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Abstract; In order to improve the productive ferment level of the Sireptomyces erythraea, Plackett —Burman,

design, Steepest ascent design and Box—Behnken design were conducted to study the effects of different carbon

sources and nitrogen sources on ferment titer based on shaking flask for fermentation. Minitab—15 software was

used for a quadratic regression analysis. The results showed that starch, dextrin,

POV N

corn steep liquor and soybean

meal have great influences on the fermentation titer of erythromycin. optimum levels of starch, dextrin, soybean
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meal and corn steep liquor predicted by response surface methodology (RSM) were 52.3, 14.0, 45.3 and 14.6 g/L

respectively. The production of erythromycin was 7764 U/ml with this optimized medium. About 12% increase in

erythromycin production was observed at optimum levels of four variables envisage by RSM.

Key words: Saccharopolyspora erythraea ; fermentation medium; response surface methodology
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Tab 1 N = 20 Plackett—Burman experimental design and results

R A B C D E F G H ] K L B/ (U - mL7h)
1 -1 1 -1 1 1 1 1 -1 -1 1 1 6304
2 1 1 -1 -1 1 1 -1 1 1 -1 -1 5578
3 1 1 1 1 -1 -1 1 1 -1 1 1 5853
4 -1 -1 -1 -1 1 -1 1 -1 1 1 1 7120
5 1 1 -1 1 1 -1 -1 -1 -1 1 -1 5863
6 1 1 -1 -1 -1 -1 1 -1 1 -1 1 6385
7 1 -1 -1 1 1 -1 1 1 -1 -1 -1 6533
8 1 -1 1 -1 1 1 1 1 -1 -1 1 5888
9 1 -1 -1 -1 -1 1 -1 1 -1 1 1 7104
10 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 5849
11 1 -1 1 1 -1 -1 -1 -1 1 -1 1 7208
12 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 6881
13 -1 1 -1 1 -1 1 1 1 1 -1 -1 7184
14 -1 1 1 1 1 -1 -1 1 1 -1 1 6644
15 -1 1 1 -1 1 1 -1 -1 -1 -1 1 6350
16 1 -1 1 1 1 1 -1 -1 1 1 -1 6428
17 1 1 1 -1 -1 1 1 -1 1 1 -1 6413
18 -1 -1 -1 1 -1 1 -1 1 1 1 1 7595
19 -1 -1 1 -1 1 -1 1 1 1 1 -1 6238

20 -1 -1 -1 -1 -1 -1

-1 -1 -1 -1 -1 7434
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Tab 2 Plackett—Burman test factor level and its main effect analysis
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B HIkE 13.0 16.25 -4.17 0.003 ETE
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G (NH,),S0, 8.0 10.0 -0.87 0.410 ENTE
H MgSO, + 7H,0 1.0 1.25 -1.33 0.220 ENTES
J CaCO; 5.4 6.75 1.90 0.094 N TES
K i 20.0 25.0 -0.91 0.387 NS
L LR 10.0 12.5 1.42 0.193 ENTE S
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Tab 3 The steepest slope test design and results

LA TR (A) K (B) LY (B) FKH(C) B/ (U - mL™)
1 56.0 15.0 52.0 16.0 6637
2 54.0 145 50.0 15.5 7038
3 52.0 14.0 48.0 15.0 7584
4 50.0 13.5 46.0 14.5 7396
5 48.0 13.0 44.0 14.0 6874
6 46.0 12.5 42.0 13.5 6539
7 44.0 12.0 40.0 13.0 6095
8 42.0 115 38.0 12.5 5548

2.3 Box—Behnken % it Z oM E R HRIE Placketi—
Burman 3256 F1 fi BE M€ 3% 52 56 75 H 3E M1 52.0 /L,
WIKE14.0 /L, B DEK; 48.0 o/L, EKIE 15.0 g/L

