non-replicative plasmid) l@un
pLI8600 (NMWN 8 N; Sun et al., 1999), plI8671 (MW 8 U; Sun et al., 1999), pSET151 (NN 8 A;
Bierman ez al., 1992), pSET152 (7N 8 9; Bierman ef al., 1992) #9za1un3omn lunsndany
< 4 a o 1 .
TnsTuTau ldnaeiiieina site-specific recombination Y94A1L11114 attachment site (a#P) Y9 IH1
v Y
oC31NPYUUNATUATUA VAU arB VU TA3 T3 T3 (Bierman ef al., 1992; Thorepe et al.,
A a v A a o ng a g A 9
2000) ¥130 Iagn13ina la Ty Tanas noN Ui FUVDIFUALDUBIN Streptomyces N IAAUAN 1

luwanaia (Bierman et al.,1992)



=4

]

-
= o
° . =
° = —
. E. ..E
$3z183:552
wEadRAan

\ &

4.66 BamHI/Bglll pSET 151 bla

4.61 Dral 6.2 kb

Ss \v
§& 3= 2 A
§5 £33 & =
F5 298 o 3
é\ ~ - b3

Bghl 240
[Ecari

!

2.80 Spt——

2,80 Patl—"

! Kpnl
Smal
BamHI
Xbal
San

i

P
Sphl
Hineil

Ndal 3.49

(1)

MUN 8 NAANATINSTUMIADUPNTUANANATEHIN E. coli N Streptomyces

() pIJ8600 (V) plJ8671 (A) pSET151 (1) pSET152

3N Kieser et al. (2000)
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WBMIHneUYPNTUANTNATLHIN E. coli Uz Streptomyces ¥1'1A lagn15ia3 o
4 . Y9 .Y = 4 Yo Y _ o o o A
1¥0Q E. coli 1Lz MIn3endilasund Sepromyces B51U nanimwaunuludnsiaun
3 ] A dy dy A v A Yo A a A
minzay ninduh llindsuunuems@euse iz ay tazda@ondsuitna1alanio
J J . 9 an . & dy 1 A A
(BAFABUIUNUA (exconjugant) 18 1F81JHIUL (Kieser er al. 2000) FuFouaazyHANANIIL

A A ' % o v Y =~ as 4 o dal ' a . .
NMARNIETUNTAANNU m“lﬁﬁewﬂun‘ﬁms“lmwmzﬁuﬂm%mmawuﬂ (Kitani et al., 2000)

o 1 @ Yo 1 4 L 99 Y o & oA 1
8318V 0Ia 8T Strepromyces A5UABINAA E. coli 11W Huilavdenilandinase
Y3zANTMNVBINIABUPNTY AIDH1UFU MIMABUPNFUANANATSNIN S. lavendulae
{ a 0 @ T <
FRI-5 1182 E. coli ET2567 (pUZ8002) Niwanaila pSET152 d1m5Ua9a 181101115144 ISP2
A a A Ay v 4%‘ A ' v 1 9 o T Yq YA 1 o
il 10 mM MgCl, Uszansnmi Idazgean Wemdandiuvedsuaed Intiad1ag

U5z ANTNIMOYITNIN 1.6x107-3.9x10" exconjugation/recipient) (Kitani ez al., 2000)

a 3 I I A @ 2 = 1 a a v
a0 1ML udnilateriiadedananol seansnmueINIIABUYNTUAI
ana dI0e1UrU MINMABUYPNTUANANAILNIN S, lavendulae FRI-5 Uag E. coli ET2567
<3 ! 1 ] [ a ' [
(pUZ8002) UHDIMI5UTI RS Wil 10 mM MgClL, wud lilimsdemenaraiiauaamnsodenio

1&ain 1401113194 ISP2 taz MS #il 10 mM MgCL (Kitani et al., 2000)

a A X FY =R 1 Aa A
gamgiuazszeznanlslumsnszqumssenvedaios Nawradolseanininves
o 1 9 o VoA a = I

MInOUYPNTUTY S, lividans WuNMINTEAUADT TstiuNguMgl 50 oarwarsae U

A o ) a a @ d? ' . 1 S

10 Wi 1Az ANTNINUeIMIADUYPNFUFIUY 5-10 111 (Mazodier et al.,1989) 0814 1514

[ $ 1 $ I~ 1

U S, lavendulae FRI-5 WUNEAMNZAMIMNZANAD LU 40 03fusaied (H10a1 10 U1 ue

9
lii'ldgnelvalsz@nsnmgadiu (Kitani e al., 2000)

] @ s 9 Y] 9y 9 Yy 1
uonnnmsnougndulasordoaosuds demwnsolidulonnu lade wu s
o ' . . A q9 9 Ao q 9 o " a a
ADUPNFUILNIN S. fradiae 1aE E. coli S17-1 wnlgauleni lnuaminnuninlssansam

o [ 9y J .
yoamsnoundu lia1snnns1dailos (Bierman ez al., 1992)
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¢ as
gunsamazizms

¢

) IS d‘ a\ W
1. gaunsguaznaaianlyluanuioe

Q

J

a ~ A Aq Y awv dy Y A o w
@aumﬂuaz‘wmmJ@mﬁlﬁﬂuﬂm%ume”l’ﬂumﬂw 1 1 2 N1l

ada

d' a 9 aw
M31an 1 aunsgnlgluanive

AU GENIE unasfiuend 381984
E. coli IM109 endAl recAl gyrA96 thi hsdR17 relAl Yanisch-Perron et al.
thilA (lac-proAB) F’(traD36 proAB+ (1985)
lac1 lacZAM15)

E. coli XL1-blue Sup E44hsdR17 recAl endAl gyrA thi Bullock et al. (1987)
relAl lac-F’ [proAB’ lacl' lacZ AM15
Tn10 (tet)]

E. coli ET12567 dam-13::Tn9 dem-6 hsdM hsdS Km' MacNeil et al. (1992);

S. venezuelae Chloramphenicol production John Innes Institute, UK

HNete Km = nuiedu (kanamycin) 4ag Cm = Aaousuwiinoa (chloramphenical)

3 a {q ¥ aw
M3199 2 waasanl¥luanuide

Naain LEBIG e ena38198a
pJET1.2/blunt Amp' Fermentus
pSET152 ColE1 replicon oriT attP int Apr lacZa Bierman et al. (1992)
pSET151 ColE1 replicon oriT Amp Thio lacZa Bierman et al. (1992)
pUC18 Amp lacZo. Norrander ef al. (1983)

WINENHA Apr = 02 WINEYU (apramycin), Amp = LONHEFAY (ampicilin) LAY

Thio = 15 Teaia31N0U (thiostrepton)
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2. msniazeulsindluaudd
M3ninaze 11 5Easuren 19113t ¥991n U N Amresco (USA), APS
Finechem (Australia), Becton Dickinson (USA), Fluka (Switzerland), Himedia (India), Hispanlab

(Spain), Macherey-Nagel (Germany), Merck (Germany), Scharlau (Spain), Sigma (Germany)

o o a o r'd 4 a o
U I ASUNIZIINUTHN Fermentas (USA) o1 laaf 1a Ty 14133910 058N Amresco
(USA) 118% Fluka (Switzerland) 1911917 RNaseA 9100551 Amresco (USA) tou ] T4 DNA
ligase 91NUTHN Fermentas (USA) ou Tl 7 ag DNA polymerase 9110U3HN Invitrogen (USA)

11a2 Fermentas (USA) ﬁaﬁummm 37U (1 Kb DNA ladder) 1NVTHN Fermentas (USA)

ad s d‘ Yo (24
3. BNUSUNNTEMTY Strepromyces

a9

an & Aq Yo o Y as .

ABMINUTIUNIFEINTY Strepromyces 1501UATN3U04 Kieser ef al. (2000)
dy 3 o

3.1 MY NSNUINYI Streptomyces

Y < o ] ) 4 { 4
M5LAL Streptomyces UMY 11 TaelFA 1w liiudadaeaeivales
! o <
919 stock culture ¥UAASTHNIVUIIUOIMI5UU Mannitol soya flour (MS 1 L; 20 g mannitol,
1 { A I
20 g soya flour, 20 g agar ; Hobbs et al, 1989) 1in1ANgauvail 30 esrusaiFod 1iunal
Y A dy dy 1A A a 9 I 1A
Uszua 3-5 3 Weded luemsmatvzdesluwagUsuinivealaalswuiluisegh
) [ [ A A a = I o 1
NUVIA 181 200 50UADUIN NYaKNH 28-30 parusaFod Hunal 3 Ju Tasldarsazany
g o a3 o (]
gdosaslueiisivan Tryptone soya broth (TSB fﬂliﬁ]g‘ﬂ) Tudas1dIu 1:100

v Y

< ¢ < & 44 < <
ﬂ’]ﬁlﬂﬂﬁﬂ@ﬁellﬂ\‘] Streptomyces ZINUVIINNUTDNDYIUUDIHITHUUI MS L‘]Jul')ﬁ’]

a Aaa

o P A 999
ﬂﬁgll']ﬂ! 3-57U Tﬂﬂlﬁllu']ﬂau‘ﬂm']lsﬁﬂlla'J‘]Jﬁgll']m 10 U9 T A VUUIIUDINITLHUN lla'ﬂ,sﬁ

e

£
o A

Y 9 o J a v v o 9 o Yo o
i lfudagalesuurmeslingaeening sntmhdeudidnsadldiduiuay
Jd ) 4 ] y
alof 13 udr1¥vaenianqgaaisazarealesiudonuda ienseuduloeen thliily
~ A ' = = 2 9 J =
(3839 12,000 50UABUIN WU 1-2 WIN ANTaza1eng udwvIvaseaes lundwesea

Y 9 I 3 J (a a aa 3w YA a =~
U 20 Lﬂ@‘ilﬁh"uﬁ ﬂ'jll1@]§ 1-2 yaaans Lﬂ‘l.liﬂ‘]sﬂhlil‘l/]qmwgll -80 DAL ALY
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dy A 9 as o a an A
NN Streptomyces mmmmmmmumﬂgmuzmhﬂmu&nﬂgmum

Yt Yy 9 o A
LWNW%ﬁ'NﬁﬂuﬁlTﬂﬁ Gl‘I’TiJﬂ’HiJL"USJﬂJHﬂWﬂﬁQ‘W 3

a y 9 an ~q Y i .
M1319N 3 ﬂ'J']i]!"’llNﬂlumﬂﬁﬂTﬂ{]sﬁﬂugﬂicﬁﬁluﬂ'ﬁmEJ\‘] Streptomyces Qe E. coli

Final concentration in media (ug/ml)

Antibiotics stock solution

Streptomyces E. coli
(mg/ml)
Overlay
Agar Broth Agar Broth
(ng/plate)
Ampicilin (100) - - - 100 50
Apramycin (50) 100 50 100(2000) 100 50
Chloramphenicol (200) - - - 50 25
Kanamycin (50) - - - 50 25
Nalidixic acid (25) 25 - 25(500) - -
Thiostrepton (50 in DMSO) 50 5 50(1000) - -

o <
MIANAALDULDIN Streptomyces

o & 4 a A aa y 4 4
U0 S. venezuelae Mas4lU0 1M I15WAY TSB Uswas 1.5 Hadans uilumesn
1 = = c? o Y Ay ¥ v ad ad
12,000 50UABUIA WU 1-2 W1 mansazatens Wudulen 1d l)anaadwenuitues
(Hopwood et al., 1985) Taeaa lysis solution [0.3 M sucrose, 25 mM Tris-HCI (pH 8.0), 25 mM
EDTA(pH 8.0)] 13 TaTas laad 10 T TasnsuseluTnsans uag RNase A 50 luTnsnsude
4 v
Hadans Usuas 500 Tulasdas ldtnladgaduaddiidulenszae i lihiuh 37 eem
IS = Y J d? ' 1 3 3 a .
waFea W 45 win Tesazlslnladgaruadszndnaiy 2-3 a9 1INTUAYN sodium dodecyl
<3 a a a
sulfate (SDS) ANMANTY 2 1Wosidud 1515 250 luTnsaas nannasa linliveanan
HANAUA IANEITaz a1 phenol:chloroform:isoamyl alcohol (25:24:1) U3u1915 250 lulnsans
Y 9 o ) y A A 1 A = ' 1
weru liidniu s T umeai 12,000 soudewd Wunat 5 i gaasazarediuuunea
! ' o gl 09: Y A2 a = a . a
grasaln (9199191 2-3 n39 MNUTMaazneuTIsAULIN) 1AL 3M sodium acetate 1/5u1015
J a d' Y a . a J a
0.1 yveslFuasarsazareigala 1w isopropanol 151135 1 1911 wan Tagwanviasa 1w

k4

@ P a 9 ~ Y o d' A 1 ~ ~
a‘lmqmmwmmu 5 11 uadumidesn 12,000 59UADUIN UIU 10 UIN INTITDEAY
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Yy 9 ad 9 A~ s A a
pon LA NAzNOUADWEAIBET MO 70 1Wesitud USuas 200 luTasdns gamisazaiy
Y Qy Y Y Y o J .
oon 1vviua Nelvaznouurs uatazareaznoulutimmwes TE (10 mM Tris-HC1 pH 8.0, 1
a a I3 o ald' a = A
mM EDTA pH 8.0) 51105 20-50 TuTnsaas nusne Nnguvgil 4 eerusaided 3o -20

VIR ATHE 1UTZHTE1)
4. manugwuilFa s E. coli
an dy ~ Y o [ 9 an
WBMINUTUNFE M E. coli 1901075015009 Sambrook er.al. (2001)
dy = .
4.1 MIABWATMTINUTAY E. coli

v k4
WO E. coli a4UUDIMTUA Luria-Bertani (LB 1L;10 g tryptone, 5 g yeast

extract, 10 g NaCl 1@ 15 g agar; pH 7.2) UN# 37 easusaiioe 1hunaituauy

E4 k4 v
msdeelueiTal azmu¥oanIngUsuyniorns Luria-Bertani (LB; gas
A a 1 1A v ] o ) 1 =) td' =
oAy ua luiAy agar) Tudasrdau 1:100 11 Tiwen 250 souaeuii 1l 37 ossisaiTeoa

