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Streptomyces platensis YK-2, newly isolated from forest soil, produces transglutaminase (TGase), which
catalyses an acyl transfer reaction between the primary grade amine and protein or y-carboxyamide
group of peptide bound glutamine residues. For a molecular genetic study of S. platensis, an effective
transformation method was established by using a conjugal transfer of DNA from Escherichia coli to
spores of actinomycetes. The highest transcon]ugatmn frequency of S. platensis was obtained on an MS
medium containing 50 mM MgCly, using 5x10” £ coli as a DNA donor and 1x10° spores without heat
treatment as a host. We also identified that S. platensis contains a single a#fB site within an ORF en-
coding a pirin-homolog, and that its a#fB site sequence shows high homology to that of &
logisparoffavus. In addition, it was confirmed by phenotypic analyses of exconjugants that the in-
troduction of heterologous DNA into the aftB site of the 5. platensis chromosome does not affect its

morphological differentiation and TGase production.
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2 Aol AHE AT T AGNA el S pla-
tensis YK-2 [22]Z TGaseE AJ2tstr] £ 759 2= HEA
g FEAZA ALSSAY B i XL-10-Gold= 2295
A3 32 Ao Wgsy d49 E ol ET12567/
pUZB002E A2 DNA T2 AMH-SISIT. phiC31
frel 9] attachment site (attPS} integrase (inf) 715< 7}
pSET152 (5.7 kb) [3]8 HFAGY F9-5ol&d A= (site-
specific recombination) ¥ E] 2 A3 A TE £ WE 7} A
Gs 53 FAE WE AEHY integrased] EF0E WA
1 chromosome?] attB siteZ AYH FHA A2F
(recombination)©] ©]o1A] Pojut7] weo] & =29 A=
2 A3 E & (transconjugation frequency)Z YERH T

HHA] S BRI

S. platensis ATCC 491739] A48 Wi A= ISP2 gHxdw
A(yeast extract 4 g/, malt extract 10 g/1, glucose 4 g/1, agar
20 g/1, pH 70~74E A3 oM HAHLS 9 WA=
© AS-1 (yeast extract 1 g/1, L-alanine 0.2 g/l, L-arginine
0.2 g/1, L-asparagin 0.5 g/, soluble starch 5 g/I, NaCl 2.5
g/1, Na;SO, 10 g/1, agar 20 g/1, pH 7.5), ISP4 (soluble starch
10 g/1, KoHPOs 1 g/1, MgSO«+7HO 1 g/I, NaCl 1 g/],
(NH4)2504 2 g/1, CaCOs 2 g/l, FeSO4-7HO 0.001 g/,
MnCly-4H,0 0.001 g/1, ZnSO,4-7H,0 0.001 g/1, agar 15 g/I,
pH 7.0~7.4), MSH] A](mannitol 20 g/1, soya flour 20 g/],
agar 20 g/)E AHESITE B E cofi®] YRh 2 A
S 93| Luria Bertani (LB)#| 4|2 o] 43} 37°Cel| A 180 rpm
oz g sl

HI

DNA =2t 5! 22

Aol 42l DNA 2% Sambrook 5[19]2] WS A
8393 S platensis o1 A9 DNA Z2-2 Kieser 5[10]9] %
HE AN o S platensis AT LA Y total DNAE
Rao (18] "o 2 343} th Southern blot hybrid-
izations 913} DIG High Prime DNA Labeling and Detection
Starter Kit II (Roche Applied Science, Tokyo, Japan)%}
pSET1529] 0.5 kb apramycin-resistant %4} @& probe
2 218313tk DNA |71 E 2742 pSET1529] attP sited]
A1 100 bp ol F5-9] H7IMEE 0|83t ATTPR primer
(5'-CTGGGTGGGTTACACGACGCCCCT-3)E A &sted 7
RS