YERH O 5, LLAL 5 R R i AR (YY), Al H
Minitab 15 Wi i [ 43 #1 # B9 Box — Behnken 1% 11,
witd HE 3 KV LE, 2 B E KL E 4,
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Box—Behnken 525 15 31 Az 45 5 UL36 5. 38 5 X3 +19088.6C — 44.3984A% - 310. 375B* - 16. 1719E* -
AT R EZ e IAA 153 Rk 2T R 495.250C* + 52. 6250AB +21. 5000AE - 152. 625AC -
Y = - 306806 + 5167. 81A + 6777. 17B - 352. 250E  23.6250BE+17.0000BC+69.9375CE

x4 ERKFHEBRE
Tab 4 Factor level coding table

K%
K
AER/ (g L7 BWIKE/(g- L") E &Gk (g- L") CERWE/(g- LY

1 56.0 15.0 52.0 16.0

0 52.0 14.0 48.0 15.0

-1 48.0 13.0 44.0 14.0

& 5 Box-Behnken X%t RER
Tab 5 Box-Behnken experimental design and results
W AER/ (g L") BMIK/(g-L7")  EEEWH/(g-L7") CERE/ (g-L7") M/ (U-mLh)

1 52 15 44 15 7430
2 56 14 48 16 5676
3 52 14 44 16 6794
4 52 14 48 15 7499
5 52 13 48 16 6794
6 52 13 44 15 7430
7 52 14 52 14 6570
8 52 13 52 15 6794
9 56 13 48 15 6639
10 52 15 48 14 6674
11 48 14 44 15 6983
12 48 14 48 16 6742
13 52 15 48 16 6656
14 52 15 52 15 6416
15 48 13 48 15 6725
16 56 15 48 15 7086
17 48 15 48 15 6330
18 52 14 52 16 6863
19 52 14 48 15 7878
20 52 14 44 14 7620
21 56 14 52 15 6380
22 52 13 48 14 6880
23 56 14 44 15 6519
24 56 14 48 14 7241
25 48 14 52 15 5968
26 52 14 48 15 7482

27 48 14 48 14 5865
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Tab 6 Variance analysis of quadratic polynomials

FTEARIR ERz0LS Seq SS Adj SS Adj MS F P
E)E| 14 6850120 6850120 489294 13.52 0.000
&k 4 1252911 1252911 313228 8.65 0.002
5 4 3105865 3105865 776466 21.45 0.000
ZHAEH 6 2491343 2491343 415224 11.47 0.000
FRERE 12 434335 434335 36195
ES) 10 334086 334086 33409 0.67 0.731
iRz 2 100249 100249 50124
it 26 7284455
R-Sq=94.04%
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Fig 1 Curve of interaction of starch, dextrin, soybean meal and corn steep liquor on erythromycin titers
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Fig 2 Contours of starch, dextrin, soybean meal and corn steep liquor on erythromycin titer interaction

SR 2R BT R T L s Bl [R] 2R ) 38 HLAE A i
SR/, B R A BAE A 3%, 1R FoR 38
HAEFRES L TR -WURE 158 VR T R -
TR AE AR VE R - ER I 38 HAE R DL K
BT DR Ry — T K 0 58 A 0 45 v e 38 S A 1
W, RUIVERY - WIHG TE A - SO0 TE R - KK
DS v R - ORI I S EAE FH YR 21 85 R K
WA R A Minitab 15 3502F 9 A4 iR R ARG
AR XA A R HE T 50 H7 19 BVE R & o 52.3 o/
L WIFE &8 N14.0 /L TP &8N 45.3 ¢/L
MRS SN 14.6 o/L W 2055 Z 00 (Y) T
B KAE A7734 U/ml,

