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# FE. aof % (erythromycin) 2 HELEWE S HE (Saccharopolyspora erythraea) K B % =
RBRB W, HAEFKFRRNZEELLO R, LXREREMY R, HRraFEL#L
F2AX K AL, AR KA BT 18] 7 $0k Aot BOAAR A% (computational fluid dynamics, CFD) £k{A 4%
WIRIEARLE S0 7 R T S00 M’ AN FEFHREAL AR L R, &k, Bzt S0L ALK

BUFZRABIEART, LIEARZXAERH R Z, @A #1% % (oxygen uptake rate, OUR)
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Rational design of a 500 m’ fermenter for erythromycin
production by Saccharopolyspora erythraea

TAN Xin"?, LI Chao', GUO Meijin'

1 State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai
200237, China
2 Shanghai Jianqi Biotechnology Co. Ltd., Shanghai 201400, China

Abstract: Erythromycin is a macrolide antibiotic produced by Saccharopolyspora erythraea. Its yield
is greatly affected by the fermentation conditions and the bioreactor configurations. In this study, a
novel scale-up method for erythromycin fermentation was developed based on computational fluid
dynamics (CFD) and time constant analysis. Firstly, the dissolved oxygen (DO) was determined as a key
parameter according to the physiological properties of S. erythraea cultivated in a 50 L bioreactor. It
was found that the time constant of oxygen supply (4, in a 500 m® bioreactor should be less than 6.25 s
in order to satisfy the organism’s oxygen uptake rate (OUR). Subsequently, a 500 m® bioreactor was
designed using the time constant method combined with empirical correlations. The impeller
combination with one BDT8 impeller at bottom and two MSX4 impellers at upper part was determined,
and then validated by numerical simulation. The results indicated that the #,, of the bioreactor (<6.25 s)
and the fluid properties, including gas hold-up, shear stress and fluid vector, met the requirements of
erythromycin fermentation. Finally, the industrial production of erythromycin in the 500 m’ showed the

design method was applicable in large scale fermentation.

Keywords: erythromycin fermentation; stirred tank bioreactor; computational fluid dynamics; oxygen
uptake rate; time constant analysis

LA e ik REALBBF 52 SRy Bt (R 5 Ty i,
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BT AL K I8 T A I RO S B g e
KSR EEANEZ —, AR E AR

S BAE T ORI N #R A5 R A o TR DR ) 2
fH R 1Y Tl RSS2 1 i I M 55 S B /)
RS S i 1) A R P B A DR — 3, |
SRAEARL Y G W) e IR S BRI, e o) o A I8
VI S8 7/ K7 95 A TR 7 K O = N 1 9
B BOR 7 A 2 TS TR A 58 P iRk
AT AR BRI 5 R S R AR 25 B O T %
SRR X T AR g AR AR A ) I 5
TSHORRE Z4PE, HETHOR T Al SR XELL 4
T L TR 80K

s 1) #4092 (time constant method) J&—#f
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Gi R R PR | AL BRI L 38 S i A R R
A RS, A A R A R R R o B
W I R TR e A S S MR AT K I8
A ICBE DN R AT ST, SRJG BEAT TROR B2 L A B B
wit, mJE#d AR A J1%%  (computational
fluid dynamics, CFD) M Jy 3 % B4 % 11 19
B R AT VERE DR AL, LA S SR 08 S g
i 7 BRI RN . AR SCLALL M 22 i TR
(Saccharopolyspora erythraea) K455 E I
TR R FEXT G, SR FH B Ak iy Bsf [i) 3 45025 15
T 500 m® Tl R 2R R B, JEHEAT IR
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B, WFFEAE R AT A e Tl MR S I s ) i
THE BRI IT ik 5 SR

1 #H57%

1.1 EEEM

W ZLEMEZ MR (S. erythraea) E3, H
E R A TREARYI T L (B RAF
1.2 EHFHE

— PP TRIFRIE (g/L): TKIEH 20, H
K 20, HIEHE 10, FoKRHK 6, Bl 2, #Afk
By 5, BRERES 3, Tl 11, WIF 0.1, ARk
U pH £ 7.0, 121 ‘CKE 30 min,

RWERFRAE (g/L): BoKIEH 50, #EGHf
K33, FOKIK 22, BRMREL 2, SFALEA 2, BRIR
BE 6, Wi 6, THIH 0.2, AW pH =
7.0, 121 CK A 30 min,