I 9 A
Wunaviuau

dy d' Y an o a an A:;
N3N E. coli ‘Vlmmmmumumﬂgmuwﬂﬂﬂmumﬂgmuzmwmzﬁum

9, Yy 9 {
Tuems 19HaNuYUIUAIATT199 3
42 MSEANANAGNAIN E .coli

MsaRANAANANA E. coli 19773 alkaline lysis ¥4 Sambrook et.al. (2001) Tagia
dy ~ dy I 9 A a Aa aa ] A aa
Wonaee 111115 LB 1lunaivnuau Usuies 1.5 daaaas laasluriasavuia 1.5 Yaaans
P39 12,000 50UADUIMN 11U 1 109 BIHUEAE 011159 MINTuazaIenznoudIe
Solution I [50 mM glucose, 25 mM Tris-HCI (pH 8.0), 10 mM EDTA (pH 8.0)] Mduda U503
a 1 Y J & S a . A
100 1uTasaas s 131ui 99 10-15 W1 181 Solution 1T (0.2 M NaOH, 1%(w/v) SDS) 1
= o o Y v A a a Y= Y o 9 (] g’ < =1
w3sudmsuleiun 200 lulasans wanvaoa ldunuiawdndud ud iy 5 1

Y v [
(@13 Solution III (5 M potassium acetate 60 ml, glacial acetic 17.5 ml Turinau 28.5 ml) NEuda
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Aa a a Y v A Y ] g} I =
51105 150 luTnsaas nanvaea llunldveamainauiud udwslusiuda wiu 3-5 wii
a o 1 A Aaa oA = I = Y o y
1A% RNase A 20 TuTasnSuneiiadans Ui 37 saraiies Hunal 30 Wi udni liu
IM383 12,000 59UADUIN U 5 N gadsazateniylavasa v @y
phenol:chloroform:isoamyl alcohol U311A5 1 11 vesesazareiga’la 1 lflumiesd
1 1 [ 1 a [ J
12,000 S0UGOUIA WU 5 Wi gaasazateduuuldvaealvl udnanes ueaduysol
[ 4 v '
151105 2 haesasazaneiga 14 wannaea luumng Aslingamgines 2 wii udrilu
A < ad A ' ~ ~ Y Y
HISUNUANDUAD BN 12,000 TOUADUIN U 5 U1 A1NALNDUAIYDTIUDA 70
/2 2 |a a y d' a oy ) L yyg v
nlesidud 1Usuas 200 luTasaas Junides 1 1i udrgaarsazarvesnlinua nal3ld

Y =X S g a a 3 o Y =
ASNBDULLTN mazmﬂmam’aiu TE ﬂ§N1ﬁ5 20-50 Ulﬂiﬂiﬁ@]ﬁ lﬂll'iﬂ‘]&l'lhl'ﬂfl =20 DNALH ALY
) 4 a 4
4.3 DIATIULEAANDNNNUA (competent cell)

Y
4 a 4 o a, o
MIIATIUFAAADUNNUAVDY E. coli TAMWITYBY Chung ef al.(1989) Tagiinise
~ dy 9 A a a dy a A Aaa
Magatuaulue1ris LB USuas 500 lulasaas asdeeluenns LB 15u1as 50 adans
Tuvaagisuguiia 250 Jadans we 250 soUABLNN N 37 DR UFATE IUTAIQALAIN

ANNEIAAU 600 W1 T1UAT (0D, ) 1511 0.3-0.4 (Uszum 2-3 $21u9) eldvaoavuna 50

600

a

Y [ v v
fadans udwhudaunu 1520 i Sah lfludvaduad 7 3,500 souaeu gainigil
9
4 parnesaITod 11 2 WIT MIM1TNY HAIAY Transformation and storage solution [TSS; 10
% (w/v) polyethylene glycol (PEG) MW=8000, 10 % dimethylsulphoxide (DMSO), 100 mM
Ad o a a Aaa Y 4 a dgl
MgCl, , pH 6.5] iuda U5mas 1-2 adans Mdtaladuuna 1000 luTlasaas gatiuawn
Tyaduvivasedlumsazate lasuiadvluvasaving 1.5 iaaans vaeaag 100

TuTasaas 71 -80 ersardeod a1g il luiun
4.4 mwmumxxlaiu%u (transformation) W E. coli

o o YA 9 J
MsnTuanosusu 1935 heat-shock (Sambrook et al., 2001) TaglHwaa
Y
a 4 a Yy a a a Y 4 a Y

aaumud 100 lulasans uduaunaraia 2-10 lulasans 1¥thadnauwng nel3lu
g’ [ A K oA ~ a = Y o o ] g‘ S o oA
W89 20 W1 J9UNN 42 pernaes WK 90 3H udindu Tdur i udeiui wu s

= =) a a 1 d' = 1 1 =}
W17 1Aine11s LB U5u1as 900 Tulasans Uui 37 esrusaidod e 250 5oUaUH 11U 1

) = ' s a = < = ax
G]f'JIlN LUNLEAR 100 Ullljﬂjaﬁi Ulﬂlﬂaﬂﬂuﬂ’lﬂ’lil!m\‘] LB (llﬂ1ﬂg]°ﬁ’gzu$ﬁ1nﬂ’3m
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murzay) lunsdidaidonnaraiinaoraunaeiue1misuda LB @28 X-gal (5-bromo-4-
chloro-3-indolyl-B-D-galactoside) ANUTUYY 20 aanSuneladans Tu dimethylformamide
UT11a5 40 1 Tn5805 uag IPTG (isopropylthio-B-D-galactoside) ANMIVUTY 200 FaanTune
fiaadans Y5ines 7 lulnsans Uu13 37 esmsaidon Swdn TaolaTailfiinaraiaae

[ ! { ] <
pernazlsingudun vagIalalin ludiezdudih
5. IMANAMINUEIAINT TN
ad a
5.1 aznlsavaotan Ing INSHd (agarose gel elctrophoresis)

wammiazmﬂﬁgﬁumﬁ’u 6x loading beffer (0.25% (w/v) bromophenol blue, 0.25%
(w/v) xylene cyanol, 30% glycerol) Tu8a31a3u 5:1 udirezm lsavasian Ins 15 Fe dioy
v ad 9 J < 4
AUADUILINTSIU (1 kb ladder; Fermentus, USA) 1¥ozn1sa 0.8 osidua lu 1x TAE
buffer (40 mM Tris-acetate, | mM EDTA) Nianuaadng 1 100 Tad asrvaeuuouadue
aremistouluediaon Tus lud anududu 0.5 Tulasnsudelianans asrvgaelduas v

HAZDIINTN
v aad
52 MIANAADULDIINDLN ISAIRA

4 o
Glﬁlgflﬁlgﬂqﬂﬂim Gel/PCR Fragments Extraction Kit (Geneaid, Koria) {82 N1
3 A Y ) VoA A g ~ 9 1
Tuponlugie Tasdanaluduwmisnlsnguouamuendeans laaslunasaving 1.5
TuTasans naeaazilszunal 300 Gaansy 0y DF buffer Usu1a3 500 luTasans 1 lauun
~ I ~ 1 o 1 A o
55-60 PaFEEAFea 111a1 10-15 W1N IUNNWAALAHUA NEUKaa 111321 1eNRiINg
] 3 ay ¥yl A a gy a a (]
1y 2-3 A59 M lAiBuNguvgiies gadisaza1ed5ung 800 Tulnsdns Tdaalu DF column
A ] . ) Y = A ' =1 =1 ay Y v A
17190411 collection tube 111111837 12,000 sOUADUITA 1 W INVBUMAING A159]
Y Y
msazaomian 1iganunlalu DF column ndahimmduneudnesdu naenniuay wash
a a y ~ ~ Qy y ~ ~ 3 I
buffer 51105 600 TuTasaas JumIeauiu 1 119 MuoamaIng Jumdesdnasuiumnan 3
A A Y @ d Y 09)1 9 [ 4 1 A Aaa 1T A
i e liineauiinta mntiudeasauil 1l laluvasavina 1.5 Naaansvasaluy @y
. A a Qy y { < <3
elution buffer Y511015 15-50 luTasans 1913 1 w1 udrthulsufuesazarsfdume iy 2

A 3 o a g ald' =
UIN Lﬂ‘]JiﬂH”lﬂLfJul’f)”l’Wl -20 DAL LYY
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o < Y a X 9 4
msmmsazaeaoue liuIgns laglsyaginsal

r'd o
61,5195}“];ﬂ’qﬂﬂ5m Gel/PCR Fragments Extraction Kit (Geneaid, Koria)lleZn19114
09: 1A a a g a
Junonlugile Tauduasazasdoue luvaen 1.5 lulasdas vaeaaziszunm 50
luTas@as 1@y DF buffer Y5115 500 TuTnsdns gaaisazareldaslu DF column 19041y
' v v Y Y
collection tube 111111113897 12,000 50UABIN 1 W MUYDUNAINT HAIDINTUIAY wash
a a o { ay y 1 3 I~
buffer Y5195 600 TuTnsaas Juwideawu 1 Wi mvsararnilumIeadnasailunal 3
A A 9 [ s 9 2/' 9 Y] 1 A Aana 1A
Wi e I aeduiiude mniudensduil 11 ldlurasavuia 1.5 Hadansvasalvi @y
a a Qy y { < <
elution buffer US11935 15-50 luTnsans Nald 1 i udruwidssnuasazaisfdue w2

A 3 o a3 Y ~
HUIN mmﬂmmama”lm -20 D3Iy Y
A A P Y amas 4 . .
MIANYTNUAD UIBAIITNEDS (PCR; polymerase chain reaction)

o AaAA 79 Y a I [ S a A
MINAFes 1% adue 20 w1 Tunsy vaz Inswessgeaz 0.05 # 1alua (13199

4) naniin il §nse1ide15Usenoudae 1x PCR buffer, 1.5 mM MgCL,, 0.2 mM dNTP, 10

2
% DMSO0, 0.5 unit Tag DNA polymerase Tui/5iasgaie 20 Tulnsans Taeldan1zasil

d' = =
59UN 1 94  edmuwairEA 4 W
d' = =
59U 2-29 94  edmuwaL¥EA 30 UM
gl annealing mwsiiavedlnswes 1 il
= ~
72 edmuwalkea 1 WM
d' = a =)
59U7 30 94  edmuwa¥EA 30 UM
gl annealing mwiiavedlnswes 1 il

7 oAl 4 WIN



28

M990 4 S1avuiinndlelnavesnswesnlFluanuide

J 9 a
Twses Ta (°C) 1ONA1TDND

Apr C-1 5GACGTCGCGGTGAGTTCAGGC3’ 65 Choi et al. (2004)
Apr N-2 5°CCCCGGCGGTGTGCT G3°

ATTO012 5’TGACTGAGTTGGACACCATCGC 3° 58 H3unsn (2548)
ATTO13 5’CCTGTCGATCCTCTCGTGCAG 3’

ATTO061F 5>’TTTAAGCTTGACAACACCGACATCCCSGG 3’ 60 NUITB
ATTO061R S’TTTGAATTCCCGGTCATCTGCTGSACCTGG 3’
M13 Forward 5’CGCCAGGGTTTTCCCAGTCACGAC3’ 58 Messing(1983)

M13 Reverse 5’GTCATAGCTGTTTCCTGTGTGA3’

HINENHA W=A/T; S=G/C; Y=C/T; GAATTC, CTGCAG = @HUIAAYDI EcoRI Az Psil

AN
5.5 PSP ULLE

S
ananaaiauaziliuigns laol9yaginsal Gel/PCR Fragments Extraction Kit

(Geneaid, Koria) 135 1ude 5.3 uazaalméwuman 1st BASE Uszmanaise

@ A 1 ag
5.6 NMIAALLDZITOUNDALDULD

Y A Aqyd ad Y Jdo o a A wd’ﬂlwgd

G]ﬂ‘Wﬁ'lﬁllﬂ‘i/ﬂ‘lﬂﬂu@L'ﬂuLﬂW'lW%ﬂ’)fJLE]uUlG]ﬁJﬁﬂﬂ'lLW'lgG]fu@mﬂ')ﬂll‘]/lﬁl“]fﬁﬂ“lfuﬂ
< A o A A 1T adg A 9 a Y o 1 a '
BUBNITHIVUYOY Gluﬂ'lﬁLT@‘JJGI'0@lﬂulﬂl‘waﬁi1\°IWﬁ'lﬁiJﬂﬁ18WﬁN1%ﬂﬁ51ﬁ3uWﬁ’lﬁ‘Mﬂﬁﬂ
L ag Y ' aaa  Aa . . a
FUALUIDININDY 1 19 3 Wﬁlliuﬂﬂﬂiﬂ’l‘lfm 10x ligation buffer 2 Ulniﬂﬁﬁﬁﬁ iag T4 DNA
. a a Y a 1 A a =~
ligase (1 U/uD) 1 Tulnsaas IudSuasqgaiie 20 luTasaas unigumgil 16 ossisaided

¥ A
VAU
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Southern blot hybridisation

Southern blot hybridisation (Southern, 1975) firTagtiwadisiezn Isa
wavian Ins I5Faudq ualu 0.25 M HCl 41w 15 U1 (depurination) t@311% 14 Denaturing
solution (0.5 M NaOH, 1.5 M NaCl) U114 15 117 2 A%4 910171931 Southern blot Tag14
Alkaline transfer buffer (0.25 M NaOH, 1.5 M NaCl) ﬁmﬁzéme"lﬂq' WS (Hybond N';

[~
Amersham Pharmacia Biotech, UK) LU capillary transfer WHunahuau

. q- . o ° 23 J A <3|
Dot blot hybridisation Mlasiiansazarsdwue 1) denature Tusindon unan
~ Y 1 :’ S oA = :}1 == a s A
10 4N umwﬂuummwmﬂ UIU 10 UIN MNUUINHIATITACAUADUDAIVUINNLUITU Nag

2-3 TuTasans soldmuusuniaaudnsziir il dae T

a < q 9 @
msaananawuen g uInsy 14yaginsal DIG High Prime DNA Labeling
I 09/’ o oy
and Detection Starter Kit II (Roach) Tagld@dueasduanududu 1 lulasnsy wazarei
o a a ° 31 <3| o '

nauliilsmasgaine 16 luTasaas 1hldduluiudea iunar 10 wid udni Tauslu
3/ 3 o oA Qy 9y = 3 a . . a Y 9 o oA
Wwdeiui 1913 5 u1i 9miwdn DIG High prime 4 luTnsaas wauliidaiu tui 37 o

~ I & A Aaaa 9 9 = I = -1
Eralged (1una1 Hieau wq@ﬂgﬂimmammsau 65 DAL ALK YT Wunan 10 4N 1y

[
a =

%ﬂm”l%’ﬁamwnu - 20 DALY aLE e

Q G

N3 hybridisation HAYAIATIVADUNA clﬁlgf)’qﬂﬂ‘iﬁ DIG High Prime DNA
Lableling and Detection Starter Kit I (Roach) 111 pre-hybridisation Tagiiy hybridization buffer