2.4 E TSRO B RIERM ISR
Wl R TR IR, LR (3 IK) KT, 4155 & KWK
B35 7821 7709 F1 7762 U/ml, %J{H 7764 U/mL,

SHUNME 7734 U/mL 434 . R, 5 5k ks
FREL R IR BRI T 12%
3 itit54R

TELLTE 3 1Y T AR 7= v s R 0 T o A 1 68
WEZ ML R S. erythraea, 1952 4F WHA AN [FPLAER
TEER AP 22 B Y S, erythraea NRR12338, 4]
AL R R 0.25~1.0 g/L, HTE
2005 AEATHRGE H e B 458 10~ 13 o/, 1
LR R AR T R b TR R ORR B T2 AR
G EZE MG, HAT, MBS0 EIMAE AL
VAR BTG AT AR 7 il PR 4R v 215
Frem O Tk AP RS St 2 IRIE AR SR
4 e 7 TR HL AR 55 RN AR G AR T AR
SMEFESRE 2 7 7 1 T PR R e, DRI, AR
TR T Bt iR i 4 v 4185 38 7 i I 2 A 1



- 44 - rpE B2 23R 2018 4F 4 A5 52 4555 4 1)

Chinese Journal of Veterinary Drug

AHREBET MR E 28,

AR d S i SISy RO SR N
DR LT B Tl A e R AR R A S
SRS AR, T EE N B TR E
R O IR AR B Bt AR R e . £ A
R E KRR VR i IR AE 30 W& TR G A [
g W BT 3R 0 T 5.8%, LA IR AREM T
26.0%"" . Sk4xESERFIBRM A A B AR E
oy 2 BRI B PR TR 10 U E R T 7 e 4
B 16.11%" | Zou SFAEMIURREFRIE PRI KKK
PRHE TR AT AR K e A AR RN s T
22.2%"") | El-Enshasy %% FH b 28 240 4 45
WRE A MIENE T ZEa B & =/IERm T
33.0%'",

T 5 R PR o7 16 95 5 4185 R R e a2 P A
AR AT Tk, & %6, H Plackett — Burman
PRI BO L T XL RN A B E T 4
ANHER A3 VE R BIRT KRR SRR R
i FFY e e T35 1 90 38 3 o M 7 TG X35 e i 3 ok
Factors=4,Run=27 [J Box-Behnken % #4 741k,
AL R I R B SR B IC 7 - VER 52.3 /L W]
K5 14.0 o/L B E UK 45.3 o/L . E K3 14.6 o/L,
(NH,),S0, 8.0 g/L MgS0, - 7H,0 1.0 g/L . CaCO,
5.4 g/L AFFOEHY 20.0 o/L HZIBE 20.0 o/L IEH
B2 10.0 mL/L 71 20 mL/L, SR otk
ERIA L, AL T 2t & S A
LI A 7764 U/mL, HEFCTIRE T 12%,

SE Lk

[1] Stassi D, Donadio S, Staver M J, et al. Identification of a Sac-
charopolyspora erythraca gene required for the final hydroxylation
step in erythromycin biosynthesis [ 7. Bacteriol, 1993, 175(1) :
182-189.

[2] Bk ok, RAWE. REFABREDUERMIGRITEO[T]. HEZ
5, 1995, 6(1): 32-34.

Chen Q, Zhu C J. The clinical evaluation of large cyclic lactone

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

antibiotics[ J]. Chinese Pharmacy, 1995, 6(1) . 32-34.
M. R AR BRI TERIPOR[T]. Tolk a5 AT,
2009, 28(7): 18-22.

Shi M M. The control erythromycin Fed — Batch fermentation
process[ J]. Ndustrial Control and Applications, 2009, 28(7) .
18-22.

Z= W, RRAR, BT, LR A RIEAAFRRALLT]. P
B2 Tk A4, 2006, 37(6) : 381-383.

Li X, Chen C H, Li Y Y. Erythromycin A optimization of fer-
mentation conditions [ J ]. Chinese Journal of Pharmaceuticals,
2006, 37(6) : 381-383.

X)W, MRz, BRPED]. ZLRE R m T R F1-57 RO HE K
REETEDEL)]. AR (A SRR , 2003,
19(2): 61-64.