1.3 %8hH*

50 L 525 UBTES 3Rk T — S0 1 & I B 57
Jrids, msh A P FEA 50 mL TG K, &
TArA AT, Bl AR R 30 L — 913
Fedbrh, B3 220 r/min, JREK 34 C, i
62 h J5 5 FR 15% M FERh 42 2] 50 L A& e
B3t 168 h, IR 34 C. KSR EL s
WEE . . pH {H . W% (dissolved oxygen,
DO). A JHFEHE R (oxygen uptake rate, OUR)
FSHR M, BN ERERE . SR, J5
A ERM . AFE AHANFESE, i
i il 23 AU P AR A R R AR R
T 25%. &FR 12 h BUEER I E R (packed
mycelium volume, PMV) ., ZJE%( . %k fF
AN ESHL

AT (pH RS 547
30% i 2 BEIC TR WL, AR AN T 25 #E b
#MnEskE], Z4ERE pH 7E 7.0 A4, KB40 h )5
Hi pH A S 15 A A 42 il b o o
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St X SIlTELL s R KL R
YE B IR A AT, AR K W ot e v &) A
T, RIS R R AR R 1.0%-2.5%

IENEERTAR R M X IENBE LR KR
Wik AR P AR S BRI HT AR, TEREAS R e FE
SYERAMIN, ADoK VR AR AR Y
1.0%-2.0%,

oW K AR AN 5 =X AR Y87 2,
YEF5 53l 1Y R TR ARG B AR
14 SKWREFRASFAE

K BEME . FUS-30 L-50 L B R BEdE (i
o A ik TR A FRA ), HATEZ pH.
DO. . ¥, =S hih . Mk, FRE . 4b
B OUR, AL BEI# 2 (carbon-dioxide
evolution rate, CER) . I W 4§ (respiratory
entropy, RQ) %52 A £ A5l ;

K F IR0 0k X 20 B R A 2 a5 i AT DU
FE PV, RO S A4y (R OB B R A
Agilent1100 Series (‘ZHEEAF), O3%F: .
Hypersil BDS C;g 5 um (250 mmx4.6 mm), i3/
FH: 0.025 mol/L BRI ZE iAW © L=
60 : 40, M : 1.0 mL/min, MK .
215 nm, A 35°C, KMEE: 50 min);

FIFHHAZ{L (DV-11+ Pro, Brookfield) X
R R S R R AT 5E
1.5 BHEE S HE

AR SIS ) B A 1 e X e R et
i b AR BRI 2 B0 R AR I TB) 5 R A Y TR
B AR BUEFRHERS ], 7E Tl oK UGS QR4
IR FRACI 2 A A I 8] B /N T SO
AFRE O AR ST 1), 0] 338 BH B 7 e AN BE TG 2 % 18
oK, FEOLCRAGEIR S HbRa kM, %R
KEELETHR i BB i A AL B 3 # (oxygen
transfer rate, OTR) &2 RN K —, Kk, 7F
500 m?f BT, R R
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&R . ERCR R, 25 S g ik 45 7>
OB s [ 8 B8 AR A 3B ) ) B (1) 59 OCBEE Y
R T o A < AR 7R > O B B (1] B3-S T AR I (]
HEL (toe) ZMIPYEER:

t =1/ka (1)

t,. =co,*/ro, 2)

Hi, ka WIEBREERAE 7).,
cory AR M (mmol/L), ro, A IHAEHE
F (mmol/L). WG 50 L K EEHE/INMKAFFTAH]
KPR OUR (E AJTHE T L aR i ] 5 4%
TERLR BT, B S0 # <<t 25 7 B[] &5 4%
JINTE R T AR I (B RRAE 204 BRI 2 S 1
i NP AERY R BS < TH AR LB ()RR S E
INTFAR A BTIE] fme, A BEAH SN 25 P AT B S 1Y

SAMREERR B 25 5. R R DL R 2K
L <o 3)
t <t 4)

1.6 AEZELABRRTHEENARSHT
T VR I I A R R s N A R i T B
R EN R R, X 50 L g x4
KRR A R AT T 5T o SCHR B ik
w2 )Em AR AR, X AR, H
Ostwald-de Waele #&7 R] 227 F W4k 5 80 4]
R AP,
n,=Kxy"" (5)
Hop KB RE (N-S"m?),y AEFHR
(s, n NTSFEERE AL
1.7 RNSHEERKRITAE
1.7.1 RHEER BRI T
KA R N A, AR AT,
PEREDI R LR AR
P=N,pN°D’ (6)
Hrp P ORHEE SR T RIBFEYIR (kW);
N, W TN RUER, ph kB E
(kgm?); N RHEFEEEHE (s71); D MPEHE EZ