37 osauaried iy luganlmuusulsnag 3.5 Jadans domunsu 100 A1519

~

Y
wuamas 1 lduueuvgil 68 esrusaliea 30 1A MIATUm pre-hybridisation buffer 890

Q U

FudiSue Twsui denature Tinhidaaidiunan 10 it udumiudsiudiduna s uii Tao
@y Tnsudsuag 12 1uTnsans Ao hybridization buffer 1 Haaans uanauasluguuuysull
S1a3 3.5 Tadans demwanusy 100 maufmas Uy Bieamgiduiunad iy
s smndudisansazawilszneudis 2x SSC 1A 0.1 % (wiv) SDS 7

k4
amwnﬁﬁ’m 181 50 5OUADUIN U 20 UIN 2 AT LLﬁ%é}Nﬁ’Jﬂ 71502019 0.1x SSC ttay 0.1

Q U
a =

~ = 09/’ "9 I o’/’ 09/’ o
% (w/v) SDS NYUNNN 68 DIAUHALFYH 15 UIN 2 AT Tagwannaduasens mﬂuuuﬂﬂ

QU

GRNIAY washing buffer [0.3% tween 20 11 maleic acid buffer (0.1 M maleic acid, 0.15M NaCl,
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'
a =

pH 9.5)] U1 1-5 Wi 39181 l1/2inu blocking solution USu1as 50 Hadans Ngmugines e
50 5oUADMIA WU 30 W1H udi lunly antibody solution (alkaline phosphatase 1: 10,000
14 maleic acid buffer ) &1 50 59U 11U 30 W17 a1 s u a9l washing
buffer TA81UE1 50 50URBYT 11U 15 W71 2 ASE A detection buffer (0.1M Tris-HCL, 0.1M
NaCl pH 9.5) US11a3 20 fladdas Unilaamgives 2-5 wifi MY 1Y
Waa@An ¥eA CSPD ready to use IUNIMLAUIMDTY Thnaaanonunulaiy Tag 13135
Wosorma Faveaardiufiuoen 1ud 37 esrnmaied 10 1 udanhldmusoiladun

A Y Y ad Y . o w
30 WM LaNaNHaNAIY Developer 41a¢ Fixer (Kodak) #1ua1aU
a do w o w a
5.8 fﬂi'JLﬂi'lgﬂa1@Ulﬂﬁl!ﬁ$ﬁ1@ﬂﬂiﬂ@$3\liu

mamlasiadgdvwaiudrdunsaeziiTuld11/sunsy Six-Frame Translation
(http://searchlauncher.bcm.tmc.edu/seq-util/Options/sixframe.html) N9 Aurdaay ﬁ A
adrenulugudeyalda/sunsy BLAST (http:/www.ncbi.nlm.nih.gov/BLAST/; Altschul ez
al., 1990) S s ansemdunsnoril 1HAI83T multiple alignment, clustering Ay
14 793un5% ClustalX 1.81 (Thompson ef al., 1994) Msmdumraas vesou lal dasume

vusauuae1de 1Usunsu NEBeutter 2.0 (http://tool.neb.com/NEBcutter2/index.phb)

6. MIANVIANNIZNHINZANTIHIUNSMNABUYPNTUMIANAIZHIN S. venezuelae 12

E. coli ET12567 (pUZ8002)

Anuiladeansn Minerdesnullsz@ninmvesmsdiniewaraiia lumsinaneugn
FUAWANATLHIN S. venezuelae 182 E. coli ET12567 (pUZ8002) Faanuiladnia1n Mazodier
Y a & g . . = 0 =
et al. (1989) Tagldwardiia pSET152 %411JU mobilisable plasmid (WA 9) Tagiimsansn

Y
fragie lalil
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6.1 msfinunguugiinmmnzanlumsnszqumssenvesailes

Y
@ <3
Tumsnszdumsenvesates 15iunoua (Kieser ef al., 2000) Taotnuailes

v Y ]
WD S. venezuelae NABIVUDINIT MS NQunnll 30 oruasaiFod u1u 3-5 Tu (A4 3.1)

YSuliadesianududu 10-10° aosneliadans1ue1s 2x YT (1 L: 16 ¢ tryptone, 10 g

Y A

yeast extract, 5 g NaCl) ué’faﬁmﬂaﬂﬂﬂiz@;umimﬂwqmwﬂﬁﬁm 35, 40, 45, 50 UL 55

U

a Vg a o 2 qw s Y o o a4 A
parnsased vuilunar 10 1 amiunaldadesiduas udniliihuiesh 12,000 501

1 ~ ~ a a Y o ~
ADUIN UIU 1 UIN umuaaﬂmﬂauiu 2x YT “]Ji‘JJWIii 100 ”lﬂmam umm”lﬂmaﬂuu

< A ] YA ~ [ o 2R o AA A
1MUY TSA NY 10 mM MgCl2 ‘]Jllhlil‘]/] 30 oA AL 3 I uumnmmuiﬂauwmty

VUBDTINT

EcoRl- 0/550

Handll] 5.43

ay

h'h’ﬂ,-
A2 gap aac(3)fV
pSET152 *™™~
55kb
Vi ot

MW 9 wanalia pSETI52 N1ddmSuihneugnduszning S. venezuelae 1ag E. coli
ET12567 (pUZ8002)

3N Kieser et al. (2000)
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6.2 ABUYPNFUAANA
6.2.1 MIAON E. coli §1%

dy dy . Y = A
18UYD E. coli ET12567 (pUZ8002/pSET152) ‘lﬂi]ﬂuﬂlu@ﬁ/ﬂi LB nuan
a v A v A ara Y 9 @ { 4
ﬂg%uzaz‘wamﬂmu, MUY taznaosuiltinoa ﬂ'J'I‘JJ!,"]JlleUuﬂx‘Wﬂﬁ'Nﬁ 3 L’iﬂ]’ﬂi]'l\?l,c]fﬁﬁ
] A an y A a A A A A
1:100 @3891%135 LB ‘V]llﬁl'lﬂ{,]ﬂf?]‘l!g LAUUINDNTNITIAY wumgﬂﬂauuﬁmmmfn’mau

600 (OD,,,) 8321319 0.4-0.6 BTN 14 500 lulnsansans 11d1 2 asedree1ms LB

600

1l T 9} a =\
anaznou Tasmstlumisaudlazatslue1ws LB Usuas 500 lulasans
= Yo
6.2.2 MIIATYY S. venezuelae W31
= 4
6.2.2.1 MInienalosvod S. venezuelae

Y Y 1
AeUF0 S. venezuelae YUDIMT MS NQungil 30 DA UFTod
[ < 4 . 1 A aa
U 3-5 Tu nuadesaude 3.1 Tasldatesuanududu 10°-10" aosnotanans Tu
a a o 9 o [ d' a
911113 2x YT 151105 500 luTnsaas thlinszdunmssenvesades Tasmstivnguugiinay

[ Y
szgznaniininzay ny I3 euvgiiduasdowi 1y

= S A
6.2.2.2 M3esen luFdeuved S. venezuelae
Y Y v
= = 1A
1889 S. venezuelae Tuo1i1sMaIvz@edluvIngrsuynivanina
a I 1A 1 4

alsuiuiuisegiduvia Taeldarsazareatosasluemisman Tryptone soya broth (TSB
o < 1% 1 1 1 ~A A a = ~
duse31) Tudnsrdiu 1:100 we1 200 oUADUIN NYUNYI 28 DIAITAITIT AIWIAIN

NEEVREAq Y
6.2.3 MINABUYPNFUANEND

vq ¥ Yo ¥ Y o o Py A v
Nﬁw“l,wuaz;ﬁmmmsmu M1U11J‘]J‘L!L°H’JEJ\°I LHASaLAgATLNOUAIYDITNT 2X

a a o A Y Yy 9 Y Yy A
YT ‘]JiilIW]‘i 100 VlllIﬂ‘iﬁG]‘i 1/]1ﬂ1§ﬁ]6§]1\‘|51,ﬂ1|ﬂ’311|L"lJﬂJ"lJlJmiﬂgfﬁJﬂ’Jt’JEﬂWﬁ 2x YT uadinag
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dunauaana1lsuias 100 TuInsansaea1ue111s UUDIHIT TSA (Oxoid) Nl 10 mM
] PY a = I o ' v 9
MgCl, U TAfgungil 30 ossiwaiBod 1iunal 14-16 2 T AoumiudIsasazate 1
Aa Aaa d! 9 ad v A aaAa Y 9 d‘
Hadans ¥31lsznouaisenl§Iuces i leFy 1aznIAMIAATN ANUTNTUNINAITINN 3
A o oA AN Yo a A L4 4 . o w
ioARRon Streptomyces N 193 UNAATANTOIONTADUIUNUN (ex-conjugant) AR

E. coli MU0

6.3 MIANEITZANTNINVINIABUYPNFUANANATLHIN S. venezuelae W8 E. coli

ET12567 (pUZ8002/pSET152)

4
msnaaesilagineuynduaanalagld £ coli ET12567 (pUZ8002/pSET152)
1< a o 1<
Wud1 et lude 6.2 Tasiimsan lugesannzie msldadesues S venezuelae 1ilu
Yo 9 A A I Yo o A a o
450 waz 1 ludidenuea S. venezuelae 1Tug5y Arunmnlszansnmvesmsaouginduag

o o ! v o 4 Jo o J A A A 9q Y
ﬂ”ll!%ﬂl%”lﬂ@ﬁﬁﬁ’)‘lﬁ%ﬁ’JNm‘Ll’JLlL@ﬂ%ﬂﬂuﬂuﬂuGIf‘l‘U%”I‘L!’Juﬁ’ﬂ’f)i‘l/ii’f)ulm%aEJiJEU’fNEﬂﬁVI

vl
l¥nariua
4 4
6.4 NMINTIVADUDATADUYUAUN

o ~ o 4 A A an o ' a
uﬂﬂiamaﬂ%ﬂauguﬂuﬁ Vlﬂﬁlﬂﬁ\?'ﬂu’ﬁlﬁ/ﬂi TSA TI?J?J'I“]JQGB’J‘H%@Qﬂﬁ'I'J 2n 10
A A o 9 an a 3 o w . A A 1 o
39U !,‘WE]EJ‘L!EJ‘L!NaﬂTiG]TL!‘VITL!‘(’J1“]J§]“]5’J‘14$i]1ﬂ1/‘lﬁ1ﬁhﬂiﬂ]ll1/l\iﬂﬁ]ﬂ E. coli NI DgUN
= L4 A a £y A an v aa 9y
Tfﬂamaﬂ%ﬂauguﬂummﬁ]mﬂﬂuummﬂnumﬂgmuz"lﬂﬁmmamamma 3.2 188
A a = Y v Aa 9] 4
mnﬁaﬂmﬂm‘wmﬂmmaumumazwa‘mﬂ%u I@EJGLGD'VI,WH?J?D? Apr C-1 tiag AprC-2

. s
(915199 4) U5V 5.4

vendaougunud llasnaeudumuanmsunsndiveswaiaiia pSET152 lu
TnsTuTay Tavanalns Tu TsuauiTve 3.2 4aziii Southern blot hybridisation M¥3TVe 5.7
Tae % InsuUI N atP ¥4 pSET152 Tasmsdanaaiiaaiaou laidadumie Sacl uay

Hindlll 1§ Twsuvuia 2.05 0 Tarue

Gli?%ﬁ@’ﬂﬂTSﬁQLﬂSTSﬁ’ﬁTSﬂaﬂLLSMWLuﬂﬂﬁ VA S. venezuelae JABNTNTIVAO

a 1 dy = 1 QA
mstnald (clear zone) MBIFD E.coli IM109 Vluhﬁﬂﬂﬁ’ﬂlﬁllwuﬂﬂﬁ
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a dy
7. Mm3laauaz I Iziau aroE Tu S. venezuelae
P ¢ A a a
7.1 ﬂﬁ@@ﬂll“].l“]JVlW‘i!JJE]‘il,l,agﬂTi!,‘Wll‘]JiiﬂmfJ‘L! aroE

P o [ o w a
20U TN NI MWL AUIY aroE TasmIs1uTIa e UNIADLH THutu
a v A Aa 1 9 o o w a [ [ o
aroE Tuyena Tuijaanniieglugiudeya GenBank Haziddunsnozl luaanaimim
. . Y 9 a v . 4
multiple aligment A28 11U51n5U ClustalW 1.82 LAIMIVINUDUINY (conserve region) 1o
P A a ~ 0o A
ponuuy Inswes Taemaiulsunaey aok 910 Tas Tulwuved S, venezuelae TaoMIMNG
P A v { Y o {y) o v
213133 lude 5.4 luanzimunzay udnihwanld lilasraeudrsozmlsa
ad as as 9 09.:’ A A 9 0o AA d Y a
wasiaa Ins WsFaawaslude 5.1 mmiuTaaudun lannmsmiidersingwaraiia

4 9 1 ad 9
pUCI18 tagnsanasudng E. coli XL-1 Blue M35 1419 4.5
A 9 Y] a an 9 a g

asavaonInaui la lasmsadanaraianuis lude 4.2 uaziiga TnauTagns
v 9 Jdo o A eﬂj Y as ad ag A
daaleeu lidad iz Az ey 1nduuenyuIAdeITezn Isawadian Ins 1N5Sd e

Y Ay o 09}/ o w = ~ o w v A Aa
1@ Taauidesms thinawiu ldmarduwanazSeuieuddunanuiv aok niilu
Y
PRURLET
7.2 MINTIVNGU aroE A28 Southern blot hybridisation
o % 4 do o {
a3 TuTawuea S. venezuelae Tdalanysaidroeu ladaad uwiz Nimanzay
ad an ) ) .. . ad

wazuenyuia lagezm Isaasian 1ns 1053 a 111110 Southern blot hybridisation 113515
99 5.7 Tag 19 Insuiasonldnnde 7.1

7.3 M5 lnaudu

4 < o . ) o A
1aon InauFUADWDINNANITHT Southern blot hybridisation Tud® 7.2 TavAaTu

aa Ay v ad 9y o g‘ A A o
m’ama‘nsﬂmmﬁ.ia’aﬂmﬂazﬂﬂim%aLmzﬁﬂﬂmaummmm 5.2 m“lﬂm’simawmmaﬂuﬂu’n
4 4
v KR o

AAa Aag Ay 9 o AaAA o a d ~ @ Y 9
HYUAUDUIDNADINITAIYNTTINTINEDT mﬂuummmaumﬂﬁﬂﬂqﬂ Tﬂaumnvlﬂﬂlu pJET

