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A9} A 2.2 58 8 macrolideAd] 31%17 841 8- ¢l natamycin& A Ab8F = Strepromyces natalensis ATCC274482)
FA A8 T8 ¢ 8 AT 22 H-E S. natalensisZ- plasmid DNAE 24 =418 33203y & ¥
). ol2|q S. natalensis®) FAAP-L oriTS anP FHL 7FA T 3, OC31 F-29] integration HE] Q)
pSET1528 ¢| 8846 Escherichia coli ET12567/pUZ8002-& DNA 2634 (donor)2 o] £-8F 4§41 28 (conjugal
transfer)S AH8-8te] G5lslg o) AFA G 71 2 &2 10 mM2] MCLE Z§3E MS v & o A, 6.25 x
10°9] E. coli FojA ¢} A& 1A &L S nawlensis®] EAE A3l dolzith = dojal HPAGA
(exconjugant)el] = 3}ed southern blot hybridizations} ¥ €] 7} A1 g QA -] /ML RS B4 anB
site$} pseudo-atB site’S B¢l 8}, auB site?] A 3ol = oFE WAFEA Y S. natalensis G A 2] pirin AHFA S
F =31 ORFY o] £ 3} 21} pseudo-arB sitex= Q4 A ] T}-& site (GenBank accession no. YP_117731)of] &
AHn 1 H71MDL anB G71M L3} 2ol & el %ok
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gt FeEd ASA, a4 FAAE A2 A, A
A B o8 Qe FABESAR] A7) Slo] B2
ool vk, 11). AF7HA WATe FdHPole F2
protoplastt @} electroporation §-°] AFE-EHUTk 2} o)
WHES FEAEE] A FAY H_EHE Wddol AFA
olehe wgo] gtk o] ol FAIE 2] st
Escherichia coliZ ©]-88F] plasmid DNAS Adsl= HAYHE
H(conjugal transfer)o] TA-S W7] A|&FBIATHE, 10, 12, 16,
20, 21). AHAGHL E coli WX 23 SeFv=9] 75
9 27| 7hsEh FEHoR Eehav|=g e R Ad
o g ol #RA 229, A g, WHelFAAt 35 ol
Z A ARRER YT E coliE o83 HEHEo] Mazodier
S04l 23] Aseg Bi1 HolRl off, Wl Exsh=
WEstE DNAS ATAE FH37] 93 DNAY FodF
(dononE WE3l7} HEH E coli ET12567/pUZ8002 (4, 15,
199& AHEgeEA Ho OYT Sgens)®] AT
(Streptomyces,  Actinomadura, — Amycolatopsis,  Arthrobacter,

Micromonospora, Norcardia, Rhodococcus, Saccharopolyspora)l

2835 4= A HATHIB, 20, 21). 2T B AMEH T Y
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AFAEE A% " E 7R g QA EXsh=
aitB site®= integration®] = ®C31-212] attachment site (antP)SF
integrase (inf) 715-& 717 WEHEo| 717} F-8¢ o2 dTA]
ALK, 19). oA WEHEL HAAES BT E coliZHE W
Areg AGHn AGE HEY anP site’= integrasel] 23
W AAA Y anB siteE AYEA Ak 2y ¥R
Z 8% macrolideAl®] &7 FAEEZR] natamycing AY2Fsh=
Streptomyces natalensis ATCC2744891 thel A=A H-2 2|Z7}
2 ®argl vl Qich, e R B AR E S natalensis
EARETZQ] 972 f8] 188 AR o2 Hadg
HE H2E AEste] HH3) et on B3 S naralensis] &