&B: 010-64807509

(m), AKX N, 5RAMANEF B &S HAOC,
Holland Fl Bragg il i3 08, AES LM T
ot 2 G ) ) R AEECT DL OCHR A
N, =CRe“Fr® (7
nAH G G G ATRERNFRE; TRl
ST PRI SR, WIS
WEEL (Flo) MIBEEE (Fr) S,

P,/ P=CFISFre (8)
Fl, =Q,/ND’ 9)
Fr=N’D/g (10)

Hr P HBSERBFEIE, . G, G
HIEENERE, Oc HB P (m¥/s). R
SE BRI BRI B A 2 850 2 A S
IR N BT WEE e I S BB R W =E 5 )]
n] D LI B BUE D (Py):

P,=PB,/n (11)

Horp Py LR (kW), AR T
1.7.2 RESFFSHFHREE (OTR) Bgit5S
&

TR PR AR R, UZEPIXN ke 1OFER
AL 3 S R Hode K OUR #EAT7 11, AR e S A% i
BRI, TEdUFR A

OUR =OTR =k a(C" - C) (12)

Ho O — 2 IR BT A VI T 0 SRk

[ O SR/ 75 W= R/ WS
DO; =468/ (31.6+T) (13)
SRR, AERRIE ST ol 265
DO; =P/ P,x468/(31.6+T) (14)

Hrp P OBSBRTHET), Py W RAE; C
R RAIRIE, 76 C PSRRI A AL, B, H
e K OUR s 4 {1 B et oy () S8 8500, T A B 1
ZE TS R K ka (H

W ORI R ka5 2055 I N 2% B B4
R AT | S SR W) R T T O A
AR, H AT A0
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kpa =C\(Ps 1 V)CVsCoptg (15)

Ho Po/v il SRS FHERE RGeS 14
AR AR (KW/m?), Vs k3 WS
WA, p R BRI RIEE (Pars) (W T 4%
R TR A 2 00 AR A T AR U AR R T 5 2
WHTFBIEITRE), C. G, C;. C, A LENR
£, AUE M ERE D) AT A B SN A% A
FRAAfG 0 R
1.7.3 RAREMITE

SN TR A B[R] (mixing time) 5 50
AR SE R FNHRAE T 00 R BEAH G, AR T IR
IO 24 P TR A ESF () AT FH G R Sk QR A,

Xt A A 3 0

tos = Cy(Ps 1 V)57 (16)
X AR R I A
tys = Cy(Py 1 V)Copty > (17)

ta NERLEEE (Pass), =Ko, yerr 42
BRBTYIRGE.,

W3 Metzner and Otto FY 77 P31 .
verr=KsN, M348 L1585 2 & WA It 28 e Pk i i 5 285
J, AR K B R TR

2 IR S0 2 W AR B AN [R) 465 B 1 2
A KM RS W 2L B AT
B HR RN 2 N R A S T
1.8 CFD #H#AERITEERY

K A RS w8 L) CFD AU ff A5
177 2 O IR 35 3 0 T B A I R g AT
BAE BT . Tl LB 500 m> 2 o7 4 A 25 o
410 m®, BRI R 100 r/min, AT
S VR Y 8 AR 1.3 L/min, WA %) 43 %
I ANYSYS /& ® JF & ) ANSYS ICEM
CFD15.0 % fF, FaMmEEMAE, AT HRIE
KE AR TC S, RIS R, S EU
¥ B RN ST 100 mm, 32 - X8 1P 38488/
B 25 K0 R T A I 2%, L A% B2 400 7
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K F ANSYS CFX 15.0 @B FR MR, <A
FR A0 R A T, R I T <
P R i AR, LA R H S
FE RETHI 1 A 55 o SR R R AE 96 A% M IR 55
#% (Sugon Co., Ltd.) 47, THE R MUK
SFRE R TR 2Z /N T 1x107,  H 2 471 %6 F i
S RBRRE