. { ¥ ¢ . .
1.2/blunt cloning vector (ﬂTWﬁ 10) Iﬂﬂ%ﬂ;ﬂqﬂﬂi 2 CloneJET PCR Cloning Kit (Fermentus,

Y 1
UsA) astaaou IaauIagn13ni PCR aniiu@en Inauimuizay s duwa
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pJET1.2/blunt
2974 bp

WA 10 Waaila pJET 1.2 blunt

#31: Fermentus (USA)
= Y d‘ =) +4 as U v
8. NMIANHINHUINVYDIYU aroE VYOS S. venezuelae mmmaugm‘mmdaqa
9 a A oA A o (o
8.1 ﬂ”l'iﬁSNW?ITﬁilﬂﬁTﬂNﬁiJLWﬂﬂ”lfJuﬂﬁﬁﬂ%u

Waan IAaueu arok Wmaaiia pUCIS muAean1sudd adersumidue
aenarudngwaiaiia pSETIS1 (Bierman et al., 1992) (MWl 11) Fuduwaradianyy
mobilisable a3 msnsmanesudng E. coli ET12567 (pUZ8002) dmusineugndusnig

anaso |1
8.2 MIADUYPNTUANENA

8.2.1 M3IA3OU E. coli {1

o dy d’d a 9J dy 9J A
UUFD E. coli ET12567 (pUZ8002) Nuwaaialude 8.1 vuasstwanlu
A ad v A v A ara Yy 9
91113 LB 1/11181‘]]@]%’31!363‘1/\!51%8@]5‘14 MUNeFY Lae Aaousuinoa muaNuINIL Iy

A A J 9 A aa Y dy oA a A
AT NN 3 19D3T1FAA 1:100 89111135 LB ‘1/11181‘]J§,]°1f’3‘1!$ LAUUINDNTNITIAN DUNA



Y v
a ) 0832119 0.4-0.6 10 uFon 1d 500 lulnsansans

A A A
AANAULTINANNYIIAAU 600 (OD

k4 U ]
éjN 2 ﬂ%\‘]ﬁlﬂﬂ’ﬂ”m”li LB @mmﬂauTﬂﬂmﬁ‘i"Jum%mé’aaza18114@11413 LB 151103 500

Tulasans

"HindIIls 0/6.20

3
=
-4
S
S
g

BamHI

Sacl
Kpnl
Smal
Sall
\ Pstle
\ Sphls

lacZa

4.66 BanHi-Bglll
4.61 Dral

pSET151 bla

6.2kb

MWA 11 wanadia pSET151 Alsdmsusidudaasusulu S, venezuelae

#31: Bierman et al.(1992)

8.2.2 MIAITY S. venezuelae Ej%ﬂ

= g 1A a 9
(A8 S. venezuelae IuDIMTIMAZIAL TUVIAT BN NNVARIATYT 9
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I Ay 1 4 0o <
Wuegniuvia Tagldarsazatsalosaaluemismiad Tryptone soya broth (TSB d1u5931))

@ 1 [l 1 { a <3| o
Tugns1aau 1:100 1961 200 PUABUIN NYUNYI 28 BIRUHALFEE 11UDA1 24 H2Tug

8.2.3 MIMABUYNTUANEND

o an 9 A a a
MewasTude 6.2.3 o1 MS Nl 10 mM MgCl, waznsaozd Tun3il
Tnlu Wilaezaniiu TnTsdu edrvaz 40lulnsniudeiiaaans Uy Ngamngl 30 o
= I o J v Y A Aaa = Y an
saied unal 14-16 %213 AoumiiuAaIsazaiy 1 Taaans alszneudisenl iy

aaAa Y 9 A:; d‘ [ A d'
"lﬂ@ﬁmsﬂ‘neu HAZNTAUIAATN MUANMUVNIUIUAITIN 3 IWOAALADN S. venezuelae N
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Yo a o w o v 0911 o = dy d'd?l A
"lﬂ'i‘]JWﬁ”lﬁilﬂ 1Az E. coli Mua1au 11niuziiila ladlveudenauu "lﬂwaawumms
A as a [ U = A A o 9 as
MS ‘VI‘JJEJ”I‘iJ;]GIﬂu%ngﬂiﬂ@mJTuﬂ\iﬂan on 10 591 Lwaﬂuﬂuwaﬂmmuwmmﬂgmuz

k4 [
NNNANANATINNINAA E. coli THauNAD0Y
a d v d
9. MIIATLANEWUENAYVRI S. venezuelae
v J Y o A=A J
9.1 MINTIAOUNYNUFAABAWMININYO13

o 4 { a { a o <
i InTaflmenugnatonnsg lduuemsnlion§Fzus llanadivuennde
A a a 4
3.2 nagasdoy Tasmaulsinaduduenl e 1s Temasnou (snlaold Inswes
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ET12567 (pUZ8002/pSET152)

msnaasstivziimsaeugnduasanalagld £ coli ET12567 (pUZ8002/
pSET152) ludl awislude 6.2 TasAnuluassannzie msldailosuoa . venezuelae
Wudsy vaglF ludidouves S. venezuelae \HufTy

U

a A [ J [~ [
Uszansnmvesmanouyndulaeldatlosves S venezuelae 1IIUATY

U

J < Y Jd 1
M3 ldaosves S venezuelae 1 TudsD Taolianududuaiosoglugag

U

9y 9 '

1 A Aaa o ] d o
10™-10" er1losaoiiaaaas udnhmwndearlddianududuedlurie 10-10° ailes 1y
9 o VoA a = <
nszAuUMIILNYadaos laslinnguwgil 30, 35, 40, 45, 50 Las 55 oA UFATEA (TUIa1 10
= (% o % d‘ (% A d‘d a % Y
WIN HAWINTIABUYNFY tipAndon Inaununaraia pSET152 Tagmsimnnuaieen
UfFvzezwswodu Wudwaulalafineigy lduuemis tazdnalszaninmmsnouy
v J ' o o . ! A A J
nFUANANa NUNMINIAOUYPNFUUUDINIT TSA (Oxoid) NI MeCl, 10 Had Tuars 14
a A 4 oA a A 1 1
Uszd@nsnmgegaiionszqumssenvesailosn 40 osrnaarfoa Jiszaninmeglugia
-5 -4 4 1 Yo A A FI ' % '
10°-10" BAFADUIUAUAADHTU (NNN 12, 115199 5) FINAIGINIIABUYPNFUANTNAVDI E.
coli ET12567 (pUZ8002/pSET152) ag S. lavendulae FRI-5 1ag1lse@nTamuue1ni1s Ms ag
' - 4 Jd o a A y o '
Tuw29 10° tondaougunuAAeRi Y (Kitani er al., 2000) Taglszaninmozanauiodasidiu
Y9 Y1 Yo A 2 2 = q v 91 7 A
VoI 1HaoAS VNN Fagangiitaznainlslumsnssqumsenvedatos iulinanens
o ' ' 9 o oA I~ <3|
ARUYPNTU 15U S, lividans WUNMINTTAUALDs Iagunn 50 aerusarsad 11ual 10
Y
Wi hldlszannmmanougindugaiu 5-10 1911 (Mozodier ef al., 1989) 1A 1 S. verginiae
é [} 1 9 Y Aa A d'd d' (= Y <Y 9
Fq lunudeanuiou sz liisz@nsnmnaiie lilimsnszqumssenvesalosarennuion
4
(Voeykova et al., 1998) Tagilsz@n5nmmsdanie wardia pSET152 191q S. venezuelae Wu)
mlndiResnumsinanougnduves pTol Taeld E. coli S17-1191¢ Streptomyces 311U 16

v I a A ] ' - - 4 1 [
menug diszaninmeglugie 107107 endnougunuaaofsy (Voeykova et al., 1998)



43

H a A o 4
ﬂ]i1\1ﬁ 5 Llﬁﬂ\iﬂﬁ$ﬁ°ﬂ‘ﬁﬂ?WﬂJ@QﬂWﬁﬂ@u@]Lﬂ%uIﬂﬂﬂﬁ$$§juﬂ1§\1’ﬂﬂellf]ﬁﬁﬂ®i S. venezuelae

v
[

U NQUNNAIe)

e

a o P A A %
AN (°C) fwouadesisudu Usz@nimmuesmsaougndu

4 1 o
(lONFAOUIINUAADHTL)

RT 3.55x10° 45x10"
35 3.45x10° 52x10"
40 3.15x10° 6.9x10 "
45 2.65x10° 45x10™
50 2.05x10° 127x10™
55 6.25x10° 1.7x10°

a A [ < Y
Uszansnmvesmanouyndulaeld ludidouve S, venezuelae 1HUASY

U

Y
(] 4
1889 S. venezuelae 1naldasazareailosasluemsiviad Tryptone soya broth

a =

(TSB d15931)) Tudasrau 1:100 v 200 ouARUT Hgainigil 28 peraiFod Huna

QU

) Yy 9 S A o Y [ 10 11 J
12,24, 36 waz 48 1113 anududuves luddennhunldoglusie 10°-10" waade
A aa Y A Y 9y 9 [} [} 5 6 d 1 A Aaa o o Y]
Naaans uaadeINIHNANUTNILEY 1UYI9 10-10° Ivaadelaaans HaIINIIABUYPNTY
I ] @ @ 4 o a A o
TagldsmauRernumsnougndulaeldales uazduimlszaninmmsaougndu
1 ' o o . { Aa A J
AN NUNMINADUYPNFUUUDINT TSA (Oxoid) N MgCl, 10 Had Tuans
a A 1 1 - - 4 d o | : [
Uszaninmedlusie 107°-10" wngaouguALAaeds D (A15199 6) Funlounumsaougn
7 5 1 v a A 1 - 4
dulaeld ludi@enued . peucetius Faadraatlos 14 14a nudidse@nsa i 1.5 x 10™ tond
Jd [ v 1
ﬂ@u@LLﬂuﬁﬁﬂﬁjﬁU (Paranthaman and Dharmalingam, 2003) Tﬂﬂmsﬂaugm%mzmn E. coli

uaz S. venezuelae 1szansnmgagaiio 14 ludideniiony 12-24 2 Tus



44

d' Aa A o 9’ A A d‘ 1 [
13190 6 Llﬁﬂ\iﬂﬁ$ﬁ°ﬂ‘ﬁﬂWW‘U’(’Nﬂ']3ﬂ@uglﬂ‘;})’uiﬂﬂi“§llwmaﬂwuﬂﬁ S. venezuelae N®1YANNU

mgr‘f;’a Snuadisudy Y5z ANTNNYINTADUYNTY
(#1T09) (lDNFADUIUNUAADHTL)
12 1.37x10° 6.07x10"
24 3.55x10° 6.20x10"
36 1.00x10 ° 5.80x10°
48 1.45x10 ° 5.60x10°

donSeuifvulszansamlunmsneugndussanalasldaosves s
venezuelae 1R a2l uGiRonvos S. venezuelae iHugF wulszAngand 18
AU (10°) IFUABINUMIADUYPNTUILHIN S. fradiae 18E E. coli S17-1 (Bierman et al.,
1992) UANIADUPNTUITEN I S. toyocaensis uas E. coli S17-1 nuiuile 1 luFidenlums
ﬂeumﬂéﬁ’uﬂxﬁﬂizﬁﬂ%ﬂwwﬁ1ﬂi1ﬂ1316§’ﬁﬂ@ff(Matsushima and Baltz, 1996) agWu31n13

@ Y S A ] ] . .
aougndu Il ludiden lulszauanudusolu S, natalensis (Enriquez et al., 2006)

2 A o gy Vo ¢ )
mﬂﬂﬁﬂ@a’ﬂ\‘]u?ﬂuﬁma’E)ﬂ‘ﬂ'Iﬂ@u@!,ﬂ%'ullﬂjﬂﬂi%ﬂﬁﬁﬂﬂﬁjﬂﬂﬂi%ﬂuﬂﬁﬂﬂﬂ
P A a I =1 A A I Yo
mmaﬂamqmwgm 40 ersalFed 11181 10 WIn uaz"lwmﬂmm S. venezuelae nJuggsu
dy a A o 1 I = 4 as.:‘ 1 9 1 [
Iﬂﬂ!ﬁﬂﬂulN%LaﬂNﬂng 12-24 GI)"JI?N ’E)EJ'Nllif‘lﬁHJ ﬂ']i!,Gli‘c’JiJﬁ"]Jﬂiuuﬂ@uﬂlNQQmﬂMWﬂﬂDW

9
Y

9
dainlumsnaassnssae lUSudonlF luddeuiludiy

MIATINADUIONFADUPUNUA

= 4

4 o as A
ﬂﬁ@i?ﬂﬁi’)ﬂl@ﬂ%ﬂﬂﬂ’}]uﬂu@Iﬂﬂ’)‘ﬁwcﬁﬂ"ﬁ

Y
~ 1 a [l J
mIasndeviliazavaeu wardiia pSET152 lah liegluendnouy
Jd a Ja A A 4 =S 9 v a A 1 a ) =} 4
unuAvse Taeldsidersasromiduameesnsniesuioguunaraiia 1hiaTationdgaouy
s A 9 A an dy A an
unuansg lauuemis TsA Ale§Fiue lilidesluemisiiad TSB flenliiugezns
v A A v A Y o ag A o 9 o AaA s A a oA
Hesu modanaaue wdnhavwendanald lasvdeuTasmsiiiders mulsuadun

v A v A 9 o A v YS A
mumﬂgmuz’asv\ﬁmwu TﬂﬂﬁlsﬁulWﬂllﬂﬁ Apr C-1 uag ApI‘C-2 (?5]15']\11/] 4) WU'J"IllﬂGD'u@ILﬂu



45

1 £ 9 A =~ ~ [ o AA J = Y
VYU 900 ﬁ]L‘Uﬁ mgﬂumummmmmi LllE]L’]JiEJ‘lJWIEJ‘lJﬂ’]Jﬂ'IiVHW“I)’E]ﬁ‘U’EN pSET152 Glf\ﬂ"]f

I L. ] a o JaA Jd o 1 A
1114 positive control wag inuraasusindorsainanlu S, venezuelae (MW 13)

M 1 2 3 N S

0.9 kb

d' 4 d Y a A o A a A A 9 ad
MW 13 MIasdoUBNEReUNUAAI8IT TS TasmsminSinatundenl§iue
pznsWodu A8 Insmes Apr C-1 1ag AprC-2
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M) ozmlsawasianIng Isaaveslas Tulsuidadown el Sacl
(V) Southern hybridisation
M = 1 kb DNA ladder, 1931 1-3 = tonfaeugunusii 1-3/Sacl,

