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o 1.1.3
BD
S. hygroscopicus ATCC29253 21 NaCl .
50 mg/L
o 20 mg/Lo
50 mg/L
1 o sigma
1.1 1.2
1.1.1 : DNA 8 o
(Escherichia coli) DH5a  ET12567 S. hygroscopicus ATCC29253 2CM
S174 ET12567 (pUZ8002) 10.3% YEME  TSB.
3 S. hygroscopicus ATCC29253 American 1.3
Type Culture Collection ( ATCC) ; 2CM
pJTU2554 ' 10° S
~PC31 hygroscopicus ATCC29253
onTs 10
1.1.2 : LA LB 5 mg/Lo
TSB.2CM.ISP4.SC. 1.4 -
M10.MS. PS5 o M2CM * :NaCl 1.0 g/L S174 /pJTU2554
K,HPO, 1.0 g/L 10 g/L ET12567 ( pUZ8002 ) /pJTU2554 S.
1 ml/L. MgSO,.7H,0 2.0 g/L 2.0 g/L hygroscopicus ATCC29253 o 5 pL
CaCO, 2.0 ¢/L. (NH,),S0, 2.0 g/L 5 mL LB
22.0 g/ pH 7.2, : FeSO,. 7H,0 37C o 500 L
1.0 g/ MgCl,.6H,0 1. 0 ¢g/L ZnSO,.7H,0 50 mL LB 37C
1.0 g/Lo 2CM ODg, 0.4-0.6. 3186 x¢g 4 min
. 2 1ISP4: LB 3 2 mL LB o
10 g/L K,HPO, 1.0 g/L NaCl 1.0 g/L MgSO, 12396 x ¢ 2 min TSB
1 ¢/T. (NH,),S0,2.0 g/L. CaCO, 2.0 g/L TSB . 50C 10 min  37°C
0.5 g/L 1 g/L 1 ml/L 2 h, LB 3 LB o 100 uL
20 g/L. :FeSO, 1 g/L. MnCl, 1 g/L (2.0 x 107) 100 pL
ZnS0, 1 g/L. @SC: 10 g/L (3.5 x10")
1 ¢g/L. K,HPO, 0.5 ¢/L. MgS0, 0.5 ¢g/L 30C 50 r/min
15 ¢g/L pH 7.4, SC 16 h o
; 16 h 20 mg/L
SC 50 mg/L 1 mL
o (@) TSB: Oxoid tryptone soya borth power 3-5 o
30 g/L. (OMS: 20 g/L 28 g/L 1.5
20 ¢/L. ®MI10: 4.0 g/L 20 mg/L
10.0 g/L 4.0 g/L 20 ¢/L pH7.3. @D o
PS5: 5 g/L 5 g/L 10. 3% YEME DNA.
20 g/L pH7.0. DNA pJTU2554
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DNA AprF: CGCTCGTCATGC
CCTCGTGGTC AprR: CGGCATCGCATTCTTCGCA 2
TCC PCR 588 bp
o 2.1 —
1.6
" S. hygroscopicus ATCC29253  2CM
1.7
= /
3 o o 1 o
1

Table 1  Effects of different media on conjugation frequency

E. coli-Streptomyces conjugation frequency on different media/( x 10 7> /cfu) *

Donor

2CM SC ISP4 PS5 MS M10
E. coli S174 /pJTU2554 1.71 (0. 16) 3.71 (0.13) 0.19 (0.14) 0 (0) 0 (0) 0 (0)
E. coli ET12567 (pUZ8002) /pJTU2554 0.23 (0.20) 0.12 (0.18) 0.03 (0.18) 0 (0) 0 (0) 0 (0)

* Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets) from three

independent experiments.

(2CM.SC  1ISP4) ?
(MS. PS5 S. hygroscopicus ATCC29253
M10) o o
2 SC 0.
E. coli S174 E. coli ET12567 0.1.0.5.1.0.2.0.3.0 g/L
(pUZ8002) o S174 /p]JTU2554 2 o S174/
ET12567 pJTU2554 ET12567 (pUZ8002) /pJTU2554
(pUZ8002) /pJTU2554 o 2CM
7.4 o
SC 30.9 ISp4 6.3 o
S. hygroscopicus ATCC29253 S174 /pJTU2554
E. coli S174 o 02 g/L
2.2 SC 2 g/ 5.06 x
- 1077 7.3 .
S. hygroscopicus ATCC29253 2CM  SC
o 3 g/L
SC o ET12567 (pUZ3002) /
2CM pJTU2554 1 g/L
o 2 6 -
2 SC

