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7k 5B ATCC 29253 7= Hygrocin A & BESERIML1L
EHES LB MR HE EREY

(1. 430070)
Q. 430070)

@ ZE: [¥%]) Hygrocins £ —Fr Az TiuA £, LA RAFNFHF LA, 257 IIEHRER
KBS T B4R A Hygrocin A 22 —AARAK, HEZAE BEATAEHEN . [B 6] R SBKEE
# ATCC 29253 X B4+ Hygrocin A 49758, [ %1 KA LR E 5 E R H kAR S0 7
% ARG RHR . RUR BB 2L MgCly iR B NaCl AR E  FFF @5 B £ xR K4 B ATCC 29253
7= Hygrocin A fe h#9#vm . (4R RAEL LM A(g/L): F & 4.0, T2 8.0, £F#R
I 10.0, K,HPO4 1.5, KH,PO, 1.5, NaCl 1.5, MgCl, 1.0; #FF & & E4Lata 4 48 h; 354
Adp: #JR%ER 200 t/min, #0046 pH % 6.8-7.0, #EK ¥ 50 mL/250 mL, #FE 5%, 30 °C 3%
10 d. EMALEAE T, Hygrocin A & &5 L /R4432FHIE MI10 48R 5 T 500%, Rapamycin =
FRTHT 95%. [4#] @il mie, TREFRGRKEETH ATCC 29253 F Hygrocin A
=&, # Hygrocin A &~ R A 5 5€ S ek, FI AT 4% Rapamycin =29 2 T4, X350 T8 ik
FRREMA B AT At F e RAEE £, Stm RS AP A £ B i AL e RsHAE AR

K BK4EH, Hygrocin A, Rapamycin, K EEMAL, E XXt

Optimization of fermentation conditions for Hygrocin A
production by Streptomyces hygroscopicus ATCC 29253
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Abstract: [Background] Hygrocins, a kind of naphthalene ansa antibiotics, are potential leading
compounds for the chemical biosynthesis of novel drugs. However, under the common medium and
fermentation conditions, the content of Hygrocin A in the cell is generally very low, and it is difficult
to detect it directly. [Objective] In order to improve the yield of Hygrocin A from Streptomyces
hygroscopicus ATCC 29253. [Methods] Effects of carbon source, nitrogen source, phosphate
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concentration, MgCl, concentration, NaCl concentration and seed age on Hygrocin A production
from S. hygroscopicus ATCC 29253 were studied by single factor and orthogonal test design.
[Results] The optimal fermentation conditions were as follows: glucose 4.0 g/L, soybean cake meal
8.0 g/L, malt extract 10.0 g/L, K,HPO4 1.5 g/L, KH,PO,4 1.5 g/L, NaCl 1.5 g/L, MgCl, 1.0 g/L; seed
age 48 h; culture parameters: shaking speed 200 r/min, pH 6.8—7.0, bottled in 50 mL/250 mL,
inoculated quantity 5%, incubated at 30 °C for 10 days. Under optimized conditions, the yield of
Hygrocin A increased 500%, compared with its original medium M10, whereas at the same time the
yield of Rapamycin decreased 95%. [Conclusion] The yield of Hygrocin A from S. hygroscopicus
ATCC 29253 was significantly improved by optimizing the fermentation medium, which lay the
foundation for studying the synthesis and application of Hygrocin A. At the same time, the yield of
Rapamycin decreased significantly. This suggests that the metabolic flux of the two antibiotics can be
adjusted intentionally by selecting the culture conditions, and then the metabolic regulation research
for simultaneous expression of multiple antibiotics can be carried out.

Keywords: Streptomyces hygroscopicus, Hygrocin A, Rapamycin, Fermentation optimization, Orthogonal
test design

Hygrocins 2005 Hygrocin A
(Streptomyces hygroscopicus) ATCC
29253 ( Hygrocin A S. hygroscopicus ATCC 29253
2 Hygrocin C D F Hygrocin A Hygrocin A
MDA-MB-431 (IC55=0.5 3.0 3.3 pmol/L)
PC3 (IC5¢=1.9 5.0 4.5 umol/L) HPLC LC-MS
B) HygrocinA 9 [4] Hygrocin A S. hygroscopicus ATCC
(Rifamycin)”! (Naphthomycin)™® 29253
o 1 AR
L1 #
o] L11 EH
S. hygroscopicus ATCC 29253
Hygrocin A
(Rapamycin) S. hygroscopicus ATCC 29253
(Geldanamycin) 112 EBEE
Streptomyces sp. LZ35!"") 10.3% YEME (g/L)
Hygrocin A 3.0 10.0 5.0 3.0
Hygrocin A 103.0 pH7.0-7.2 0.7x10° Pa 20 min
Hygrocin A M10 (g/L) 4.0
10.0 40 pH 7.0-7.2 1x10° Pa
e 30 min
Hygrocins 1.1.3  EERAFIRINEE
Rapamycin Hygrocin (AR) (AR GR) (AR)
A HPLC (GR) (GR)
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TEDIA
(HPLC)
(LC/MS Agilent 1260
6540 UHD Accurate-Mass Q-TOF)
(Agilent Zorbax Eclipse XDB-C18 column 4.6 mmx
150 mmx3.5 um) ( )
Eppendoff