P =pSET152/Sacl/Hindlll, S = S. venezuelae/Sacl
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wild type
| attR
S1 X H3
probe (2.05 kb)
pSET152
probe l probe
S1 H3 S1 S1 Sl .
& atil. ‘ ‘ atiR ‘ exconjugant
(B P apr B ool >
I« > T A
2.0 kb APRC-1  APRN-2 e

MW 15 Msunsndlvesnaraia pSET152 1911011 Tas T Tauves S. venezuelae

S1 = Sacl H3 = HindlI, apr = SUd g0z ns1ioduy
o a ara L4 4
MIasdeUdugIUINeIazMIas Ao uTlinoavp O NFADUNUA

= [ a L4 4 9 [ A A 4
NNMIANBITUgIUINGvBUONEADUUNUA Taun dnvme TaTail Fvosdiles
< T A w A o | ] = [
VUM WUNTdRYUIMTOU S. venezuelae tesug 1d Indlnnlsems muRedadums
1 1 a 1 4 o 4
damenaraiiadng S. lavendulae FRI-5 (Kitani ef al., 2002) taztiioritengaougunud 1
Y
nageuMsanasusuiliinoa 1ae3T agar plug assay A59a0UMIIAA laaelie E. coli
d' 1 araAa =i =1 [ Y] 4 o 1 4 o
M109 i lhaeaasusuiliinea wisuivudumeiug 1 Ind nuinendaeuguauddang
araAa Y] 4 L { 1 o
annsoadunasusuilinea ldmiloumeiug had Inil (nwi 16) naasiimsunsndves
a o 1 i A -4 o’/’ 1 T o o
wanardiadn 1111 Tas Tu T lud g axB Mnatuniu lidnaseanyazniail Tu'lnives
[ 1 Y] 4 ara & ] Y] a
S. venezuelae 1Az JTNAADMITUATIZHAADUIUNUADA FIA19IAMIUNTNAVBINAANA

pTO1 191 Streptomyces NiiHasoM a3 19T IzUAZNTITY (Voeykova ef al., 1998)
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MNA 16 MIATIFUMIATINaoLITUTLADAAD E. coli IM109 #3877 agar plug assay
4 S . Ao ara
1 =S. venezuelae, 2-4 = 1PAFABDUIUNUAN 1-3, 5 = paper disc NUAABUTUWUADD

2 luTasnSusoliaaans
a iy
2. Mslnauuaz InNzvie aroE W S, venezuelae
4
2.1 misonuuy Inses

A o [ o w a
20U INSBI NI MNZADIU aroE TAsMITIVIINAIFUNTADL T TUUD U
a v oA A 1 9 o o w a [ U o .
aroE Tuyena Tuisannleglugiudeya tazihdaunsaesil THAING1IU multiple
. v v a v . A
aligment A28 1151054 ClustalW 1.82 LAIMIUINIUDUINY (conserve region) teeanuuy Ins
s 1A A v @A ¢ Yo ~
woes wuniuinaeysny Aawnsaeenuuy Inswesiiu forward uag reverse laganni 18
Y Aa N4 { a . .
Tagl9usmeyiny Ao DNTDIPG az QVEQMTG NU519% N-terminal 118 C-terminal
o w 9 = o W a [ 1 I 0o w A a 4 A 9
audau udmlasudvuvensaesil Iudgsnaruiludiduiinnalelng Tasaenld codon
J A

usage VB4 Streptomyces WUNTIN5000NUUY 1N WBO5IUVY forward fiD ATTO61F waz Ing

4 = Ao v A a J o dsl
WBILULY reverse D ATTO61R Iﬂﬂﬂﬁ?ﬂﬂuﬁﬂﬁj’ﬂq‘ﬂﬂﬂﬁu

ATTO61F 5’ TTTAAGCTTGACAACACCGACATCCC(G/C)GG 3’

ATTO61R 5’ TTTGAATTCCCGGTCATCTGCTG(G/C)ACCTGG 3’
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210 1151005 ATTO61F 1az ATTO61R dana1n lamiudmisdavoseu laida

o ! 4 o w
AUNIE HindlIll 18E EcoRI L‘l%"lﬂﬁﬂﬁ”lﬂ 5 6lJ’f)\‘luh/\l'iLlJ’l’)i§°EII}’JEJ£5IHJZ’1”IWJJ

Q)
Mycobacterium_tuberculosis
Mycobacterium_bovis
Streptomyces_coelicolor

Streptomyces_avermitilis

Consensus

Nucleotide

(V)
Mycobacterium_tuberculosis
Mycobacterium_bovis
Streptomyces_coelicolor

Streptomyces_avermitilis

Consensus

Nucleotide

WRA-
WRA-
RRTG|DNTDIPG
RRVG|DNTDIPQ

DNTDIDG

DNTDID(

VAGALG----AAAGHALVLGSGGTAPAAVVGLAELGVTD 143
VAGALG----AAAGHALVLGSGGTAPAAVVGLAELGVTD 134
IAAALREHGIEKVESAAILGAGATASSALAALARICTGE 127

MVAALRERGIEQVDSAAILGAGATASSALAALARICTGE 150

DNTDIPG

5> GACAACACCGACATCCC(G/C)GG 3’

QAFA|QVEQFTG

QAFA QVEQFTG

QAVL
QAVI

+LPAPREAMTCA-LAALD—269
+-LPAPREAMTCA-LAALD—260

QVEQMTG|RAPAPLAAMRKAGEHALADR 255
QVEQMTG|RSPAPLDAMRRAGEHALAA- 277

QVEQMTG

5> CAGGT(G/C)GAGCAGATGACCGG 3’

Reverse complement 5’

CCGGTCATCTGCTG(G/C)ACCTGG 3’

~ A o o Hq v s
NNN 18 UINUDYINHUDI AroE ﬂi‘ﬁﬂluﬂ'ﬁ@@ﬂllﬂﬂq‘wnﬂﬂﬁ

a v a v
(MUITIUDYINY N-terminal (V) V3IUDYINY C-terminal

2.2 MINVUSUIY aroE

A a =~ o A s Y
NS aroE 910 1a5 Ty w04 S, venezuelae TaomMIMnae1s ae ns

1105 ATTO61F 1ag ATT061R Noonuuyu 13 lude 2.1 Tasldannzanasde 5.4 Taeii

gradient PCR 101 19u¥adl annealing Mmanzay Taguilsguugl annealing 531314 55-65

= 1 Aa o S A SN YA a2 d Ay [
RN RIS I%HG] wmmammmw«vmim”lﬂmmmmummmmimmmJinmx 500 g

9 Y a2 d A 1o . A ] v ad A 1o ;
Wifmﬂuwuua‘umaumm”lummw (non-specific) ‘nmum“lmumm Lmumemem"lmnwwu

A a . 1w = dgj 1 = @ a g
WAAAUNIYUNHY annealing IN1NY 61 DIAUBALTYT GIJ‘L!uh_I LUAVUSIAYINULUDUALDULIDUUIA

' Ay o A Yy v Y} A v o = A A . A
500 QL‘Uﬁ‘n@a@msuuummmuua&mma (mMNN 18) muummaﬂqmwam anneahng N 60

= Y A a =~
perrarea V1% 1umsnulsinadu aok 10 1as TuTsuved S, venezuelae
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M1 2 3 4 5 6 7 8 910 11 12

0.5 kb

R B

d‘ o A A d Y 4
MNA 18 HamImide15ale lngmes ATTO61F uag ATT061R 910 1ag 1u Tayueq
S. venezuelae
M = 1 kb DNA ladder, #1897 1-12 = 994 annealing 71 55, 55.3, 55.9, 56.7, 57.8,
59.3,61.0, 62.7, 63.5, 64.3, 64.8 AT 65 VIR UBAFIT AN 1AL
09;1 [ Aa o s 4 ad 9 Y o 9
NATUFANANAANUNATDITVUIA 500 1UTINDANINITUD 5.2 HAINANIY
Cu o ) v A 2 ag A v v
U lsiAAI NI HindIIl ey EcoRI ¥39zdavusnailatgvesruamueaniui ldesnuuu1An
s A 1 Qy a2 d o a 2 W 9 d a A @
Y 5> vea lnswes WeuresuAMwenUNAIala pUCTS Fedaalaeu lasiytiamedny
o 4 ] { @ Y
i linsuanesudng £ coli XL1-Blue asnvaouInauild Tasmsdadaeou laida
o ad an A VA Aa
Jumztazuenvia lagezn Isawaoan I1ng IWSxd (mnh 19) 1isenaraiiail pATTS02

udnilaauidenld lumidduudnazlSeuounudu arok 1l lugudoya

3.0 kb

0.5 kb

4 do o
MNA 19 wamsnaaevlnau pATTS02 Aeeu lyidadumiy

M =1 kb ladder, 1 = pATT802/EcoRI/Hindlll, C = pUC18/EcoRI/HindIll
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a o’Qy a g ~ 9 o A A 4
2.3 msamswzw%umameﬂﬂmﬂmsmwmms

Wmanaiia pATTS02 TmdduwaTaeld lnsimes M13 forward Jddduie

$au 1,027 g Welnsgrudnunlsznoudiodiuvesnaraiia pUCIS agaIuueq

U aroE WodAndIuvBIVRINAANA pUCIS 90nWUI1 1AU aroE A IAUILAILIA 454 )
Y~ a a ~ A o o w

wa ansautasiadlunsaeziTuvuia 151 nsaezi 1 (MINWAN 20, MARNKIN) HBA1AL

nsaozdl Tui 1d lnlSeuiioudugudoyalasldlsunsy Blast nunfianundroadany

2 A A 9y
U aroE NINYIV

aalumsduasizriton ol shikimate dehydrogenase Tae 2 SreuusnUM

A . . A A Il R YWY 1A
ANUMoU (identity) gaigad 76-77 1Wosidua 49 '18un GU aroE V04 S. avermitilis MA-4680
(NP_828029) ltaz S. coelicolor A3(2) (NP_625778) :nnanumileuilnaaalfifiunguounla

1 1< a & & 1 =~ A A 9 [ 4 4 .
mﬂmﬂumnmwuwmgﬂluﬂu arok mﬂmmaﬂumimmiwm’au"lcm shikimate

dehydrogenase U470 shikimate 14 S. venezuelae

1: CACACCGACATCCCCGGCATGCTCGCCGTCCTGCGGGAGCGCGGCGTCGAG
- T D I P G M L A V L R E R G V E

52: AAGGTGGAGTCGGCGGCGATCCTCGGCGCCGGCGCCACCGCCTCCTCCGLC
18: K v E s A A I L G A G A T A S S A

103: GTGGCCGCCCTCGCCCGGATCTGCGGCGGCCCCGTCACCGCGTACGTCCGC
35: v. A A L A R I C G G P V T A Y V R

154: AGCGAGGCGCGGGCCGAGGAGATGCGCGGCTGGGGCGAGCGGCTCGGCGTG
52: S E A R A E E M R G W G E R L G V

205: GACGTCCGCACCGCCCCCTGGGACGACGCGGCCGAGGCCTTCGCGTCCCCG
69: D v R T A P W D D A A E A F A S P

256: CTGGTCGTCGCGACCACCCCCGCCGGCACCACGAACGCCCTGGCCACCGCC
g86: L v v A T T P A G T T N A L A T A

307: GTCCCGGACGCCGTCGGCACCCTCTTCGACGTCCTGTACGACCCCTGGCCG
103: v p D A V G T L ¥ D V L Y D P W P

358: ACGGCACTGGCCGCGGCCTGGTCCGAACGCGGCGGCAAGGTGGTCGGCGGL
120 T A L A A A W S E R G G K V V G G

409: CTCGACCTCCTGGTCCACCAGGCGGTCCTCCAGGTCGAGCAGATGA
137: L. b L L V H Q A VvV L Q V E Q M

MNN 20 LIS 1AUNTADL N TUVDIEU aroE 0 S.venezuelae TUNa1aia pATTS02
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2.4 M3ATIVNIOU aroE A28 Southern blot hybridization

Y I 4 o
ANALOUIBVDY S. venezuelae ﬁ’wmullw Sacl, Pstl, BamHI ilag Kpnl u’?ﬁm@xm
ad a { o a { 1 o
Tsawaoan Ins SaEa (mwd 21 n) vhnaralia pATTS02 RNAIUVBIEU aroE MHAAIY
Jo o a ax g A = a =\ A
o lyidas e Hindlll uagdanainauisye 5.7 twem3on InsulumsAaa1utu arok 1o
o ' o < { o
"1 Southern blot hybridisation 1M1 11 |AdUNNUDVRDUD S. venezuelae NARAIY
Sacl, PstI wagBamHI ¥119 Uszanail.5 A lawd, 6 A latd 1agyu1auInnil 10 n lawd

o A Aa g Ao Y 4 9 aa A ' a
AU[RY (NINN 21) mmzmm@ummﬂmﬂmuhu Kpnl °lmmumaummmﬂﬂ’n 10 ﬂImllﬁ

-
——
S . 35kb
=
-

-+—1.5 kb

MNR 21 MIASINNTEY aroF V04 S, venezuelae 47635 Southern blot hybridisation 1A
1% pATTR02 A& Hindill $iuTnsy
) ozmIsanasidalng Wsda voalas TuTwuved S, venezuelae Hifadoioulas]
AADUNIZ (V) Southern hybridization
M =1 kb DNA ladder, 1 = S .venezuelae/Pstl, 2 = S.venezuelae/ BamHI,

3 = S. venezuelae/Kpnl, 4 = S. venezuelae/Sacl, P = pATT802/HindlIll



53

2.5 M3 IAAUIY aroE

A Qy aad Ao Y 4
manTmuwmaummm S. venezuelae ﬂ@lﬂﬂ’)ﬂlﬁ]uul“ﬁ‘n Sacl vialszum 1.5

Alaa MAMadyQ I8l Southern blot hybridisation IAgAa 1A3 14 Twuv04 S. venezuelae 1%
Y E& [ A o ad [ 1 ~
Aroen lyiaana (nmh 22 n) uavanauauAdUEAINa1IDENINNE (AINA 22 V) 1Ay

a g A o 9 0o A Y s £ =
asnaeuARueianald laemsiiide1saelnsmwes ATTO61F uay ATTO6IR FINUIA
1< { o 1 1 { o 1< { @ Qs.l}
wueianalaldmvesdu aok og (nmn22 a) 39 ldhduenana latiuliada library