Table 2 Effects of different concentration of casamino acid supplemented in SC medium on conjugation frequency

E. coli-Streptomyces conjugation frequency in SC medium supplemented with different concentration

Donor of casamino acid (g/L) /( x 10 -3 /cfu) *
0 0.1 0.5 1.0 2.0 3.0
E. coli S174 /p]JTU2554 0.69 (0.10) 1.9 (0.16) 2.57 (0.04) 3.71 (0.09) 5.06 (0.05) 0 (0)
E. coli ET12567 (pUZ3002) /pJTU2554 0.02 (0.16) 0.03 (0.26) 0.06 (0.07) 0.12 (0.11)  0.06 (0.09) 0.04 (0.20)

* Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets) from three
independent experiments.
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2.3 2CM S174 /pJTU2554

- 1 g/L 5.14 x10°°

SC 3.3 SC
S. hygroscopicus ATCC29253 o
S. hygroscopicus (5.06 x 107°) o ET12567
ATCC29253 (pUZ8002) /pJTU2554
2CM 0.5 g/L 1.7 x10°°
3 o 2.4

3 2CM

Table 3  Effects of different concentration of casamino acid supplemented in 2CM on conjugation frequency

E. coli-Streptomyces conjugation frequency in 2CM medium supplemented with different

Donor concentration of casamino acid (g/L)/( x 10 -3 /cfu) *
0 0.1 0.5 1.0 2.0 4.0
E. coli S174 /pJTU2554 1.54 (0.22) 1.60 (0.17)  3.00 (0.19) 5.14 (0.21) 4.46 (0.13) 0 (0)
E. coli ET12567 (pUZ8002) /pJTU2554 0.07 (0.16) 0.11 (0.18) 0.17 (0.11)  0.09 (0.30) 0.09 (0.25) 0.08 (0.17)

* Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets) from three

independent experiments.

2.4 SC MgCl, — .
MgCl, o
ET12567 (pUZ8002) /pJTU2554
12 SC
0.2.5.5.7.5.10.20.30 mmol/L o
MeCl, 4 . sC
S174 /pITU2554 SC MgCl, .
2.5 mmol/L SC
4 SC
Table 4  Effects of different concentration of MgCl,supplemented in SC on conjugation frequency
E. coli-Streptomyces conjugation frequency in SC medium supplemented with different concentration of
Donor MgCl, (mmol /L) /( x 10 7 /cfu) *
0 2.5 5 7.5 10 20 30
E. coli S174 /pJTU2554 0(0) 3.75(0.32) 0.20 (0.20) 0.29 (0.22)  0.65 (0.24)  0.50 (0.27) 0.29 (0. 16)
E. coli ET12567(pUZ8002) /pJTU2554 0 (0) 0.13 (0.02)  0.02 (0.10)  0.07 (0.06)  0.12 (0.04)  0.13 (0.04) 0.13 (0. 16)

* Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets) from three

independent experiments.

2.5 2CM

2CM
30,4050 mmol/L

MgCl,

MgCl,
MgCl,
4.65 x 1077,

MgCl, —
0.10.20.
MgCl,
5 o
2
S174 /pJTU2554
40 mmol/L

ET12567 ( pUZ8002) /

pJTU2554 MgCl, 50 mmol /L
1.45x107°,
2.6
MgCl,
S. hygroscopicus ATCC29253  2CM
o 0.
0.5.1.2 g/L 0.10.20.30.40.50
mmol /L. MgCl, S174 /p]JTU2554
6 o MgCl,
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; 2 ¢/I. MgCl,
MgCl, 2 g/L 40 mmol /L S.  hygroscopicus
S. hygroscopicus ATCC29253 ATCC29253 1.5 x10*;MgCl,
0.63 x 107*; 20 - 50 mmol /L
MgCl, 40 mmol/L S. hygroscopicus o
ATCC29253 0.45 x107*;

5 2CM
Table 5  Effects of different concentration of MgCl,supplemented in 2CM on conjugation frequency

E. coli-Streptomyces conjugation frequency in 2CM medium supplemented with different

Donor concentration of MgCl, (mmol /L) /( x 107 /cfu) *

0 10 20 30 40 50
E. coli S174 /p]JTU2554 0 (0) 1.29 (0.27)  2.86 (0.16)  3.81 (0.17)  4.65 (0.25)  4.29 (0.10)
E. coli ET12567(pUZ8002) /pJTU2554 0 (0) 0.18 (0.10)  0.41 (0.18) 0.82 (0.20) 1.33 (0.15)  1.45 (0.16)

* Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets) from three
independent experiments.

