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B EIFFIARTEERFNEEREA LEA T2 GR TR LA Z, X TRAELABRAE
P B FHRAXABMINMRTEZLAH L LOAARY . (BRI AR TEZTLAMLIL, 5
W FEELBBMN BT G5 7. [ R VW T E & A7 ¥ Z BAF T4 6932 A At 2 & = AT
TR BRI, [ER] EZSA FHIZAATHIE. . 2R, Zapbhfmmak
B R 64.0. 5.0. 15.0. 145 42 3.5 g/L, ZBAr FHEM & H 25%A ZBA FHAFFHEH 60 h
RAEN T, MTEEWRL BN GEA 7 883 U/mL, WA HMIES T 10%. [24] ik
TEEA T ZBA TR ALSKAAITAE, MTRAATHRTEELABIY, BT ABAM, A
AT EE LB L LRAET #785%.
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Optimization of fermentation process of the third-stage seed
fermenter in lincomycin production

XIE Ting LIU Shou-Qiang" ZHANG Hong-Zhou LIU Jian-Guo XIE Shu-Qin
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Abstract: [Background] Lincomycin is a lincomamide antibiotic that plays an important role in clinical
application, few studies can be found on regulating the parameters of third-stage seed fermenter to
optimize the lincomycin fermentation process. [Objective] The fermentation process of lincomycin was
optimized in order to improve the fermentation titer and market competitiveness. [Methods] The medium
and inoculation amount of the third-stage seed fermenter and the transplanting age of third-stage seeds in
lincomycin production were optimized. [Results] The concentrations of glucose, starch, corn pulp,
soybean meal and ammonium sulfate in the third-stage seed fermenter’s medium were 64.0, 5.0, 15.0, 14.5
and 3.5 g/L, respectively. The inoculation amount of third-stage seed fermenter and the transplanting age
of third-stage seeds were 25% and 60 h, respectively. Under the optimized conditions, the fourth-stage
fermenter’s titer of lincomycin was up to 7 883 U/mL, which was 10% higher than that of the before
optimization. [Conclusion] Regulating the parameters of third-stage seed fermenter in lincomycin
production, the fermentation process was preliminary optimized and the fermentation titer was improved.
It provides a new idea for optimization of lincomycin fermentation process.
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Figure 1 Chemical structure of lincomycin
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FTERN MR EE . FLRIE(EKRIK . BT PR A
178579 07 (33 N B 2 e e s L g E A L]
1 X5 MR AT B 28 R AT B2, R R A 7 i
2, DUWRBER s pRa] 2 2 1Y L RN A
1 #e58%

1.1 ##
1.1.1 &

MG HE R H (Streptomyces lincolnensis), TH PR
5 Js1918-37F;, HRIT 2l A PR ml4eiE
1.1.2 EFE

TRFFRERE SR (/L) TERY 9.7, BGDH
14.3, #i%HE 38.0, T KWK 13.3, (NH4),S0, 4.0,
NaNO; 6.3, KH,PO, 0.3, CaCO; 7.5, NaCl 7.1,
NaOH 1.0, NH4NO; 4.0, 7 0.4 mL, AHLEEN
%1 0.6 mL, pH Jy 7.0,

RPN (g/L): VER 5.0, BEDH
13.5, #i%HE 63.0, FOKIK 15.0, (NH4),SO4 4.5,
NaNO; 5.0, KH,PO, 0.3, CaCOs; 8.0, NaCl 8.8,
NaOH 1.0, NH;NOs 4.5, i 0.4 mL, A HLEEEH
#103mL, pHH 7.0,

RHAE R EE | WARRE SR | — R R R
PULR R T RERS R L . Bkl R LR AL S, SR
E = GINRI[WiE
1.1.3 FERFIFLE

HENE, W R TIF R R R AR £
KI, WREFWARTHEA A ek, WEE
AW TR AR A E]; EEU, WRPEEE
WIBARA BRI F]  Biesi , B RE A A R AR

FREETE, JEamaanidss) s rhRUE T KRR,
IWAHT R F At s SR B0, Rl
BLEART s — R FRECERMAT 1.5 m®), 4
T F-HECGERERTR 20 m®) . =4 Fh T HECLRHA T
70 m’)FIPUZL GERIATR 100 m®) Kk BERE, IRl
TRRGSARAR; B, B RRBEHER
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Table 1 Key points of fermentation process
R IERERE Rt FEIRRE iR Tl pH
Fermentation type Inoculation amount (%) Culture temperature (°C)  Culture time (h) Transplanting pH
First-stage seed fermenter 0.10 30 40-50 7.0-7.4
Second-stage seed fermenter 10-15 30 20-50 7.0-7.4
Third-stage seed fermenter 15-30 30 45-70 7.0-7.4
Fourth-stage fermenter 30-50 30 150-180
BN W 5N 62.0, 63.0, 64.0 F1 65.0 g/L K JEH)