ru{oshg

SRR

E cdi| X S. platensis®-Z plasmid®] A E2 Kieser

[10]o] FHg Wl Wdsto] 53 pSETIRNE £
3t FAT T E coli ET12567/pUZ8002-> apramycin (50
ug/ml; ©]3} Apr), chloramphenicol (25 pg/ml; ©]3} Cm),
kanamycin (50 pg/ml; ©]3F Km)o] #7be LB iAo 753
., optical density 600914 047} & wWj7}A] wjgstAt. S
Platensis®] 5ol A7t He H7rd FYAE AA7] 9
a % LB wWiAZ F W A= 5 01 il LB wWiA =
NSt S platensis 9+ FEFALE AT TAdFE AL
S35tk GA A & 1x10°Y S, platensis EAHE 2xYT
A 05 mz @ee & FulE FAEF @ 05 ml
(25x10)¢ & £ o2, AR AL AAT
H AR pellets 10 mM«] MgClLE Z33t 45 7(AS-1,
ISP2, 1SP4, MS)<] .J_iZﬂHHX] o =23l 28°Coll A 16~20A17t
T A AT FAAEA ] AEE 98] 1.5 mle] &
ol 0.5 mg9] nalidixic acid (¢]3} Nal)®} 1 mge] Apr&
A7kste] iAol FHAI F, 28°Col A 643 T vt
o, AuE AALAE Nal (25 ug/m) 2 Apr (5 ug/miel
e e Aol At eFste] fdojxl EFE2) chromo-
some DNAE FZ3}3 PCR| 93] JAAE 55 s}
At £ A7E T dold e JF {%ﬁﬁr(transcon-
jugation frequency)> HAHZAY ol AHEH EA4F tiH]
S AFAGArY HEeE Jepd o

A7IM Q| accession number

B =% Bu¥ S platensis ATCC 491739 attB site?]
971 €& GeneBank9l accession number AB531501E 5=
= A
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WA AR 71 gol ARE e wl A 0]H([7,10,17],
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Kitasataspora setae [4]°] ¥ AH&E A u] A o|th.
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U ISP29] A S-oll S platensis®] EAAY S H A A Yol =
7ot ARG E W FAHA X3l S platensis®] A
FADo = HAGE Ao 2 345 ATHTable 1). = PAA
A7 FE 3E9 v A FoM HIHEEES MSTt 7HE



Table 1. Effects of medium on transconjugation efficiency

Medium® Transconjugation frequencyb
MS 2.3x10°
1SP4 14x10°
AS1 6.5x10°
ISP2

Each medium contains 10 mM MgCl.

"Values represent average frequencies from three independent
experiments.

- indicates no exconjugant.
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Fig. 1. Effects of temperature on the viability of S. platensis

spores. Spores (10°/ml) in 2xYT medium were in-
cubated 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).
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Table 2. Effects of heat treatment of spores on transconjugation
efficiency

Temperature of*

Transconjugation frequency’
heat treatment Jug quency

No heat treatment 1.4x10°°
30°C 7.9x107
35°C 7.0x107
40°C 4.9x107

45°C -
°The heat treatment of spores was performed for 10 min.
"Values represent average frequencies from three independent
experiments.
- indicates no exconjugant.
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37| o EHZ?%H Blﬁﬁ dAYE T EE *—J@%C’W @%‘

DNA Z0{|5et 84|59 2

AgAGE L] Fe AT 4$ plasmid DNAS] 3o
A2 ANLHE E cdifr 9 5849 TA49 vlgo] A3
Ga gl uds] T2 A v T4 APATel st
S, platensis®] 7% T2 AT WS AFADEE] XS
RO 2 HAEHJTH3]. 22 2E JgADd o3 HHF
AGE 2AFEH7] 9138 Table 304 B vhe} o] FojA<l
E i 25x10%0 4] 25x10°714] ©A A 0.2 AL319 .01
F 842 £ F 5 5x10°0 A 1x10°74A] AH&-3te] A8 3}
Atk 1 A7 DNA FAA 9] 9} F8A49] 7} BF 5718
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Table 3. Effects of the number of £ colf donor cells on trans-
conjugation efficiency