2 BERXR504

21 AEZABIEXENEBELNRE

DO B4 H R AR KN S Z —,
1E 50 L & e F k% 347K (001.002.003) 75
P21 85 R LWt 72 OUR A 40-46 mmol/(L-h),
53— (B )M, REKFEIER . b T
— A 2 AR A R I A ORI ST AL
BRATHTRm, VO AR RE R
R, B REESFEN DO F KR 7 5 N
10%. 15%. 25% =K T 55, Kk
R 3 BIEAE R IR 1,

s 1 XUAESR (DO) SHIRMLAER A
4 (BERY-A) RIEAMI, M54 ERY-B 4
SrRAASE, RIBAER A EYA SR
A A AT ERY-C M4, B FT
ERY-C 4143 fE ERY-A J5 [m#% 4L A FF ERY-A
B o DT 04 A B2 R 2 AT LG o 42 e
A (DO) 3@k ERY-C [i] ERY-A #5410t
%S B L2 A ERY-A, HILIR &k E &
ERY-A 41537 K EEW AR 2 . AELL R R
KRITZAR, RBAR R AR Ak B 7 5
fE 25%5 LA | .

TESL bR A, AR A —E sk,
ZEHEA (DO) X TUBRERMECHSH,
PR BT o o RAEOR 2 150 mmol/(L-h)
JpJEN), B OTR 752K F 150 mmol/(L-h), 4T
T E KRB FRIRE 32 °C, JE710.05 MPa, i1
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ETHEMT ¢=0.051 9 mg/L (0.345 4 mmol/L);
AR FACEAE 25%, fRALAZ (1) K (2) 7]
THE Hh 2185 28 R W X & S A 3o B SR I I ()
BOERTHFERS T R A, TR R LR 2,

PN R T EI R FAR S a2 R R N
FREAG 3 B8 ka>0.16 871, B4R A% 33 i) A] 3
B t<6.25 s A M IHFERT [A] 5 HCh 8.29 s,
UL AE 500 m> KA iy s i) Tl # v, @
PR A A AL 3 B [0) AR £00<6.25 s, ATRERIIE
YL R R I R OGN R AL % (OTR)
) e L

22 ABZABGHERYR R

50 L S #i b 2185 3 R B ) 4 i R 26
FEDE A SR W3 30 PN [R] Sz T it 0] i () 21 5
F R B EE 5 U1 AR R AT — o4 [l I
A, BRIE 4,

4 BREE T OHR SRS TIES
TR, LR S 5y U3 2 SRR BOR H G
Z, ATLHAR =K kR, K BME N
2.687 N-S™m”; HIshFEEARE n<l, 7£0.1-0.5
ZIa, BEHN 0302 1, X5 CHkRIE L5
FR BRI EGIE ] 0.2-0.6 FEA—3P,

2.00

201

OUR (mmol/(L-h))

—e— OUR (001) —&— OUR (002)
—m— OUR (003) ——RQ (001) 1!-80
——RQ (003) {1.60

11.40
11.20
11.00
10.80
10.60
10.40
10.20
0.00

RQ

3 11 19 27 35 43 51 59 67 75 83 91 99 107 115123 131139 147 155

Time (h)

El1 ZFH%AEZIZ OUR 1 RQ Bk
Figure 1

#1 AR DO (RIKE) FHTABRIMKAS

Time course of OUR and RQ during entire erythromycin fermentation process.

Table 1 Erythromycin components produced by S. erythraea grown at different DO levels
Lowest DO (%) Titer (ng/mL) Erythromycin A (ug/mL) Erythromycin B (ng/mL) Erythromycin C (ng/mL)
25 9 605+£70 7 072+20 235+15 675+31
15 9 355+£73 6 819+£28 234412 385+25
10 7 929+60 5601£23 388+18 195+15

R2 ABFRABIZERGEFEMNEELMEFERMANEDEHHHE

Table 2 Key parameters of erythromycin fermentation

Maximum OUR Critical DO Volumetric oxygen Saturated dissolved Oxygen consumption Oxygen transfer

(mmol/(L-h)) (%) transfer rate oxygen concentration  time constant (#,., s) time constant
(kra, s ™) (co,*, mmol/L) ()]

150 25 0.16 0.345 4 8.29 6.25

&B: 010-64807509
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R3 UBERABBHENTELS
Table 3  Viscosity of erythromycin broth

Shearrate 30 h 38h 80 h 88 h 103 108 115 139

s (Pa-s) (Pa-s) (Pa-s) (Pa-s) (Pa-s) (Pas) (Pa-s) (Pa-s)
3.40 1.163 75 1.505 68 1.283 73 1.481 68 1.343 71 1.313 72 1.965 79 0.884 81
6.80 0.689 85 0.859 32 0.734 84 0.796 33 0.734 84 0.745 34 0.569 88 0.485 90