1.2 At
12.1 #HABELXBIZHEY

(1) PRATERWER T NNR kR, HTZ
AR

Fift -k T — - —— G Fh Bl — R+
T — =GPl — DU R T

(2) MRATEE R A T2

FhFREG IR BARHA IR B 1 om® 224
FI TR, R T2 45 100 mL 75535 5549 1 000 mL
=M, 30 °C. 220 r/min K55E 40-50 h, $ERhF]
— G FhFHE, pH N 7.0-7.4,

— G TGN =R K IO TR RE AR
AW 1,

TR, — R RERE IR KRR AR 2
1 m’, EREATRZ 1 m’; "R TRER SR K
JERBIL) 9 m’, BERE AL 10 m’; = gFh T
B R IER G IATRL 40 m®, MG IAFRZY 50 m?;
PO 2 K RS 7 3 K TR ARRZ) 20 m’, R 1A
L 50 m®, W —A =M TR R Rh T
M 60m’, B PULFER 30 mP,

UG & IERERMEL: 30 h 54 8 h #b—1Kk, FEIK
1-3m’s A BER0E ZHHE, B REHAR IR
JEOBEEEHRITE 0.2%—1.8%, pH {EHFEHITE 6.4-7.0,
122 EFFHZE

(1) =gprHEREFR IR AL

=GR R % R v R A R UE R R AR T
HRKREEM TR, X FH I A Ak, L
P B35 F5% e P B U R DS R B o T el B A ) A

7

WRESY R 4.0, 5.0, 6.0 Al 7.0 g/L 15FA A 4]
75 W RN 8 K93 Tk EE A5 T 1 = e R 5% 7 R 6
VUZR K BERN s, v DU = R - 35 37
SRR, B R R R S R Y 1
W o

() —YFhFRER TR R

I IE SR Ak = SRl T BB e e vh £
RIG(CERH . G Y RIBRR ), KA 3 W&
3 K- 2)IEASIRIRF Lo3h)i i Se i . @t 1k
A8 = R 05 3 R v RS [k B 4 % D 2%
RE SN, LA =R RERT RN R,
W = P FRERT R P BRI AR

(3) =T HERA N

FRPE AR AT B 28 & 1 T 25 2ok R H — R T
B SEFR AT BEALFP I, SR A B e 25 0 = ZFh 1
B, %5 15% BRI K HRRRIL 425 m®,
FGRFIZ) 50 m?). 20% (35553 K G AR
40 m’, ERUEATRZ) 50 m®), 25% (GFRHEK T
AT 37.5 m’, BRI AFIZ) 50 m)Fl 30% (5555
FKFIEAFRZ 35 m®, RS IATRZ) 50 m®)iff

x2 FWMERRKFERE

Table 2 Influencing factors and level value

KA S

Level Factor
A FKH B # G C Bl
Corn pulp Soybean Ammonium
(g/L) meal (g/L) sulfate (g/L)
14.0 12.5 3.5

2 15.0 13.5 4.5
16.0 14.5 5.5
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ST R TR R R B DU R RN s, DL
PR AR 20% X RE B = R RE ) 4%
it

(4) =GR MRS A 2

Pl o3 5 A 0P R AEAR KRR B b st R AN
Mk, BER =PRI 51R 40, 50,
60 1 70 h B VUL & BERCM s, DAAE =5 H
RGNS 50 h Xt IR, Horp, JEREEK T IARZY
37.5 m®, BERVGIRFRZ 50 m’. BE SRR
FERS R .
123 MEFHZE

(1) B g !

B 10 mL REEREIA 10 mL #.0E0E
2 500 r/min &.0 5 min, BCEFROEE, 121E A,
THE TR B B (RIPR TR, ASPFSE TR R
IR AR, IR AT
FH=(10-A)/10x100%.