4 Ed
Tagns Tnaunanaiia pJET1.2 blunt @329 library Haviua 1,023 Inaulasmsides
v 4

Taauuy pool May 10 Taau udrananaraaiaia pool WieuAY LAINIATIVETRLLAA ool
Taamsifide15ase w315 ATTO61F Hag ATTO61R (MWH 23) NIUNIZADIU aroE WL

o

~ Y a s & ' v a A A '
pOOl n7 llﬂwaﬂﬂmm EDITVUIA 500 @,L‘Uﬁ !lﬁﬂ\?j’lu'ﬁlguiﬂauﬂuﬂu aroE 't’)g‘]

()

1-2 kb

1-2 kb

= 0.5kb

d' [ aa Aaa ad A 4
MAUN 22 MIANAUDUALDULDNNYU aroFE Llﬁgﬂﬁﬁﬁ]ﬁﬂﬂiﬂﬂ?ﬁwcﬁ’ﬂﬁ

a g ) 4 A g ~ [
(N) ALULDUDN S. venezuelae dadaeulwl Sacl (V) LD UALDULDNTNADDNIINLIA

o

VA 1-2 dlae () Hans N NEe15a28 10103 ATTO61F 1tay ATTO61R
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o . A :1, dy o a VA o AaAA
11 library pool 11 7 114 10 Tnauwmeni@es wazafanaiaia lnuierin
4 ~ = 3 v v & 1 F2 A A
91503 A0UTY aroE Bnazanteglulnaula Fanunldlnauniiou aoE ogiouynTnau

v ’ o v ] ' v 0o o Qﬂ: ]
Tagiden Inauilinavesiidorssamuiiga (i 24 ¥0903) llmdwuwa Taeasde Taaw

1 pATT804

M1 2 3 45 6 7 8 910 11 12 13 14 15 16

J

AT 23 A321901 DNA library ALY aroE TAg 3R afanataiauuy pool r0msiniiaets
M =1 kb DNAladder, 1 = clone 161-170, 2 = clone 171-180, 3 =clone 181-190,
4 = clone 191-200, 5 = clone 201-210, 6 = clone 211-220, 7 = clone 221-230,
8 = clone 231-240, 9 = clone 241-250, 10 = clone 251-260, 11 = clone 261-270,
12 = clone 271-280, 13 = clone 281-290, 14 = clone 291-300, 15 = clone 301-310,

16 = clone 311-320

—

0.5 kb - g

M 24 as9aeu InauInnaIaia pool 1 7 TaedsHidesaqe lnsues ATTO6IF uaz

[

ATTO61R Tnauilion arof Iindadmaifidens vua 500 g
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2.6 ﬂ”nsmé”nﬁ’umﬁuaﬁmswzﬁ%‘]u aroE 30 S. venezuelae

mawuavedlnau pATTS04 Taeld lnswes ATTo6IF laddumavinn 836
TS wuaduvesdu arok vina 525 gua eansoulaswenilunsaeziiTuvuia 175 nsaey
31 Tu Tag'ld1ua1mv04 stop codon V08U 1andI1 IAGUATUNIG C-terminal HENIINTTLEINL
Aoty aroC MFumsdunsiziiien lal chorismate synthase 11438 shikimate daoen'ly
910 stop codon YOI aroF 143 guuid (MW 25, maruan) dethdwunsaezii Tui 181
wieudendugudoyalae]d Tisunsy Blaste nuhdanuadiondeiubu arok Mnutes
Tumsdunsiziien s shikimate dehydrogenase FaiimATumilon (identity) f1 AroE Tu
gudiona #918UR S. pristinaespiralis ATCC 25486 (YP_002197227), S. clavuligerus ATCC
27064 (ZP_03183927), S. griseus subsp griseus NBRC 13350 (YP_001827549), S. coelicolor
A3(2) (NP_625778), S. avermitilis MA-4680 (NP_828029), S. sviceus ATCC 29083
(YP_002204773) ,Salinispora tropica CNB-440 (YP_001158671) Uag Mycobacterium
tuberculosis H37Rv (NP_217068) Taglia1anuyiideuniny 83, 81, 79, 78,77, 77, 47 uag 39
wWesitud mudiay

aroE

1: CACACCGACATCCCCGGCATGCTCGCCGTCCTGCGGGAGCGCGGCGTCGAG
i1.-# T D I P G M L A V L R E R G V E

52: AAGGTGGAGTCGGCGGCGATCCTCGGCGCCGGCGCCACCGCCTCCTCCGLC
18: K v E s A A I L G A G A T A S S A

103: GTGGCCGCCCTCGCCCGGATCTGCGGCGGCCCCGTCACCGCGTACGTCCGC
3: v. A A L A R I C G G P V T A Y V R

154: AGCGAGGCGCGGGCCGAGGAGATGCGCGGCTGGGGCGAGCGGCTCGGCGTG
52: S E A R A E E M R G W G E R L G V

205: GACGTCCGCACCGCCCCCTGGGACGACGCGGCCGAGGCCTTCGCGTCCCCG
69: D v R T A P W D D A A E A F A S P

256: CTGGTCGTCGCGACCACCCCCGCCGGCACCACGAACGCCCTGGCCACCGLC
8¢: L. v v A T T P A G T T N A L A T A

307: GTCCCGGACGCCGTCGGCACCCTCTTCGACGTCCTGTACGACCCCTGGCCG
103: v p D A V G T L F D V L Y D P W P

NN 25 PV ALALR P UNTADLH TUVBIEY aroE N S.venezuelae TUNANANA pATTS04



358:
120:

409:
137:

460:

154:

511:
171:

562:

613:

664 :

715:

17:

766:
34:

817:
51:

NN 25 (99)

y o w a [ 9
wenlSeuneudiunsnezii 1y AroE U84 S. venezuelae f11 AroE 310§ 114010

ACGGCACTGGCCGCGGCCTGGTCCGAACGCGGCGGCAAGGTGGTCGGCGGE
T A L A A A W S E R G G K V V G G

CTCGACCTCCTGGTCCACCAGGCGGTCCTCCAGGTCGAGCAGATGACGGGC
L b L LV H QA VYV L 0 V E O M T G

GTCCCCAAGGCGCCGCTCGCCGCCATGCGCGCCGCGGEGGGAGLCGGGGLGL
v P K A P L A A MR A A G G A G R

TCGCCGCCCCGCTAGGCGCCCGAAGACCCCCGCAGAAGGCGACCGGACGTC
s P P R *

CGACAGCTGGACCGGGGGCCGAGGTAGCCGCCCGGACGTGGGAGGATCGGEG

GATGGCGGGCCAGGGCCGCGCACCCGGTCGCGCCGTCGCAGTACCCAGGCG
aroC

CGAGCATGAGGAGCATCGTTGAGCAGTTGCGTTGGCTGACCGCTGGGGAAT
M R S I VvV E Q L R W L T A G E S

CCCACGACCCGCGCTGGGTCGCGACCCTGGAGGGTCTTCCGGCCGACGTCC
H D P R W V A T L E G L P A D V P

CGGTCCACCACAGAGCTGGTGGCGGACTACCTTCGCGCTGCGACGCTTCGC
vV H H R A G G G L P S R C D A S L

TATGGGCCCGGCGCCCCGAA
W A R R P E

56

wuhiuSnaeusnEAUTNA Gin26-Ala 31 (Gln 124-Alal29 W04 M. tuberculosis) Iaolid1au

1311 G/A-XGGTA (7l 26) Tag Alal25 1az Alal28 U9 M. mberculosis 923111 adenine

ribose 1182 diphosphate Y849 NADP (Padyana and Burley, 2003) Tagiisionuniusnaeysny

fusnw Gln61-Lys69 U8 M. tuberculosis Ha1eiilu GXSXTMPXK 1151001 active site
(Padyana and Burley, 2003) HASNUUSIN Ser18, Ser20, Lys69, Asn90, Thr104, Asp105 tiag
GIn243 (Vo M. wberculosis) MiiluuSnmensny Tagwsnuiive IS URY nicotinamide ring
U939 NADP (Fonseca et al., 2006) uaﬂmﬂﬁyﬁwudm%amw%ﬂﬁﬁgﬂu catalytic site “ﬁ“ﬁmﬁ

11/aeu dehydroshikimate (314 shikimate V31384 Lys69, Asn90, Aspl05 11ag Glu259 Ve M.

tuberculosis (Zhang et al., 2005)



S_pristinaespiralis
S_griseus
S_clavuligerus
S_venezuelae
S_sviceus
S_avermitilis
S_coelicolor
Salinispora_ tropica
M_tuberculosis

S_pristinaespiralis
S_griseus
S_clavuligerus
S_venezuelae
S_sviceus
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Salinispora tropica
M tuberculosis

S_pristinaespiralis
S_griseus
S_clavuligerus
S_venezuelae
S_sviceus
S_avermitilis
S_coelicolor
Salinispora_tropica
M_tuberculosis

S_pristinaespiralis
S_griseus
S_clavuligerus
S_venezuelae
S_sviceus
S_avermitilis
S_coelicolor
Salinispora_ tropica
M_tuberculosis

S_pristinaespiralis
S_griseus
S_clavuligerus
S_venezuelae
S_sviceus
S_avermitilis
S_coelicolor
Salinispora_tropica
M tuberculosis

——————— MAPPRR-AAVLGSPIAHSLSPVLHRAAYAELGLTDWSYDRFEVDEAALPGFVA
——————— MAEIRRRAAVLGSPIAHSLSPVLHRAAYAELGLDDWSYDRFEVDEAALPGFVA
MTAAQSGPAGPVRRAAVLGSPIEHSLSPVLHRAAYAALGLDAWSYGRHEVTEETLPGFLD
——--MQARAADARRAAVLGKPIAHSLSPVLHVAAYEELGLTGWSYDRFELDEAALPAFVE
----MTG-TDSKRRAAVLGSPIAHSLSPVLHRAAYAELRLSDWSYDRFDVDEEALPAFFG
**************************** MLHRAAYAELGLADWTYDHFDVDEAALPGFLE
******* MSSERVRAAVVGDPIAHSLSPVIHNAGYAAVGLHDWSYTRIECAQAQLPALVA
******* MSEGPKKAGVLGSPIAHSRSPQLHLAAYRALGLHDWTYERIECGAAELPVVVG

GXSXTMPXK
ELDASWAGLSLTMPLKRAIIPLLDGISDTAASVEAVNTVVFTEDGRRVGDNTDVPGMVAA
GLDASWAGLSLTMPLKRAIIPLLDEISAAAASVEAVNTVVFTEDGRRVGDNTDIPGMIAA
GLDPSWAGLSLTMPLKRAVIPLLDGVSPTAAAVAAVNTVVLTPDGRRLGDNTDIPGMVAA
77777777777777777777777777777777777777777777777777 HTDIPGMLAV
QLGPEWAGLSLTMPLKRAVIPLLDGISDTAASVEAVNTVVFTEDGRRLGDNTDIPGMVAA
KLGPEWAGLSLTMPLKRAVIPLLDEITETAASVEAVNTVVCTRDGRRVGDNTDIPGMVAA
GLGPEWAGLSLTMPLKRAVIPLLDSVSETAASVDAVNTVVLTEDGRRTGDNTDIPGIAAA
GLGPEWAGLSVTMPGKEAALAVATTASPVAVAVGAANTLVRRPNGSWHADNTDVAGMVEV
GFGPEWVGVSVTMPGKFAALRFADERTARADLVGSANTLVRTPHG-WRADNTDIDGVAGA

koK . * .
G/AXGGTA

LRERGVEQVDSAAILGAGATASSAVAALSRVCTGPVTAYVRSEARAAEMRGWGERLGVDV
LRERGVDKVESAAVLGAGATASSAVAALAAVCTGPVTAYVRGPERAAEMRAWGDRLGVDV
LAERGVDKVESAAVLGAGATASSALAALARICAGPVTAYVRGEARAAEMLGWGERLGVEV
LRERGVEKVESAAILGAGATASSAVAALARICGGPVTAYVRSEARAEEMRGWGERLGVDV
LRERGIEQVDSAAILGAGATASSALAALARICTGAVVAYVRSEARAAEMROQWGERLDVEI
LRERGIEQVDSAAILGAGATASSALAALARICTGEVVAYVRSEARAAEMROQWGERLDVEV
LREHGIEKVESAAILGAGATASSALAALARICTGEVTVHVRSAARAAEMRGWAERLGVDV
LTAAGVRPGSTLTVLGAGGTARAAVAAAAALRARTVTVVARRKAAIADLRPVAETVGVSL
LGAA---AGHAL-VLGSGGTAPAAVVGLAELGVTDITVVARNSDKAARLVDLGTRVGVAT
* : Gk R R R S H L x : . H

RTADWAD---AAHALRSPLVIATTPAGTTDALAAEVPAAPG-TLFDVLYDPWPTALAAAW
VTADWAD---AAAALTAPLVVATTPAGATDALAGAVPTAPG-ILFDVLYEPWPTALAAAW
HTADWSD---AARALEAPLVVATTPAGAADALAAAVPDRPG-TLFDVLYDPWPTPLAAAW
RTAPWDD---AAEAFASPLVVATTPAGTTNALATAVPDAVG-TLFDVLYDPWPTALAAAW
RTADWAD---AAEALRAPLVIATTPAGATDALAHAVPERPA-ALFDVLYDPWPTELAARW
RTEDWAQ---AAEALRAPLVVATTPAGATDALAAAVPERPA-TLFDVLYDPWPTDLAARW
RLADWAD---AAEALRAPLVVATTPAGATDALAAAVPEMPT-TLFDVLYDPWPTALAARW
TGVPWAD---AAAACSADVVISTVPAGAADPLATAVVWRPTTVLFDALYDPWPTSLASAA
RFCAFDSGGLADAVAAAEVLVSTIPAEVAAGYAGTLAAIP--VLLDAIYDPWPTPLAAAV

* e e ek KK . * Kk ek ekKkKK KK

SGNGGGVVGGLDLLVHQAVFQVEQMTGRSPAPLRAMRIAGEHALRAR
SARGGAVVGGLDLLVHQALLQVEQMTGRAPAPLAAMRQAGEAALAAR 276
SARGGAVLGGLDLLVHQAVLQVEQMTGRAPGPLAAMRAAGEAAIVQKRSALSIWP 291
SERGGKVVGGLDLLVHQAVLQVEQMTGVPKAPLAAMRAAGGAGRSPPR-—-——-—-— 174