Number of Transconjugation frequency”

recipient Number of E. coli ET12567/pUZ8002(pSET152)

spores 2.5x10° 25%10" 5x10’ 2.5x10°
5x10° - 18x10°  2.8x10*  3.3x10*
1x10’ 20x107  23x10°  3.0x10*  3.2x10*
1x10° 25x107  24x10°  33x10*  3.2x10®

*Values represent average frequencies from three independent
experiments.
- indicates no exconjugant.



100 A3 38k %] 2010, Vol. 20. No. 1

ZA AFALE o A IUste A
AATE 28U E 7} 5 B 5x10% A & 5x
Aol 7b fisith. webA S platensis®] ﬁﬁ‘ﬂ%}a
E e 5x10°011 253107 o]4+e] FdA7 AgAe
3 "asite A= FelstArh

X[ A7=l= MgCLel 2 MsT
Ao MgClL9] A7H7E HgAga g 2 JFL 1
A =5 10 mM9] MgClL7t YRt o2 wjAjel] H7ts]of ¢
TH15]. 28 H2 K setaed] ATZZH4]o] w2 ISP4H] A
o 50 mM<] MgCl7t 7= o §F47keF 10 mM 71
750 vlsl 247} 3.8u) 9} 330 & HAALEES HYrh
olgd A= AT £H| g FHrrr G342 F
Aths AL du|dty. 2 EE S platensisdl H3F MgCl
HA A7bEEE gRlaty] sl HAuAR A E MSrjA|of
0~60 mM7HA] Thgt 5 =2) MgClhs H7kete gdeS
A#Ystgith. 1 A3} Table 4914 B upo} o] MgChE 37}
o}xl e AT Hls| Arbsmrt TSRS ARHgs
Fo] oA = A #ET F AT 50 mMo| MgChs
AMAS W 64x10°2 713 e FAHNLESS BHYEy 7
H7htel Hlsf 1838 U =9te ] 10 mM H7tel HisiA = 3.2
v E=9kt) o]d @ ATE K seaed] ATATHYL o> FAHEH
AOR S platensis?] AHADGE H3)A= MSHIA o 50 mM
MgCLs #7Fshe Aol F4 weke S U9 F A
A 5744 9 OHLE 58 F99 S platensiss 93 H 3
AAAY 2052 HAFHLE wjAZ 50 mM MgCl7t H7b
o MSH| A& Abgata dA2ehA] e 1x10° 24 DNA
FAAZM 5x10° E colis AH&3tE Aolth meA B 24
%% R @ﬁd A 94x10%0) e o APHATELS

Table 4. Effects of MgCl, concentration in MS medium on the
transconjugation efficiency

Concentration of MgCl» Transconjugation
added in MS medium (mM) frequencya
0 35x10®
10 2.0x10°
20 25x10°
30 2.9x10°
40 43x10°
50 6.4x10°
60 58x10°

“Values represent average frequencies from three independent
experiments.