6
Table 6  Effects of the combination of different concentration of casamino acid and MgCl,on the conjugation frequency

Concentration of casamino acid in Concentration of MgCl, in 2CM/(mmol /L)

2CM/(g/L) 0 10 20 30 40 50

0 0 (0) 0.15 (0.11)  0.40 (0.02) 0.42 (0.09)  0.45 (0.21)  0.44 (0. 13)
0.5 0.30 (0.33)  0.30 (0.18)  1.25 (0.17)  1.25 (0.22)  1.25 (0.10)  1.23 (0.17)
1.0 0.32 (0.24)  0.52 (0.20) 1.35 (0.16) 1.42 (0.13)  1.25 (0.19)  1.30 (0. 14)
2.0 0.63 (0.16)  0.52 (0.11)  1.46 (0.10)  1.44 (0.15) 1.5 (0.13)  1.45 (0.20)

* E. coli-Streptomyces conjugation frequency on 2CM medium supplemented with the combination of different concentration of casamino acid and MgCl, /
( x 107*/cfu). Values are presented as the average intergeneric conjugation frequencies per recipient and the standard deviation (shown in brackets)
from three independent experiments.

2.7 S. avermitilis S174  ET12567
2 /L
S. 9.5
hygroscopicus ATCC29253 2.1 & S. lividans 7ZX1 S174
o — ET12567
o S. albus S174
(S. albus) -
(S. avermitilis) - (S. lividans 7X1) ET12567
7 o o
7

Table 7 Effects of different concentration of casamino acid supplemented in media on conjugation frequency of different Streptomyces strains

Different recipients

Concentration of casamino acid (g/L) S. albus S. avermitilis S. lividans 7ZX1

S174 ET12567 S174 ET12567 S174 ET12567
0 3.1 (0.11) 5.0 (0.15) 0.6 (0.02) 10.0 (0.13)  90.0 (0.24) 50.0 (0.15)
0.5 12.0 (0.23) 0.5 (0.16) 1.8 (0.14) 15.0(0.17)  50.0 (0.13)  30.0 (0.11)
1.0 13.2 (0.22) 0.5 (0.07) 3.0 (0.09) 20.0 (0.16) 46.5 (0.19)  23.0 (0.21)
2.0 15.1 (0.17) 0.4 (0.19) 5.7 (0.22) 21.0 (0.03)  40.0 (0.08) 10.0 (0.07)

* . coli-Streptomyces conjugation frequency/( x 10> /cfu). Values are presented as the average intergeneric conjugation frequencies per recipient and
the standard deviation (shown in brackets) from three independent experiments. Conjugation media for S. lividans ZX1 and S. avermitilis are 2CM  while
conjugation medium for S. albus is ISP4.
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Effect of casamino acid on intergeneric conjugation in
rapamycin-producing Streptomyces hygroscopicus ATCC29253

Wanyao Zhang Huinan Lu Jing He
State Key Laboratory of Agricultural Microbiology Huazhong Agricultural University Wuhan 430070 China

Abstract: Objective Streptomyces hygroscopicus ATCC29253 has attracted much interests due to its capacity of producing
various secondary metabolites with strong bioactivities including immunosuppressant rapamycin nigericin hexaenes
elaiophylin and hygrocins. Objective To investigate biosynthetic pathway of these metabolites and construct high-yield
strains by genetic engineering establishment of a highly efficient genetic manipulation system is critically required in this
strain. Methods We tested the effects of conjugation media and donor strains on conjugal transfer from Escherichia coli
to S. hygroscopicus ATCC29253 and other Streptomycetes. Results We found that both casamino acid and MgCl,
supplemented in conjugation media improved conjugation frequency in S. hygroscopicus ATCC29253. A random
experiment led to the disclosure of an optimal combination of casamino acid and MgCl, by which the conjugation frequency
in S. hygroscopicus reached 1.5 x 10 *. Meanwhile we also found significant changes in conjugation frequencies of S.
lividans S. albus and S. avermitilis when casamino acid was supplemented in conjugation media.  Conclusion
Casamino acid has significant influence on conjugation frequency in not only S. hygroscopicus ATCC29253 but also other
Streptomyces such as S. lividans S. albus and S. avermitilis.

Keywords: Sireptomyces hygroscopicus ATCC29253  conjugation casamino acid
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