SMIGGAVVSGLDLLVHQAVLQVEQMTGRVPAPVDAMRKAGEHALAAR-— - 279
SAYGGAVVSGLDLLVHQAVLQVEQMTGRSPAPLDAMRRAGEHALAAR-— - 278
SAHGGAVVSGLDLLLHQAVLQVEQMTGRAPAPLAAMRKAGEHALADR- - 255
RTAGCRVCSGLDLLLAQAVGQFEQFTG-VPAPRAAMADALTAARAG- - 275
GSAGGRVISGLOMLLHQAFAQVEQFTG-LPAPREAMTCALAALD-————————-—— 269

* * Kke ke Kk * Kk e kK * * % *

112
113
120

116
115

113
112

172
173
180

176
175
152
173
168
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MNN 26 1591 multiple alignment S19UNTADLN 11 AroE 10 S.venezuelae Uag Actinomyces

v Y v ya 1A {o  a ¢ ¢
nnveyadduuaalifiuFulnau pATT804 MINMNUATIEHITIUEY aroE N

{ 9 o o ¢ ¢ . { 19 a .
MeIoInumMIduns1zHiion la shikimate dehydrogenase N0g1139 shikimate

\ = v 2 A = P Y o ¢
Lmum’iﬂﬂa’e)ma"lﬂ%ﬂﬂy”I"JW‘L!EJ‘L! aroE V]Tﬂau]’lﬂlﬂﬂ'}m@\iﬂUﬂ'ﬁﬁ\uﬂﬁ']gw

4 o a o A o o
1911937 shikimate dehydrogenase Iaeyi l¥iAansnatevesdudIemInsuAasUFuvoIEY
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£ & A A a an ara A
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NANTTNUVBINITNAIENDID shikimate LazNITHARAABLTUNTIADA

WU W

=3 Y d‘ =S Y aaa a
3 MSANHIHINNVDIEY aroE U4 S. venezuelae AENBIUATSTUTY
Y a A oA Aa o o
3.1 MIasunaaiamenauieiguaas Uy
a o [} o A a [} % 9 d‘ Qy 1
waadamenaudmsuiieuaasusu a319laemareuFu aroE Yua 500 1
y v Y 4 a [} a 4 [}
wa Ndadeweu lul EcoRT uag Hindlll MANaaia pATTS02 nunaaia pSET1S1 Nda
Y Jd a @ Y a ) ¥y v Y '
aeeu lydyiadernu laitunaraia pATTS03 asdvaevInaui lddrensdadoen las]

. ~ g = J 9 1 . &£ o
EcoRI 1g HindlII (NN 27) ﬁ]TﬂuuﬁNﬂﬁTuﬁW@ﬁNl‘lﬂq E. coli ET12567(pUZ8002) “]NL‘]J‘L!

Jq ¥ o v o ]
Alndmsuinougnyuy

6.2 kb

0.5 kb

M 27 wamsnagoulaau pATTS03 dreeu laidasume
M = 1 kb DNA ladder, 1 = pATT803/EcoR1/Hindlll, C = pSET151/EcoRI/HindIll

= 4

3.2 MIATNARVMWUENAER0TT TS

a

9 A o < o v A 9
3.2.1 ﬂ?iﬁi’)ﬂﬁﬂﬂﬂ’)ﬂﬁ’ﬁwmﬂﬁIﬂﬂuh/\limﬂiﬁ?ﬁiﬂﬂﬂﬂ?ﬂﬂ?q‘ﬁjﬂﬁm3‘]J°I/I@‘Ll
VoA o o Y o a A
FUEDNTIYNUTNAWNININNA 10 Tﬂﬁu LAIUINVAVUDINT MS NNy
Aas aaa A o A Y o v J v adg
ﬂgmuz"lﬂammﬂmu HAZNIAUIAAYN INDAALADN LAIUITTIWUTNAWNITNAALD LD

Y o o AN Y s A £ o T2y
LL@’J“lﬂiJW]W\lG]f@'liﬂ’JﬂVlWimﬂi ATTO12 uag ATTO13 (Gﬂi'l\i‘]/l 4) PV UNWIZADYUATUYN
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% 1 a ' 4 ogj v
I5Tomasinou Feoguunaraiia pATT803 WUMEORUTNA1899 10 Tnau Jou - unsnog
a o J 1 { J a 1
Taeliwanfusiiaoiiuuia 800 guue (AWA 28) uaaswa1aia pATTS03 oglutendnou

7 o
YUAUATNHTUA

M 1 2 3 4 S5 6 7 8 9 10 wt P

0.8 kb

= 4

d' @ 4 A a = 9 9 ad A
MNN 28 ﬂﬁ?ﬂﬁﬂﬂﬁ?ﬂwuﬁ‘ﬂﬁ1EJT@]EJﬂTiLW‘JJ‘lIﬁiﬂmﬂu@nuﬂ"lll’ﬁiﬂﬁm3‘]J°I/I’E]1!ﬂ'JfJ'J‘ﬁW“]5’E]15
M =1 kb DNA ladder, 1-10 = ﬂ’”lﬂﬁu‘ﬁjﬂmﬂﬁ 1-10, wt = S. venezuelae

P = pATT803
322 asrvdoulaeld Inswes ¥o9 M13 forward 11ag M13 reverse

d‘ = [ = (% a o 4 a
MegudUNNIMIUNINFveInaIaialuyIns Ty Teuvesaenugnaiesss
4 A a g Y ]
aonld Inswes Mi3 forward ag M13 reverse Tumsiinsum Taglwswosgiiaz b
annsoijnseiigers Ialunsdiinaraiia pATT803 umsmdn logluTas TuTaun
AU aroE 1aen15iNa homologous recombination NU aroE UM a5 1y Tas3 (AW 29) W
o AA ' a o S A L v o A o ' A
mahiidons linundasuifidors luaeiuinaroiguasiamnd uanulunaiaia
~ & g A o A Y oaa o A
pATT803 (7 30) FudumssuduiesdunTnsunInalvesnaraia pATTS03 1u

103 Ty Tsuv04 S, venezuelae 934
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1.5kb
wild type
_> 4_
MI13F MI13R
PATTS803
probe (1.5 kb)
probe probe
s1 il
mutant
le———35kb ple 4.5kb >

MWN 29 LAUNINLEAINISUNINAvBINaalia pATTS03 Tulns TuTsuvesaowugnaten

AUNUIY aroE

S1 = Sacl, N1 = Ndel, M13F = IW31935 M13 forward, M13R = Twsmes M13

a9 '
reverse, tsr = ﬂumum"lﬂ’e)ﬁmsﬂmu, E’> = aroE 500 QU

M 1 2 3 4 5 6 7 & 9 10 wt P

4' 4 4 AaAaa o 9 4
HMNN 30 ?‘Ii’)ﬁ]ﬁﬂ‘mﬂﬂ“ﬁﬂﬂuﬁl!ﬂuﬂiﬂﬂ’)‘ﬁv\l%ﬂﬁTﬂﬂsl%'l‘l/‘lilil’ﬂi M13 forward tiag M13

Ieverse

M =1 kb DNA ladder, 1-10 = mﬂcﬁ'ﬂauguﬂuﬁ 1-10, wt = S.venezuelae,

P = pATTS03
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33 m’iﬂi’mﬁﬂﬂﬁwﬁuﬁ’ﬂmﬂjﬂﬂ Southern blot hybridisation

1] o 1 o a { o [
ATNdOUABWUENA WM IUNTNAIveINaIaiia pATTS03 191 TuRd B
" A o a @ 4
aroE TuTns TuTauved S. venezuelae 04939 Taorihiwardiia pSET151 M aaaleon lasd Ndel
{ a { 3 [ 3 @
Tagdenuaunivuna 1.5 dlawe Mduaiuvesdu s 1 1HduInsy uazdalas TuTouueq
o & v ¢ a A A o Vo P T
aeugnaedeon law Sacl (M 31) iosnniidumisdavosou laitioglutu -
{ ) @ 1 1 [ <
(7w 29) 1&2%1 Southern blot hybridisation #28 TnsuAINa1 WU IndaanauwauaDue 2
LOVAB® YUIA 3.5 LAz 4.5 N lawwd (AN 31 ¥ 1937 1-10 ) VU £sr YoINAE A pATTS03

~
N

@

4 @ I a ' 4
aoon el Sacl Indyanaoufidue 1 uouvwIe 6.7 D lawd uaaaideiugnalo
1a5unaaiia pATTS03 Taounsndudn lAd sty arok vulns Tulwy Taslidwmisdn
Y94 Sacl H19een lnadudiguazduvnveanaraia (M 29) Tagannisasiaaeuans

Y4

ugnate nuNFULUVVeINIININAIVRINAElaTied UuUDRe) uaaINaIdia

1 4
pATTS803 1na homologous recombination AMWUNUIY aroE MU

Q) (V)
1 2345MP S678 910 12 345MPS6738 910

r «4.5kb
===== S EmEmem 35 kb
-

2 31 M5ATITOUAWIUTNA18V0S S. venezuelae T IATUNAATA pATTS03 §20
Southern blot hybridisation Jae 1481 5 1111 Tns
M ezmIsanasiasIng sFavealas Tuleuiidadiooulm] sacl
(V) Southern blot hybridisation
M = 1 kb DNA ladder, 1-10 = aeiufnansii 1-10/Sacl, P = pATT803/Sacl,

S = 8. venezuelae/Sacl
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34 ﬂ'l'i@]'i’J%ﬁ@ﬂﬁTﬂﬁuﬁﬂﬁTﬂﬂu@Tﬁﬁ minimal medium

) [ ogj dy .. . A (=)
Wmeugna1ens 10 Tnau ¥UAEIVUBINIT minimal medium (MM) Adiuaz 1l
a a a v v J 1 a

ninozil Tuniy Tnwlu Haszardiu uag In1sdu nuhmenugnate liaunsoniy 1dlu

A = a A J @ a 9
911135 MM 71 lifingaezii Tu (Mwil 32) taasmsunsnaivesnaiaia pATT803 19111 1u
Tas Tu T nanon15193U04 S. venezuelae 1o ldar119M1511aA00NV0IBY arok

a o W 1 4 a Y a ]
@uaasutu) luadraeuland shikimate dehydrogenase INAN15 gAY INVDIID shikimate laidi
A
= Y a o v J 1 a

msasensaezii Tuiia 3 vila Mldaeiugnaeves S, venezuelae TiignsanIyuuenis

v Y
nlutinsaozi Tunia 3 viia'ld

d‘ Y] o d' a a a ] a
Mui 32 msasdeudenugnaelue1s MM Naunsaezii Tu n3d Ty Wilaes
adiu waz InTs&u () vaz lidunsaeziTu ($e)

wt = S. venezuelae, 1-10 = mﬂﬁuﬁ:ﬂmaﬁ 1-10
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@ 4 ara o
3.5 MIasnaeumsdunziasaseusuiinealuaeiugnaie
3.5.1 MINTIAUMIINALE (clear zone) AT agar plug assay

4 ) [ ara
Wt ewugna1euea S. venezuelae lnadounsas unasusuiliinoa
ad a 1 dy A 1 ara
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@ J J [ 4 1 ara

afSeudsuiulg Indl wu31ﬁ18wu§ﬂa1ﬂhluﬁﬂammmm“lumiﬁ%’Nﬂaauiuwuﬂaa G
A J a A a o o ~ am . o Y v

1N 33) UAAINNITINAIUATTUYU VU aroFE 1u 99 shikimate uaﬂmﬂfuwﬂﬂummm

] o a 2/’ a 9 Y4 [ 1 ] o ara 9
ﬁﬁlﬂi’lgﬂﬂiﬂﬁ]glﬁuﬂﬂ 3 BUALLRAD fT’IEJWUﬁﬂﬁ’lﬂﬂ\iuluﬁ'lﬂ'liﬂﬁ\uﬂi'lgﬂﬂaE]L!illwuﬂ@ﬁﬂ'lﬂ

{ 9 ara a 4
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1 Y a
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UlﬂﬂJ'l'JLﬂi'lB‘ViIﬂﬂ'J‘ﬁ HPLC Lﬂiﬂﬂlﬂﬂﬂﬂ?'luﬁlu"uuﬂﬂf’f'lfl'ﬂﬁ'ﬁ]tﬁﬂwuﬂﬁ]ﬁﬂ'lﬁi'lii'lu Tﬂ‘(’nﬂ

1 A ~ £ A ) o ara
ﬂ’lﬂ’lﬁ@ﬂﬂﬁul!ﬁ\iﬂ 273 nm G]NHJ‘Llﬂ'WILWlI'Igﬁllﬁ'l?ﬁﬂﬁ'ﬁﬂﬁ@uiuwuﬂ@a (He et al., 2001)
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nuIilenanasusuiinea @ lulasnsy) 19 peak 1uunin 15.4 (A wd 34) Tagh
@ ] { o ] [y arAa
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al., 2003a), A. nidulans (Grant et al., 1988) U2 Rhodococcus rhodochrous (Bruce and Cain,

A y . < ) ' < o ad

1990) #e1150 1% quinate Wuansasduuny og1a lsnaudany peak Tuniif 13.2 vosae

Y]

uinaimsazauminnin’lad nd orudula189 peak danaierailuas intermediate

4 1 E4
NazauInlety arok Qnduginistdaaiven

)

= oA A o o ~ 1 @ 4 ~ 9

MINWaMIANET 1AM sRIBUAATUFUVRIBU aroE WuMdeRuinaten 1A
Y v
nenua lignsonsyuuemnsh ilinmadunsaezd Tu n5d Tnwlu Adaezariiu Inls
& s S oy ¥ A Ay ) A~
Fu uazeneRuinated 18 luawnsaadnasasousuitinoanioad e lavesniloiioy
[ Y] o o = 9 [ B2 9 A A
AU 8. venezuelae @10Wug 1@ Inil Fegoandosnuminadeunauaulialumsduuuaiise

<3 [ { g { o o a

Tt 3.5.1 uaaal@siunsu aok flaauldtianunervosnumseasaoulailuia

shikimate FaunanomMIasnasusuiinoalu S venezuelae A8



65

CM

wt

exl1

H a 4 v 9 =Y
MW 34 #aMSAATIZHAITANANIYIT HPLC
ara Y 9
Cm = AaousuNUADA LUNUY 4 pg/20 ul , wt = S. venezuelae, ex1-10 = S. venezuelae
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fT'IEJWL!‘Qﬂﬁ'IEJ‘I/] 1-10
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MAVVAUATAIAUNTADL N TUVDIBU aroE 90 S. venezuelae TUNWaeila pATTS02