Scicentific Industries

1.2 7
1.2.1 EFRHE
10 uL S. hygroscopicus ATCC 29253
5 mL 10.3% YEME Polyamide
(PA) 30 °C 200 r/min 3640 h
2.5mL 50 mL M10
30 °C 200 r/min 11d 6-11 d
Hygrocin A
1.2.2 Hygrocin A E=4&
50 mL 4 500 r/min
50 mL

150 r/min 2h

10 min
(80:15:5 )
4 500 r/min
1 mL

10 min

0.22 pm

HPLC LC-MS 0—5 min 20%—35%
A 5-19 min 35%—-55% A 19-20 min 55%—65% A
20—-23 min 65%—100% A 23—27 min 100%

A B 0.1%
4.6 mmx 150 mmx3.5 pm
0.5 mL/min 10 uL

306 nm
30 °C
m/z 50-1 700
10 L/min
145V
Agilent Mass Hunter B.05.00

350 °C
40 psi

1.2.3 EEEFRITHK

(1) 10 pL
5 mL 10.3% YEME PA 30 °C
200 r/min 12 24 36 483 60 h
2.5 mL 50 mL M10
30°C 200 r/min 10d
) MI10 10.0 g/L
4.0 g/L

1.0 20 40 60 80gL
3) M10 10.0 g/L
4.0 g/L

1.0 2.0 40 6.0 8.0gL

4
(D KH,PO4
40 6.0 80 1.0 12.0 14.0 g/L
KH,PO4

(5) 0.0 2.0
40 6.0 80 10.0g/LNaCl 0 02
0.5 1.0 2.0 3.0 4.0 5.0 g/L MgCl, Hygrocin
A

(6)

SPSS 19.0
KzHPO4+KH2PO4 MgC12 NaCl 5

3 Lig3)
*=1 UCEREREL
Table 1 Optimization of phosphate

No. KH,PO, (g/L) K,>HPO, (g/L)

1 0.0 0.0

2 1.0 1.0

3 2.0 2.0

4 3.0 3.0

5 4.0 4.0

6 5.0 5.0

7 6.0 6.0

8 7.0 7.0

9 8.0 8.0

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ATCC 29253  Hygrocin A 149

12
2 HRH5aH
2.1 Hygrocin A 2%k Lor
=
1 6-10 2 08
Hygrocin A 2
0 0.6 -
Hygrocin A 11 5
. : S 041
Hygrocin A Hygrocin
A 10d 021
W7 s 9 10
2.2 ﬁp%%l—ﬁéwf HygrOCin A FZ —EE"]%Z ﬂ['u] Fermentation time (d)
03] 1 WR7k$EEH ™~ Hygrocin A BHZ
Hygrocin A Figure 1 Hygrocin A production curve of S. hygroscopicus
2 ATCC 29253
48 h 10d Hygrocin A -
48 h
s . . 1.0 ——
2.3 xiEXT Hygrocin A =2 HIS2NT
'
50% 2 08
N
o 0.6F
=
=
” S 04f
5 02}
Hygrocin A 3A 0.0 ! ! : ! !
12 24 36 48 60 72
(Glucose) Hygrocin A Seed age (h)
3B 2 T ERXT Hygrocin A F== RIS
4.0 g/L Hygrocin A Figure 2 Effect of seed age on Hygrocin A production
A a2 B |,
1.0 + 1.0
2 08} 2 08}
% . —F— 8 .
g g
0 0.6 g 0.6
= =
2 0.4} K 0.4+
02F 02F
0.0 Ie I I Iﬁ é 0.0 IIO 2I0 3IO 4IO 5I0 6I0 7I0 8IO 9IO
co“a oV xF ﬁo"a \\0% . . . . . . . . .
o Q\ﬂcei\ \)‘0\6$ e W Glucose (g/L)