£ 2

159

o

atiB site| 2

£ Aol AHEE pSETI52¥ B & pC31 F-el e attPsiteS
Eeta o] ALl s HAdd Wz =9E HEe
integrase]l ©]3)| chromosome?] attB siteZ 4+ = o] g3}
A AT A7HA] A8 Aol et anPsite7} A
© 2 B anBsiteTto] ofyele Ao B A T20]. o}
A attP site7t AU E = S platensis®] attB sited] BY3l AT
stttk WA 2 75 Tl Aol o) A LA =T H
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HE 54 =S AT AATHFg. 2). ol AE
Platensis®] chromosomeW] o pSET152% B 7} A4 == 510]
EAgtE A& AAsHE Aolth & atB site?] chro-
mosomeH| & 9]¢} A7 LGS Felatr] s pSET1527F
A E 4719 A AGA ZHEE chromosome DNAS 747}
FEoto] Koz A3 F agarose H71FFS Fl
Southern blotol] &H¢1H UM ERZL9] DNATH S 3]43}
At Lolx] DNAE selfligations A E cdi XL10-Gold 2
FAHEH AL, Apr (50 ug/ml)7k H7HE WA E AH&-sto]
FAASA S M8t anB sitee] YF7F E£3E chromo-
someTHE FE2Y35Yth AojA chromosome THEY 47
@& ATTPR primerE ©]-&3tef L4atAqtt 1 23} 474 <]
AFAGAZRE AT antB sited] right-regione ZF &
Ut A7IMEE BHOH accession number AB5315012
GeneBankoll =591tk & o] Y& & Wdd o
attB site?] right-region @714 gl W3l 77.8% ~96.3%<] 7
TS BAoM auB site®] chromosomeW] Y= S pla-
tensis chromosome 9] pirin 445 & ZZ=3l= ORFU o ¢ 4]
3 AAUTHFig. 3A). L attB sited] leftregione] tig 47
Age 29 et ol e e d7dMx
Bad 8 AUH17]. atB site®] AFHA BEAqAE S
longisporoflavus®] attB site$} 71 71741 0.9 S, aureofaciens

=. 37
Elsaly

W 1 2 3 4
193 kb —
e ¢
7.7kb —
6.2kb —
4.3 kb —

Fig. 2. Southern blot analysis of Kpri-digested genomic DNA
of wild-type strain and exconjugants. Lane W; wild-type
S. platensis, lane 1-4; apramycin-resistant exconjugants of
S. platensis.



(A) ambofaciens T T
aureofaciens T I T
avermitilis T \CT
cinnamonensis T \CT
clavuligerus T T
coelicolor T T
griseus T iy
hygroscopicus T i
lividans T iy
longisporoflavus W T T
platensis SCT T

(B) 0.0826 . .

Slnnamonensis
0.0237
grissus
0.014% 0.0226
0.0130 ,
longisporoflavus
U.U%Ul
platensis
0.0261 0.0150
0.0000
avermitilis
0.0z291
h%gurosc opicus
0.0511 0.0000
cuellcnlnr
lividan
0.0190 [5.0000
ambnfaclens
0.0362 )
L———— <¢lavuligerus
0.01%0
aureofaciens

0.1209

Fig. 3. Alignment of the afB site sequences (A) and phylogenetic
tree (B) among S. platensis and other actinomycetes: am-
bofaciens, S. ambofaciens, aureofaciens, S. aureofaciens
avermitilis, S. avermitilis MA-4680; cinnamonensis, S. an-
namonensis, clavuligerus, S. davudigerus, coelicolor, S. coe-
licolar A3 (2) strain M145; griseus, 5. griseus ATCC 12475;
hygroscopicus, 5. hygroscopicus NRRL5491; lividans, S.
lividans 66 TK64; longisporoflavus, S. Jongisporoflavus
83E6; platensis, S platensis YK-2 (this work). The align-
ment and the phylogenetic tree were created by
GENETYX software (GENETYX Co., Tokyo, Japan). The
numbers among actinomycetes in the phylogenetic tree
indicate evolutionary relationship based on Kimura's two
parameter model and neighbor-joining methods.

o} 718 E A TH(Fig. 3B). £8+ S, platensis chromosome®] attB
sited] pSET152¥ E{ gt} A 0.2 S platensise] THFP o] W
steEAE FAdr|sls JAFAGA S opYFol diste]
TGase Y4+ e E3E F9la) Botort ojd Wale #

g ¢ JAAHHE PAA). 2HEE B AFM AHER
AIAGA2HL 5 platensis YK-290] EAYETZH AT S
sl theks] HF Aol A& FAHGTHolgk= Ao
A= A

el 2
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