(N) MAVVAVUIA 454 QLUE (V) S1AUNIADLI TUYIA 151 NTARZH I

(M)
CACACCGACATCCCCGGCATGCTCGCCGTCCTGCGGGAGCGCGGCGTCGAGAAGGTGGAGTCGGCGGCGATCCTCGGCGCCGGCGCCACCG
CCTCCTCCGCCGTGGCCGCCCTCGCCCGGATCTGCGGCGGCCCCGTCACCGCGTACGTCCGCAGCGAGGCGCGGGCCGAGGAGATGCGCGG
CTGGGGCGAGCGGCTCGGCGTGGACGTCCGCACCGCCCCCTGGGACGACGCGGCCGAGGCCTTCGCGTCCCCGCTGGTCGTCGCGACCACC
CCCGCCGGCACCACGAACGCCCTGGCCACCGCCGTCCCGGACGCCGTCGGCACCCTCTTCGACGTCCTGTACGACCCCTGGCCGACGGCACT

GGCCGCGGCCTGGTCCGAACGCGGCGGCAAGGTGGTCGGCGGCCTCGACCTCCTGGTCCACCAGGCGGTCCTCCAGGTCGAGCAGATGA

(V)

HTDIPGMLAVLRERGVEKVESAAILGAGATASSAVAALARICGGPVTAYVRSEARAEEMRGWGERLGVDVRTAPWDDAAEAFASPLVVATTPA

GTTNALATAVPDAVGTLFDVLYDPWPTALAAAWSERGGKVVGGLDLLVHQAVLQVEQM

MRV ALLAIAUNTADLHN TUVDIBY aroE 910 S. venezuelae TUNadiia pATT804

() AVLUFVUIA 525 fjm?f (v) feunsaezd luvuia 174 nsaezi 1y

(M)

CACACCGACATCCCCGGCATGCTCGCCGTCCTGCGGGAGCGCGGCGTCGAGAAGGTGGAGTCGGCGGCGATCCTCGGCGCCGGCGCCACCG
CCTCCTCCGCCGTGGCCGCCCTCGCCCGGATCTGCGGCGGCCCCGTCACCGCGTACGTCCGCAGCGAGGCGCGGGCCGAGGAGATGCGCGG
CTGGGGCGAGCGGCTCGGCGTGGACGTCCGCACCGCCCCCTGGGACGACGCGGCCGAGGCCTTCGCGTCCCCGCTGGTCGTCGCGACCACC
CCCGCCGGCACCACGAACGCCCTGGCCACCGCCGTCCCGGACGCCGTCGGCACCCTCTTCGACGTCCTGTACGACCCCTGGCCGACGGCACT
GGCCGCGGCCTGGTCCGAACGCGGCGGCAAGGTGGTCGGCGGCCTCGACCTCCTGGTCCACCAGGCGGTCCTCCAGGTCGAGCAGATGACG
GGCGTCCCCAAGGCGCCGCTCGCCGCCATGCGCGCCGCGGGGGGAGCGGGGCGCTCGCCGCCCCGCTAGGCGCCCGAAGACCCCCGCAGA
AGGCGACCGGACGTCCGACAGCTGGACCGGGGGCCGAGGTAGCCGCCCGGACGTGGGAGGATCGGGGATGGCGGGCCAGGGCCGCGCACC
CGGTCGCGCCGTCGCAGTACCCAGGCGCGAGCATGAGGAGCATCGTTGAGCAGTTGCGTTGGCTGACCGCTGGGGAATCCCACGACCCGCG
CTGGGTCGCGACCCTGGAGGGTCTTCCGGCCGACGTCCCGGTCCACCACAGAGCTGGTGGCGGACTACCTTCGCGCTGCGACGCTTCGCTAT

GGGCCCGGCGCCCCGAA

(V)

HTDIPGMLAVLRERGVEKVESAAILGAGATASSAVAALARICGGPVTAYVRSEARAEEMRGWGERLGVDVRTAPWDDAAEAFASPLVVATTPA
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Abstract

Streptomyces venezuelae produces the important antibiotic, chloramphenicol, derived from
shikimate pathway. We have developed a system for introducing plasmid DNA into S. venezuelae via
intergeneric conjugal transfer from E. coli. Conjugative plasmid pSET152 containing oriT and afftP of
$C31 in E. coli ET12567 (pUZ8002) was used to establish conjugation condition. Heat treatment of
spores of S. venezuelae from room temperature up to 45°C for 10 min resulted in high conjugation
efficiency. In addition, young mycelium of S. venezuelae was efficiently used as an alternative
recipient. Integration of pSET152 into S. venezuelae chromosome was confirmed by PCR
amplification of apramycin resistance gene (apr). Southern hybridization showed similar hybridization
patterns from exconjugants when 2.05 kb HindIII-Sacl fragment of pSET152 containing affP region
was used as a probe indicating that all integrations occurred at a single site on 5. vemezuelae
chromosome. All exconjugants showed no phenotypic changes in morphology and chloramphenicol
activity. This method will be used to manipulate genes in 5. venezuelae.

Keywords: Intergeneric conjugation; Streptomyces venezuelae; pSET152

1. Introduction developed. Recently, conjugal transfer of
Streptomycetes are filamentous Gram- plasmid from E. coli to Streptomyces has been
positive bacteria [1], which are the largest increasingly developed for gene
producers of bacterial secondary metabolites disruption/replacement, gene expression and
including over two-thirds of all antibiotics in the genetic  complementation,  because  the
market [2]. Secondary metabolites are recombinant constructs can be easily made in E.
synthesized from intermediates or end products coli [5]. Plasmid transfer from E. coli to
of primary metabolism via¢ unique biosynthesis Streptomyces depends on several factors
pathway. Streptomyces venezuelae produces including the origin of transfer (o#iT) of IncP
chloramphenicol that is active against several plasmid RK2, the fra genes function of RP4 [6]
Gram-negative bacteria, i particularly Shigella and $C31 intregrase derived from actinophage
sonnei and Rickettsia prowazekii [3]. The for integration at attachment (atf) site to enable
phenyl-propanoid moiety of chloramphenicol recombination [7].
has its origin in chorismate, the end product of We report here the optimal conditions
shikimate pathway [4]. for intergeneric conjugation in transferring

Although applications of recombinant plasmid pSET152 from E. coli into both spores
DNA techniques in Streptomyces have rapidly and mycelium of S. vemezuelge. This system

increased in the past several years, genetic provides a simple and reliable procedure for
manipulation in Streptomyces has more limits as transferring plasmid DNA from E. coli to S
the bacteria grow slowly and recombinant venezuelae.

plasmids are sometimes unstable. Techniques 2. Materials and Methods
such as transposon mutagenesis are poorly
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2.1 Bacterial strains, plasmids and growth
conditions

S. venezuelae (kindly provided by M.J.
Buttner, John Innes Institute, UK) was used as
recipient and manipulated by standard
procedures [8]. A methylation-deficient E. coli
strain ET12567 (dam-13::Tn9 dcm-6 hsdM hsdS
Cm") containing pUZ8002 was used as a donor
for intergeneric conjugations [9]. pUZB8002 (fra
Cm") is a RK2 derivative with a defective oril’
and a non-self-transmissible plasmid that drives
the mobilisation function for oriT-containing
plasmids [10]. Plasmid pSET152 carrying oriT,
$C31 int, attP and apramycin resistance gene
(apr) [11] was used as conjugative plasmid.

E. coli ET12567 (pUZ8002/pSET152)
was grown in LB broth supplemented with
apramycin (50 pg/ml), chloramphenicol (25
pg/ml) and kanamycin (25 pg/ml). Mannitol soya
agar (MS) [12] was used for preparing spores of
S. venezuelae, tryptic soya broth (TSB) for
growing S. venezuelge mycelia, Oxoid tryptic
soya agar (TSA) containing 10mM MgCl, as
conjugative media, and TSA supplemented with

apramycin for growing and maintaining
exconjugants.
2.2 DNA manipulation

Standard  procedures for DNA

manipulation were followed [13] for E. coli and
[8] for Streptomyces.

2.3 Intergeneric conjugation

S. venezuelae spores (103-].04] were
suspended in 500 pl of 2xyeast extract tryptone
(YT) medium and treated from room temperature
to 55°C for 10 min. Donor E. coli strain
ET12567 (pUZB002/pSET152), was grown in
LB until ODsp reached 0.4-0.6 in the presence
of antibiotics as described above. E. coli cells
were sedimented and washed twice with LB to
remove the remaining antibiotics, then
resuspended in a final volume of 500 ul of LB
(108 cells). E. coli cells and S. venezuelae spore
suspension were mixed and spread on Oxoid
TSA media containing 10 mM MgClh and
incubated at 30°C for 12-14 h. The plates were
flooded with 1 ml of water containing nalidixic
acid (500 pg/ml) and apramycin (50 pg/ml) and
incubated for further 5-7 days. Exconjugants
were counted and calculated for efficiency from
the number of exconjugants/recipients. For
conjugation with mycelium, S. venezuelae spores
were inoculated in TSB at 250 rpm at 30°C for
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24 h. An equal volume of S. venezuelae
mycelium (l(]4 cfu) was mixed with E. coli donor
cells and conjugation was performed in the same
way as described above.

2.4 Analysis of exconjugants

Total chromosomal DNA of exconjugants was
subjected to PCR using specific primers within
ace(3)IV (apr) gene: AprC-1 (5'- GAC GTC
GCG GTG AGT TCA GGC-3") and AprN-2
(5°-CCC CGG CGG TGT GCT G-3°) under
conditions previously described [14].
Exconjugants were further analysed by Southern
hybridisation. Exconjugant chromosomal DNA
was digested with Sacl and transferred to
HybondN+ membrane (Amersham, UK) using
standard protocol [13]. Membrane was
hybridised at 68°C with labelled 2.05 kb attP
region of pSET152 as a probe using Gene
Images Random Prime Labeling Module and
detection kits as described by the manufacturer
(Amersham, UK). Exconjugants were also
analysed for chloramphenicol production by
using agar plug assay [15].

3. Results and Discussion

3.1 Effect of heat treatment of S. venezuelae
spores on intergeneric conjugation
Spore pre-germination by heat treatment
before being mixed with E. coli donor cells is
necessary for efficient conjugation [8]. For S.
coelicolor A3(2), heat treatment of spores at 50°C
for 10 min is recommended [8]. After 10 min
incubation time, heat-treated spores of S
venezuelae gave the same conjugation efficiency
(]0'4) from room temperature up to 45°C (Table
1). However, treated spore of §. venezuelae at
40°C was seclected as the best condition to
achieve highest conjugation efficiency. Higher
temperature may reduce viability of spore and,
thus, lower the yield of exconjugants. It has
been reported that treating S. lavendulae FRI-5
spores at 50°C resulted in loss of spore viability
as well as conjugation efficiency of [16].
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Table 1 Effect of temperature on S. venezuelae

spores as recipients for conjugal transfer of
pSET152 from E. coli ET12567 (pUZ8002)

Temperature Exconjugants per
(°C) recipient
RT 2.7x107*
35 41x10*
40 44x10°*
45 1.1x10*
50 4.1x10°7
55 2.7x10°7

The value represents average efficiency from
three independent experiments. RT =room
temperature.

3.2 Efficiency of S. venezuelae mycelium as
recipient in intergeneric conjugation
Young mycelium of 5. venezuelae was
used as an alternative recipient for intergeneric
conjugation. Young 24-h S, venezuelae
mycelium was mated with log-phase E. coli
ET12567 (pUZ8002/pSET152). S. venezuelae
spore suspension was heat-treated at 40°C for 10
min before mating with E. coli donor. Both
mycelium and spore of S. venezuelae gave
equivalent conjugation efficiency (10 Table
2). However, it may be argued that a fragmented
mycelium may contain more than a single cell
and thus is not comparable to a single spore.
Nevertheless from these result indicated that
either spores or mycelinum of S. venezuelae can
be employed as recipient to generate relatively
high frequency of intergeneric conjugation.

Table2 Effect of recipient types of &S
venezuelae on conjugal transfer of pSET152
from E. coli ET12567 (pUZ8002)

" Number of  Exconjugants
Recipient type L e
recipients per recipient
Myecelium 10* 1.0x10™
Spore! 10* 1.1x10%

'Recipient spores were heat-treated at 40°C for 10
min before mating step.

3.3 Effect of plasmid integration on phenotype

-3

Lh

The presence of plasmid integrating into
streptomycete chromosome can result in
reduction of antibiotic productivity and/or
reduction of growth [17]. However, randomly
selected S. venezuelae exconjugants showed
similar growth rates to the wild-type strain (data
not shown). Furthermore, no morphological
changes were observed and exconjugants were
able to produce equivalent levels of
chloramphenicol as the wild-type (data not
shown).

3.4 Analysis of exconjugants by PCR and
Southern hybridisation

Total chromosomal DNA of three
independent S. venezuelae exconjugants were
analysed by amplification of apr gene using the
specific primers APRC-1 and APRN-2 [14]. The
expected 0.9-kb PCR product was obtained from
all 3 exconjugants (Figure 1).

M 1 2 3 N S

$00hp

Figure 1 PCR detection of apramycin resistance
gene (apr). Lane M, 1 kb DNA ladder; lanes 1-3,
S. venezuelae exconjugants: lane N, 5. venezuelae,
lane S, pSET152.

Chromosomal DNA of the exconjugants
was digested with Sacl and subjected to
Southern blotting analysis using 2.05 kb
containing aiftP region of pSET152 as a probe at
68°C (Figure 2). Similar hybridisation patterns of
2.5 kb and 4.0 kb fragments were obtained from
all 3 exconjugants (Figure 2c¢) indicating that
pSET152 was integrated into S. venezuelae
chromosome by a site specific recombination
between aftP site of plasmid and a#fB site of
chromosome (see Figure 2a). Furthermore, this
integration occurred at a single attachment site of
the chromosome of §. venezuelae.
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(@)

Figure 2 Integration of pSET152 into
chromosome of S. venezuelae. (a) Schematic
representation of pSETI152 integration by site
specific recombination into the attB of §.
venezuelae (H3, HindIIl, S1, Sacl). (b) DNA
digested with Sacl separated on 0.8% agarose
gel. (c) Southern hybridisation of Sacl-digested
DNA using 2.05 kb a#tP region of pSET 152 as
a probe. Lane M, 1 kb DNA ladder: lanes 1-3,
exconjugants/Sacl; lane P, pSET152/Sacl; lane
S. S. venezuelae/Sacl.

In summary, we have established an
optimal condition for intergeneric conjugation of
plasmid DNA between £E. coli ET12567
(pUZB002/pSET152) and S. venezuelae and
confirmed that the integration of pSET152 has
no effect on phenotype. This method will be
used to manipulate genes in S. venezuelae.
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