Liu F, Chen P Y, Chen X M. Screening and culturing of eryth-
romycin productive strain F1-57 and its fermentation[ J]. Journal
of Fujian Normal University ( Natural Science Edition) , 2003, 19
(2): 61-64.

A, UL WIRE . 2L (R TR A I 7 £ B R B e R
BEEEAE[ )], AR, 2011, 24(6) : 728-T736.

Hua C W, YuJ A, Xie F Z. Optimization of fermentation medium
for erythromycin production of Streptomyces erythreus by response
surface methodology [ J]. Chinese Journal of Biologicals, 2011,
24(6) ; 728-736.

WAL, 5 B, PMRELL, . AHEBMARELR T 240
(1] PEAER 2 ( HARRIART) L 2000, 30(1) : 43-44.

Fan D D, Dang Z, Sun X H, et al. The experimental study on
technical and engineering parameters during shake flask fermenta-
tion for erythromycin production[ J]. Journal of Northwest A & F
University ( Natural Science Edition) , 2000, 30(1) ; 43-44.
Thompson D D. Response surface experimentation[ J]. Food
Processing Preservation, 1982, 6(3): 155-188.

Minas W. Production of erythrornycin with Saccharopolyspora
erythaea, in: Bartedo, J. L. (Eds.) [ M]. Microbial Process and
Products. Hnmana Process Inc., Totowa, NJ, 2005: 65-90.
wAE, TRUL. M2 S WA %R &S WG EgE
[J]. M52, 2009, 11(4) : 35-36.

Meng X X, Gong F S. Breeding of erythromycin high—yielding
Saccharopolyspora erythraea strain[ J]. Food and Drug, 2009, 11

(4) . 35-36.



pE 25 4R35 2018 4F 4 AR 52 4555 4 1Y)

Chinese Journal of Veterinary Drug - 45 -

[11]

[12]

[13]

B Je, wk T, BRSCH, S AL S —B T IRE S AL
R RIS ]. AR HOR, 2011, 45(7) .
780-784.

Yu L, Zhang Y, Gong W J,et al. Screening of erythromycin high—
yielding strain by compound mutation of LiCl, UV and ion beam[J].
Atomic Energy Science and Technology,2011,45(7) :780-784.
ARKm, RDR, To5 AHREFE 1-25 WRIVEHED
FELI). hEbTAE Ak, 1989, 14(3) : 187-191.

Zou M Y, Zhu W M, Yu X Q. Cultural characteridtic studies
and selection of high erythromycin producing mutant of Streptomyces
erythreus 1=25[J]. Chinese Journal of Antibiotics, 1989, 14
(3): 187-191.

EREE, NEHE, BER, FOERKEYAE N ER
KEEEFRIEITEL )] P EES TALAE, 2003, 34(4):
167-169.

Wang X L, Liu J Z, Liao Z Z, et al. Maize meal hydrolysate as

culture medium for erythromycin fermentation [ J ]. Chinese

[14]

[15]

[16]

Journal of Pharmaceuticals, 2003, 34(4) . 167-169.

R, X . LR R A SRS (1], PR
FIkk, 2006, 31(7) : 406-416.

Zhang J G, Liu X. A Research on the improvement of medium
composition for erythromycin fermentation[ J]. Chinese Journal of
Antibiotics, 2006, 31(7) : 406-416.

Zou X, Hang H I, Chu J, et al. Oxygen uptake rate optirnization
with nitrogen regulation for erythromycin production and scale—up
from 50 L to 372 m® scale[ J]. Bioresource Technology, 2009,
100(13) ; 1406—-1412.

EI-Enshasy H A, Mohamed N A, Farid M A, et al. Improvement
of erythromycin production by Saccharopolyspora erythraea in
molasses based medium through cultivator medium optimization

[J]. Bioresource Technology, 2008, 99(10) ; 4263-4268.

(4 8] FXF)