Ao} EANER= anB site®] BAG 2ARSIAT
Mz Ay

ALE ZF Y plasmids

2Ag o] Autel] AA S natalensis ATCC274489] ¥AZ A+
Age] FgA2A AHEAT. E coli XL-10Gold= E292
A% hostZ AH&eten WEHE s AEE E coli ET12567/
pUZ80025 =2 DNA FHTFE AME-SITE pSET152
(57 kby = HAFHLY H9-5o)d  AzF(site-specific
recombination) HE|Z A8} o™ pKC1132(4)8] F-E=AZ S
natalensisZHE FHB 4.8 kbe] M) dHS T35 Y=
pKMAE- 5 A ZFHhomologous recombination)ol] A-8-8}155t}.
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S. natalensis ATCC274482] ZALEE 93} TBO (tomato
paste 20 g/l, oat meal 20 g/l, agar 25 g/l, pH 7.2) SHHWAE
AHESFAIL, 8. natalensis$t FolTFIre] HEHAEE 3] TBO
FEEH =], 1SP2 (yeast extract 4 g/l, malt extract 10 g/l, glucose
4 g/, agar 20 g/, pH 7.0 - 7.4), ISP4 (soluble starch 10 g/,
K,HPO, 1 g/l, MgSO, - TH,0 1 g/l, NaCl 1 g/, (NH,),SO, 2 g/
I, CaCO, 2 g/l, FeSO, * 7H,0 0.001 g/l, MnCl, * 45,0 0.001 g/,
ZnSO, - TH,0 0.001 g/l, agar 15 g/, pH 7.0 - 7.4), AS-1 (yeast
extract 1 g/l, L-alanine 0.2 g/l, L-arginine 0.2 g/, L-asparagin
0.5 g/l, soluble starch 5 g/, NaCl 2.5 g/l, Na,SO, 10 g/, agar
20 g/l, pH 7.5), YEME (yeast extract 3 g/l, peptone 5 g/l, malt
extract 3 g/l, glucose 10 g1, agar 20 g/) IHAu)A] MS
(mannitol 20 g/, soya flour 20 g/, agar 20 g/) BIR|E A}&-5}
St Natamycin AAHE WA 2 sucrose?} H7EEA] &2
YEMESIA| (1Y AF8-3HA T, WHdvte] G444 DNA F&& 9%
AA ) F2 TSB (pancreatic digest of casein 17 g/L, papaic
digest of soybean meal 3g/l, NaCl 5gl, KHPO, 2.5g/l,
glucose 2.5 g/l) WiAIE ©]&3tHTt. E coli @ AT Gt
Hj %k 2 A= Luria Bertani (LB) Hj A S ©]-8-84 )

Natamycin AJARS- 3l 100 mle] YEME ==A]d)] Fx}& &
H-Z 1x10° CFUMI®] HEF FFeha, 30°CHlA 180 rpmo =
Aeu sttt £ coli B FATT2] HAIL2 37°C odlA]
180 rpm .2 237} Zehu) &}t

DNA =& % 22

Tl A1e] DNA 232 Sambrook 5(18)9] WS A3}
Gl S natalensisNA1 2} DNA 222 Kieser 5(9)2] HHHS A}
8312 S natalensis AFALA Y] total DNAE Rao 5(17)
o) Wow 34359t} Southern blot hybridizations £)3)
DIG High Prime DNA Labeling and Detection Starter Kit II
(Roche Applied Science, Tokyo, Japan)®} pSET1529] 0.5-kb
apramycin-resistant -2} THAE probe® AME-SIITE DNA &
N8 AL pSET1529] anP site 208 242} 100 bp Hol
Z REol H7|MEE 0|83t ATTPR primer (5-CTGGGT
GGGITACACGACGCCCCT-3%} ATTPL primer (5-CGTTGG
CGCTACGCTGIGICGCTG-3)& AZ3laL o] o]83te] 43

E. coliolA S. natalensis ATCC274482.F plasmid®] HgA<
2 Kieser 5(9)°] ¥t whHol| mz} 4331t} pSETIS2E
X FATF E coli ET12567/pUZ8002S apramycin (50
ug/ml;  ©18}  Apr), chloramphenicol (25 pg/ml; ©]3} Cm),
kanamycin (50 pg/ml; ©]3}F Km)o] F7FE LB #j Aol H&3 5
600 nmo A FHEIE 0457} @ w7R wjekEdnk S
natalensis®] 350 A8)7) 2= A7 JAAE AASH) 80
% LB WiAZ 7 ¥ AHE F 01 vl LB WA= AHE

WA S natalensis?] FEAL A 141

3} S. natalensis ATCC274489}+9] HIPAEE 23 FATFFE
ARESEATE. EX A B2 1 x 1079 S. natalensis TAE 2 x
YT WiA 05 miE g & FHld o475 89 0.5 ml
(125 x 1099} & 233t 02, d4aiEesly 4592 AAS
H Ao pelletS 10 mMS] MgCLE Z3+ 6 FFH(MS, AS-
1, TBO, ISP4, YEME, ISP2)9] A|ullz]ol] Tat&}ar 30°Col A
16207175 ¢t X sttt dA48A e AES 98 15
mle] Ao 0.5 mgQ] nalidixic acid (01‘3]- Nal)Q]- lmgQ]
Aprg 7kt BRIl FHAIZ F, 30°CoH M 64z} o HF
stk At HEALEAE Nal (25 pg/ml) 2 Apr (25 pg/ml)
o] e e wjA|el Aduidste] dojA dFEL] QA
DNAE FZ3}aL PCRA 9J3) 438 22 F2l3l9]r).