10.20 0.533 89 0.657 86 0.554 88 0.579 88 0.544 88 0.562 88 0.438 91 0.372 92

13.60 0.464 15 0.550 38 0.465 65 0.470 15 0.468 20 0.467 15 0.367 42 0.319 43

17.00 0.402 51 0.476 30 0.409 11 0.398 91 0.399 30 0.399 51 0.322 13 0.284 94

*4 ABRRBRAEZYQRANFIEERNOUE

Table 4 Fitted values of broth consistency index and flow behavior index

Time (h) K (N-S"m?) n Fitting function R? Average of K Average of n
(N-S™m™)

30 25183 0.345 1 7,=2.518 3 xy 06549 0.994 0

38 3.502 2 0.2879 7,=3.502 2xy 07121 0.996 0

80 2.984 4 0.287 4 7,=2.984 4xy 07126 0.995 3

88 3.9200 0.185 4 7,=3.920 0xy *8146 0.997 6

103 3.240 7 02504  5,=3.240 Txy 0746 0.992 6 2.6870 0.3021

108 3.160 7 0.263 9 72=3.160 7xy 07361 0.997 4

115 2.1752 0.317 8 7=2.175 2%y 06822 0.996 9

139 1.998 7 0.294 9 7=1.998 7xy 07051 0.987 1

2.3 500 m’ R AE
231 RNBEARTIESHRIERE

H1 T 500 m® S ARG K, S i AR T
KA EWE R, RNk B R &AL
(H/D) A ) T 14 Jin i R 5if 458 w25 W PN 3% SR K F
FVE M BRI . PR, BT N At B H/D=
2.25:1, BINAR 6.4 m, EfEE 144 m, K
R R g — MR I A R, AR B PR AE

B LR e AR, R A AR R
DX Bz bRk, i T 2 i A AR E Ao
F DX IAEAR M B A8, i TR FE 24k, 5 g
KIS NIRGHECR, BRH 3 2S04 2
PR AG
XFENER (), —BSHEEER (D)
ZI KRN dD=1/3, % &3 &K K%K E
H 60%—80%, Bl [ N N AW A 319.2—-

S B UL o 425.6 m’, WURWRE BRI, HIRRE
232 RMERRHEILIT fare o 12.2 m, HOERER/MAETTR, RRE

TE BT B A 32 255 08 O A 1 1 S
RARCR . e R dem Bt R, AR
et B 8 2R U SE e S e R, B
PRI, BROGE B HfE R IJZ AR MR
8 MLt A, HA BRI AR 1 HE R Sy
BLAETT o SR LN AXFRES Bt , Limayet
R TR AR b, B HEAR BT R AU

http://journals.im.ac.cn/cjben

fal e BE A 8.81 my, T0TJZ2 408 1 I 3 3 1 1 B 5
(S1), SI1/D Fe/MAMH AMET 1.0, TEZEHHE
P — BT EHAR (d) B 0.2-0.5 f5AEH,
H G AT DUB 2 25 22 0 22 TRl A DB

[ AR B /N 56 6 WA 21 5 3% R T Ao A
FRIIEAKRT 2 kWim®, H#ZEHIRIE,
[vi] B 245 5 2 B8 R TR pd s ML e R A BR ), e e
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HIXE M 100 r/min,
233 WREMRMARFEIZIT

FE RT3 S A 1 IR AR 5
— PR NS SMEE N T, EEEN
U A8 U R S 4R AR T, A 4 A A A B A D
(AR SCAEIRTT) . R4 50 L /NGE S5 v] £5 3]
KT FE OUR MR, THE LML)
22 000 kJ/(m’-h), MRIEIZEIE, HEH 500 m®
RN AR G S8 . MR PE LA AR v A
M R GA G 7 8 SN % 25 1 2
B, NG AET Kl EmEE, #&it
WMTHH%E: 3 @it RZH 8 ik
B, 2L BJE A e, i
FEAZIF R IE N 1.81 d; 500 m® [ #4560 B 4L
e s fimR.