Carbon source

3 BRRAFMEEEKEB)S Hygrocin A 2 HIFN
Figure 3 Effect of carbon source (A) and glucose concentration (B) on Hygrocin A production
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Hygrocin A
Hygrocin A
2.4 FEX Hygrocin A F= 2RI 2.5 FAERELXT Hygrocin A 2RI
pH
[15]
3 Hygrocin A pH
4A (Soybean cake meal)
Hygrocin A 4B [16]
K,HPO,+KH,PO,
KH,PO, Hygrocin A
Hygrocin A SA 1.0 g/ K;HPO4+
1.0 g/L KH,PO4 Hygrocin A
Ao B o
1.0+ ! 1.0+
g g
§ 0.8 T § 0.8+
2 ! 2
o 0.6 - ° 0.6 -
E 04t S 04f
~ 2
02+ 02Ff
1 1 1 0 0 1 1 1 1
Yeast extract Peptone  Soybean cake meal 0.0 2.0 4.0 6.0 8.0

Nitrogen source

4 TRQAQMEBEBZHHIKEB)XT Hygrocin A == KIS0
Figure 4 Effect of nitrogen source (A) and soybean cake meal concentration (B) on Hygrocin A production
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Figure 5 Effect of K,HPO,+KH,PO, (A) and KH,PO, concentration (B) on Hygrocin A production
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o 0.6F
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pH 5B 02
2.6 NaCl;KE %} Hygrocin A F== RIS 0.0 L— ' .

NacCl Hygrocin A
6 NaCl Hygrocin
A NacCl Hygrocin A
NacCl Hygrocin A
0-2.0 g/L
NaCl
2.7 MgClL i KEXT Hygrocin A F== RS20
(
)
MgCl, Hygrocin A
7 MgCl, 0.5 g/L
1.2 -
1.0
=
% 0.8
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E 0.4 r
02
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Figure 6 Effect of NaCl concentration on Hygrocin A
production
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Figure 7 Effect of MgCl, concentration on Hygrocin A

production

Hygrocin A 0.5 g/L MgCl,
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MgCl,
2.8 EXHWRITRER
SPSS 19.0
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3
( D
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Table 2 The analysis of range and design of orthogonal test

Factor =
Treatment number AGlucose S](g)ybean el KZHP04$KH2PO4 M;)Clz N::CI Malt extract

@L) @L) @L) @L) @L) b
1 3.0 8.0 1.5+1.5 0.5 1.0 10.0
2 5.0 12.0 1.5+1.5 1.0 0.5 10.0
3 4.0 12.0 0.5+0.5 0.3 1.0 10.0
4 5.0 8.0 1.0+1.0 0.3 1.5 10.0
5 4.0 8.0 1.5+1.5 0.3 1.5 10.0
6 3.0 8.0 1.0+1.0 1.0 1.0 10.0
7 3.0 8.0 0.5+0.5 0.3 0.5 10.0
8 3.0 12.0 0.5+0.5 0.5 1.5 10.0
9 4.0 10.0 1.0+1.0 0.5 0.5 10.0
10 3.0 10.0 0.5+0.5 1.0 1.5 10.0
11 3.0 12.0 1.0+1.0 0.3 0.5 10.0
12 3.0 10.0 1.5+1.5 0.3 0.5 10.0
13 4.0 8.0 0.5+0.5 1.0 0.5 10.0
14 5.0 8.0 0.5+0.5 0.5 0.4 10.0
15 3.0 8.0 0.5+0.5 0.3 0.5 10.0
16 5.0 10.0 0.5+0.5 0.3 1.0 10.0

K 17 767.429 31 133.146 14 147.996 19 076.746 16 843.513

K, 23 842.479 17 024.858 16 340.171 18 954.308 19 210.675

K 17 223.029 10 674.933 28 344.771 20 801.883 22 778.750

R 6 619.450 20 458.213 14 196.775 1 847.575 5935.237

RI HEDW
Table 3 Analysis of variance
F P
Source of variation Quadratic sum Degree of freedom Mean square F valve P-valve
A 1.182E-8 2 59 111 163.014 2.929 0.144
B 1.275E-9 2 6.377E-8 31.604 0.001
C 5.568E-8 2 2.784E-8 13.797 0.009
D 9395 714.051 2 4 697 857.026 0.233 0.800
E 94392 164.171 2 47 196 082.086 2.339 0.192
2.9 mMAEEFARIEIE Hygrocin A MI0
6 Hygrocin A
M10 Ml Rapamycin!"!
8 5%
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