A7 M2l accession number

E =5 B3 HAR S natalensisS] attB site®} pseudo-anB
site®] 97)ALEL GeneBankdl| accession number AY944248%%
AY044249% Z}7} FEE T}
Ao o o
Z[MulX| 2| MEY

S. natalensis®} FHAES A3 HAA DS A8 671A19
HYZ|(MS, AS-1, TBO 8], ISP4, YEME 341 %], 1SP2)
7F AREEATE MS AS-1 BiAlE WY JER G Y
Bol] AREE HjAZ B WA vl 2 Y &
8 BYIS, 9, 16), 1SP2 HIRE 8. lavendulae FRI-5(10)90,
ISP4+= 8|4 WAH Kitasatospora setae(5)2] A 2 Zu)
Ao|th, TBO Hul A= S, natalensis®] 218430, YEME Hj|
A= QA Fol] AMEHEE IS Hrlsle] Fggo] AR
SHATHD). 7Y MiAE D S, natalensisS] APADHHS A
&3 & 23 AS-1, TBO 3R], YEME $Hdui=], 1SP2 o
Me HEABAE &S F 0k 2=y MS9t ISP4 BiXE
ALR81ES Aot S natalensisS] BRG] 7Fsdlthe A
Ag AL 5 UATH(Table 1). T2t MS Bi=A7}F ISP 48 7]
of wla)] 154 o HPYHG HLS HPemz MS wjAE S

Table 1. Effects of medium on transconjugation efficiency
Medium?
MS 1.3x10°
I1SP4 8.7x107
YEME -
AS-1 -
ISP2 -
TBO -

*Each medium contains 10 mM MgCl,.

®Values represent average frequencies of three independent experi-
ments.

- indicates no exconjugant.

Transconjugation frequency®
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natalensis®] FIAAL-S 93 A= ’{'178]’5‘}31 o]% AFld
Al AL

HiX[ O 7}l MgCLe| 2 H sz

W] HEEE] 1o MgCLel AFE 982 o4 9
AA FPAT AL £8-S VM S8 girEew
10 mM FEZ MeCL7F wix|ol A7t=EolA gheh©). 2ev
Choi 550 W=H K sered] G H7IEE MeClL2
EEE 10 mMED 58 30 mMellth ©)8d A= H7tE
E MgCLY FEE ARS-HE ol bt b0F 5 dve e
oulsks AOE S natalensisd) THEF MgCLe] HA AVs=S
glst7] sl A A48 MS szl 014 40 mM7}
7 TRt 59 MeCLE H7teted JEHES AAsiinh 1
A7} Table 204 B npe} 2o} MeCL7F A7Hel ZAfolle 1
x| F& AR ALY 58] BF FHEAY. 2=y
10 mMoe] FEolME 238 Hadhe A¢S Bk met
X S, natalensis®l 3 MgClL2l H7Fs%s 10 mMo] HZ Q)
Ao 2 g

EXof Hxi2| &3

A ARREE IR E coli ET12567/pUZ8002 3
a5k &3 Aol oF 50°colA] 1087 EXHAE AXH H
A F3go] PET 2o B HIJAHT, 9, 14). o= €
A7} Eale] WolE F73e] HAAES a&o] YHAY
(15) WA EAEE APAE GAHLE S0 EA &
go] ZMEe AR dHA U2, 7). S natalensis LA}
& dxjg] 228 AA3] ke ©A 30°CoA 55°C7HA
1087 sl Goll ulgh 419 S EAgetA] &2 4
$-9} wlaralsgeh. 1 A3 40°C o)de) S RE FAY AL
&) Zadte ssoce] GAMe I A AEHA £
hFig. 1). o188 A3= S natalensis TAS] 3% b WA
TS I s el gig o] Hlwg eksirke AMdS
Uehlis Aoz I3z HAE 40°C o= AgHste] A

Table 2. Effects of MgCl, concentration in MS medium on the
transconjugation efficiency

Concentration of MgCl, added Transconjugation frequency®

in MS medium (mM)
0 9.1 x 107 (100%)
5 5.1 x 10 (560)
10 1.3 x 107 (1,428)
15 1.2 x 10°(1,318)
20 1.0 x 10 (1,098)
40 8.8 x 107 (967)

*Values represent average frequencies from three independent experi-
ments.

PRelative values are indicated in the parentheses, taking the frequency
with no MgCl, as 100%.
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Fig. 1. Effects of temperature on the viability of S. natalensis spores.
Spores (10%ml) in 2 x YT medium were incubated for 10 min at the
temperature indicated. The data are the average of three independent
experiments, and expressed as a percent of the colony count obtained
in the absence of heat treatment (control).