B BT RN 25 454 WLIE 2,

AR (6) FTLIAEH, BRI R
FEBE 25 7 T B AR, e E T
ENFEEC. C, G, HTERATE B
AU, DI ART B 456 1k CH 2% 3
R TERHATLAZE IR T 2 1) HBT+-2WHdA 22 141
A7 N 450 RO ) RS, 78 HBT+
2WHd 2415770 €,=0.196 0,C,=0.247 0.,
C=0.097 9, MIZBUEHF BT R TR
RUERL (N,) N 3.36,

WA T FRIEAX (D). 8).
9). (10) 5, RIFEBCERIETT T HBT+
2WHd M- G577 T AR5, €=0.5190,
C,=-0.1320, C3=—0.076 2,

WAFMNT ka HRIEARX (15) 1157, [F
FERCE ML )T % HBT+2WHA 22404507
R FHIGER R B, Cx10°=4.532. C,=0.500 .
C5=0.450, C,=—0.780,

A A5 By g 5 B Al B T 2
A IRA I R AL IR, HHESRILE 6.

&B: 010-64807509

K5 RNJREMSH

Table 5 Configuration of the 500 m’ bioreactor

Items

Designed scheme

Basic size (mm)
Internal diameter
Height of head
Bottom shape
Broth volume (m3 )
Shaft radius
Number of impellers
Upper impeller
Type

Diameter

Middle impeller
Type

Diameter

Bottom impeller
Type

Diameter

Air sparger

Type

Size

Impeller clearance

Distance between the bottom
impeller

and the tank bottom mm
Heat-exchange area (m?)

Numbers of each group coil
Diameter of coil

Numbers of coil group
Stirred speed (r/min)

Aeration rate (air flow rate/
broth volume, min")

6 400

1 600
Ellipse
319.2-425.6
0325%25

3

MSX (four blades)
92200

MSX (four blades)
92200

BDT (eight blades)
©2 200

Distribution ring
@456x1 500
1.81D

550

598.70
16

©76

20

100
1:1-1.3

ALEH, BT FEBEAEREERN
TR, kea KT 0.16 s, AL LI E] 4 4.6 s<
6.25s, YRHEAWE N 11 s,

B<: cjb@im.ac.cn
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balll

1600 1200

-

aem!
T
il
"t

17 450
R
I%I  §

== N

$325X25

4 000

=<

4 000

#2200

£
\

2 RFEFEELSTEMERITHRMEF[ER
L5

Figure 2  Designed bioreactor based on time
constant analysis.

2.4 500 m’ [z 7 g8i%it 5 A CFD 4= #1381E
FIR R AR S22 057 (CFD) X} Liki%
TH 500 m® & B FE (0 2018 A A% APk £ 7
THRERL, FRECT X B PS54 T 1Y i 4
PEIEAT TR, 255 0LE 3. Kl 4 K3k 7,
2.4.1 REIZF LD
MR O i R R = KRR, IR A
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xo6 FAZBRXBEATERITARTHIESH
Table 6 Engineering parameters calculated based
on empirical formula

Item Designed scheme
Vs (m/s) 0.207

Np 3.360

P (kW) without aeration 801

Pg (kW) with aeration 777

Po/V (kW/m?) 1.830

Zos5 (s) (calculated with data obtained 1"

from HBT+2WHd model)

kra (s 0.219

It (5) 4.600
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Sz,
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Figure 3  Contour plot of vector (A) and flow velocity (B).
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Figure 4 Contour plot of energy dissipation rates (A) and gas hold-up (B).
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Table 7 Engineering parameters calculated by CFD simulation

Item Designed scheme

Gas hold up 0.242

Energy dissipation rate TED (m%/s’) 2.720

P/V (kW/m®) Calculated by TED 2.720
Calculated by torque 2.260

Bubble size (mm) 32.000

a (m*/m®) 55.130

ky (m/h) 12.518

kia (s7h) 0.191 7

TED is the turbulent energy dissipation rate, which is used to evaluate the shear force.

90.0 100
—&— DO (50 L) —e— DO (500 000 L)
30.0 —8— DO (50001L) —— OUR(50L) 190
—— OUR(5000L) —=— OUR (500 000 L)
70.0 180
170
= 600
B 60
= 500 ~
£ 50 £
£ 400 o
= 40 =
2 30.0 %
20.0 20
10.0 | 110

0.0

8 16 24 32 40 48 56 64 72 80 89 97 105113 121129137 145 153 161
Time (h)
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Figure 5 Time course of OUR and RQ during entire fermentation process in different scale bioreactors.

R8 ARRNBMETALERIMRAS

Table 8 Erythromycin components produced by S. erythraea grown in different scale bioreactors

Scale (L) Titer (ug/mL) Erythromycin A (ug/mL) Erythromycin B (pg/mL)  Erythromycin C (ug/mL)
50 9538 7251 294 530
5000 9435 7189 285 512
500 000 9 505 7222 313 469
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