& AABIYTE Table 3904 B upe} o] Il tis] 742t
30°C, 35°C, 40°ColA 1087 A §, EAE oA ¥
A AAE 542 vvs] B o Mg E5E 19
T dxE)e) 25t BESE Q37 e I Tade A
S JePTH(Table 3). LB S natalensis®] FFAGN =
A7}t aFH0)A] e Ao g WAEI

DNA B0{%| 2 A8El= 2 H E. coli T2 &2l

o) HtAEl A plasmid DNAY FQAE ARE= E
coli®) 5 APAG] v)¢ F 23 S vRITKS). wetA S,
natalensis®) AEHGd] o3 A E coli 75 ZAB] 9
3 Table 4014 R wie} Zo) FAAR] E coli TF 1.25%
1070014 1.25 x 10714 Wro] 2-838) Hekrh 1 A7 gofA|9
7t Vs AgAge] 580) S AR Btk o
g 625 x 10850} FAe] 71 F o B2 125x 10°9] 7
e 23 Zsol 2T FAde AYE HJYoHI S
natalensis® O3+ E coli®] HZ 294 = 625x 1002 H

Table 3. Effects of heat treatment of spores on transconjugation
efficiency

Transconjugation frequency®
1.3 x 107 (100%)

Temperature of heat treatment®

No heat treatment

30°C 1.1 % 10° (84.6)
35°C 9.5 x 10(73.1)
40°C 8.8 x 10°(67.7)

*The heat treatment of spores was performed for 10 min. .
®Values represent average frequencies of three independent experi-
ments.

“Relative values are indicated in the parentheses, taking the frequency
with no heat treatment as 100%.
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Table 4. Effects of the number of E. coli donor cells on transconjuga-
tion efficiency

Number of Transconjugation frequency®

recipient Number of E. coli ET12567/pUZ8002(pSET152)
Spores 125%x 107 125%x10% 625x10° 125x10¢°
1x 107 64x10° 13x10° 22x10° 19x107

*Values represent average frequencies of three independent experi-
ments.

Pini=

A7 FEE F9-5ol MY HAH¥zHor A Al
ZFo] 7tedAE FA7IAS dE AxTE HEHIY
pKC1132¢] S. natalensis 2] 4.8 kb DNA TS AYAIR]
pKM4E E. coli ET12567/pUz80020] FAAZ 2731 o]2 &
QA2 olgsled FIADL Anslgnh AkoT AE Az
e 595013 Azl vla] 100-1,00081 % &&o] Ho}
A5 AZFAE d= Aol HA] & ZeE Bl HAUTKB).
Iy B AFeA FEE S natalensiss 913 A HAE
Ho=Z 1x 109 TAE AEEAS W 2% 1079 5&2 45
AZFJAE D& 4 UUTh

anB site2} pseudo-anB site2| &0l

AgAGo) A ©C31 el anP siteZ EFSh= pSET1S52 H)
ElE integraseol] o3l Whiide] FMAo) EASHE anB siteR
ARIEA At S natalensis®] GAA ER5 anB site@] ¢
2ot 4, a2]3 1 A7IMEE SR Bol9s] 1A el A
FAGAZHE JAA DNAS FE3F F pSETIS2Ho & <14
Aol e A B, NuleZ HY8lal pSETIS29] Apr W
3 FRAAZE probeR AHE-3}od Southern blot hybridizations 4
At 1 A} ole] HHAGA A 11 kb Aol Y
3 =2 B8 = A kFig. 2). °1AL S natalensis®] B
Aol 5LE anB site7} T3 EAGPTE RS AR A
ot HEZE anB site®] BAAGS] YA} HIIMEE ERlE)

kb P123456789 w

Fig. 2. Southern blot analysis of Nrul-digested genomic DNA of
exconjugants, Lane P; plasmid pSET152, lane 1-9; apramycin-
resistant exconjugants of S. natalensis, lane W; wild-type S natalensis.
Genomic DNA from the wild-type strain and exconjugants was
digested with Nrul. pSET152 was digested with BamHI (lane P).

WA S natalensis®] ARAE DA 143

A8} pSET1527F AL AR 9o7lle] AR 2R AR
DNAE F&310] Nl & XEe F opt2 2 171955 &9
11 kb ¥ DNAYHSE I3ty 2oj7 DNAT self
ligation3+ ¥ E coli XL10-GoldZ HZEAZ 3}, Apr (50 pug/
m)O.Z HAARNAE A3l anB siteZ S TE 9712
HgAGAzRE S29H A4 DNATHS FrMEE
ATTPR, ATTPL primerE o]&ale] EA8F A3} S natalensis)
antB sitee B YA F HEFH Y YT o)v] YN anB
site(6)] G71M Dol el 84.3%-96.1%2] AFA-S B ATHFig,
3A). 223 S natalensis®) anB site TEEF TR WHAH2] 7494
H A4 el pirin FEHE Z=3H= ORFU 93131 AU
=3

39 Fig, 2014 B nle} Zo] A AEFHEA = 11 kb
o] W= elofl 15 kb YHol) £ T WeT) Sels]o] ol e}
22 o= 15 kb $X]9] E4A DNAE 3|58t F2d3H
5 A71eA AF3 primerE o€t A7IMLES B8
2 A ojn] A#F auB siteol] D3 50.0%-703%2] e A
€ HO|&= pseudo-aB site (pseNyE EAT 4= AAA(Fig.
3B) anB sitet= TREA S S) hypothetical
(GenBank accession no. YP_117731)& Z=3h= ORFU $1%]
3 gick 2eEE el HEADA B¢ daFe A o
E % 3 (aB site®} pseudo-artB site)oll pSET152HE17} A€
Zolek. Z#H 15 kb WMEr} thE g/)e] FFHALA A
ER}A] L AL anB site?} pseudo-auB site?tell U 3
EJ o] zpo|ukE pSET1527} pseudo-anB sitedl] A== W=7}
atB site T} 29t7] Wl Ao = Ao HThE).

ag]x FEALe] H9-50)F AxFES A3 AHEEHE S
natalensis DAL anB site®} pseudo-antB siteoll pSET152¥ E]
o) AAATO R S naralensis®] THF Wy} Ar1eXS &<l

3

protein

(A)

aureo 1
averm 1

cinna 1
clavu 1
coeli 1
grise
hygro
livid
longi
natal

[T

(B} -

meenie ) 3 S I, . B | 1 o
Fig. 3. Sequences of attachment sites in ®C 31 integration. (A)
Sequences of the a#tB site of S. natalensis and alignment with a#B
sites of Streptomyces species: aureo, S. aureofaciens; averm, S.
avermitilis MA-4680; cinna, S. cinnamonensis; clavu, S. clavuligerus;
coeli, S. coelicolor A3(2) strain M145; grise, S. griseus ATCC 12475;
hygro, S. hygroscopicus NRRL5491; livid, S. lividans 66 TK64; longi,
S. longisporoflavus 83E6; natal, S. natalensis ATCC27448 (this
work). (B) Sequences of the pseudo-atfB site (pseN) and alignment
with the anB site of S. natalensis. XX represents the location of
sequence at which the crossover between a#tB and attP occurs.
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371998 6RS HADA (B site?} pseudo-artB siteoll
pSET1S2¥E7} Zb2t AA1® 22 Edshe o7ie) AgdeAt
opAFol tisle] natamycin’iAF FE|ESIE Hws) Hgkou
1 zpol= EolER] eIt RIR vAX)). I EE S natalensis
9} anB sites o83 FIATHL o §- HFolar A&
FAMEH O pseudo-anB site= auB sitet A T o4l
A AR S QS ACE VgET)

#HAle| 2
B A7 Agustn ge=RAAaTe Qo o]Ffoiz
oo ool ZAL=HUth.
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ABSTRACT : Transformation using Conjugal Transfer and anB Site Properties of Streptomyces

natalensis ATCC27448

Kang-Mu Lee, Sun-Uk Choi, Hae-Ryong Park, and Yong-Il Hwang*
(Division of Food Science and Biotechnology, Kyungnam University, Masan 631-701, Korea)

Streptomyces natalensis ATCC27448 produces natamycin, a commercially important macrolide antifungal anti-
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biotic. For molecular genetic study of S. natalensis, we have developed a system for introducing DNA into S.
natalensis via conjugal transfer from Escherichia coli. An effective transformation procedure for S. natalensis
was established based on transconjugation from E, coli ET12567/pUZ8002 using a ®C31-derived integration
vector, pSET152, containing oriT and a#tP fragments. The high frequency was obtained on MS medium con-
taining 10 mM MgCl, using 6.25 x 10® of E.coli donor cells without heat treatment of spores. In addition, south-
ern blot analysis of exconjugants and the sequence of plasmids containing DNA flanking the insertion sites from
the chromosome revealed that S. ratalensis contains a single ®C31 a#B site and at least a secondary or pseudo-
attB site. Similar to the case of various Strepfomyces species, a single ®C31 a#B site of S. natalensis is present
within an ORF encoding a pirin-homolog, but a pseudo-a#tB site is present within a distinct site (GenBank
accession no. YP _117731) and also its sequence deviates from the consensus sequences of aftB sequence.