(2) REEREH I

S BER AN B R R P R B i
D E AR AT B R ARG TR, U R, M) %
F P T BT S MR 4 0 i i AR T SR
IRFRN 1 pg 5T 1 U, BIARAT R R L RN
ME, pg/mL A U/mL, AHFFE AR5 R U
AR A U/mL

IR IE 2T, DU & TR Bl T 0 W (1) 3
KAcHERIG FRE, (2B N e —iEw
WREESRMET, VU R B M ¥ Bt A o A Wl B2 g 14
KA B MG TR S G I EEE: M
FIVER VR 4> 51K 64.0 /L #15.0 /L, BS54,
VUL K BERC M Bcima o 7 378 U/mL, Hexf BEZH A 35y
(7 156 U/mL)#& 5 T 222 U/mL,

Wz 4 Fr/s, iz Excel SR E 2000, 4
0=0.05 I}, AjAHERT VUG K BER AN B SE A AR A
o AR RIE, AR R R A
AERRUET RS IIRRIR, UK A R AL T 2 0%
FIRNF T, AR A W B o e S i AN 2 IR
Wit m, RTRER A T A s semE
SRR, R RARA KR T —E R, Y5
FEARZR AR T AR R, SERITEARRE N
PR KPR S I, BRI T X DU 9% 4 T sk
(A FEIR AN B I
22 =HMFEEFREPETERFENRML

FKRIESSIR I H 8T = Hpp iR 57 3 b &
BURIR (R . W S PR R IR 2 ) %o DU 9 R IR
Wrisem, DR VE R PER RS, 25 R0 5 FoR.

R3I FRIREBEFEIES M RIS
Table 3 Influence of different concentrations of glucose
and starch on titer (U/mL)

2 %%5 it Gk JEM Starch (g/L)
Glucose (g/L)
2.1 =R MFEEEFEPHRIFENMLL 4.0 5.0 6.0 7.0
HERT YT RERE R R (R A R A 620 7007 7037 7100 7090
WX UG R B R, LS E g sR, 0 e lse o wiE o wiks
. 64.0 7 198 7378 7207 7195
LN 3 FIEE 4 PR,
\ . L 650 7067 7300 7197 7117
K3 ATLIE . —Jpp R R S W] —
x4 WEZRFZESHH(0=0.05)
Table 4 Two factor analysis of variance (a=0.05)
WiE% Sl [P =S i) H ¥y F{H P{A F Il AHE
Source of variance SS DF MS F value P value F crit-value
Glucose 70 804.50 3 23 601.50 7.00 0.01 3.86
Starch 34 245.50 3 11415.17 3.39 0.07 3.86
Error 30 346 9 3371.78
Sum total 135 396 15
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Table S Results and analysis of orthogonal experiments for nitrogen sources optimization

NI A A FKI B # 2K C TRtk L]y
Experiment No. Corn pulp (g/L) Soybean meal (g/L) Ammonium sulfate (g/L)  Titer (U/mL)
1 14.0 12.5 3.5 7277
2 14.0 13.5 4.5 7304
3 14.0 14.5 5.5 7186
4 15.0 12.5 4.5 7339
5 15.0 13.5 5.5 7417
6 15.0 14.5 3.5 7511
7 16.0 12.5 5.5 7325
8 16.0 13.5 3.5 7363
9 16.0 14.5 4.5 7421
K 21767 21941 22 209

K 22267 22 084 22 064

K 22 109 22 118 21928

Ky 7256 7314 7403

K’ 7422 7361 7355

K 7370 7373 7309

R 167 59 94

M2 5 AT, SRR ZE TR R, —HFhT
T s 7 2 = B RGN U ) e TR A5 AN A R i) Sy oK
W E>E S0, BAEAB RN ABiC,
RISEEG 6, LAl IOKIK . 8 SRR R dik
JEAY Ik 15.0, 14.5 F13.5 g/L, TEMEMET %k
B35l 7 511 U/mL,  HEXFBRAGSH (7 370 U/mL)
$EE T 141 U/mL. 3 R H BRI T & BEAL
Wi B, R ERKE—FIRES GG

A

—=— Inoculation amount 15% —o—Inoculation amount 20%
gz— Inoculation amount 25% —a—Inoculation amount 30%
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44+
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JEEXF PUZ A I 5 FR 52T AN S
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Figure 2 Influence of inoculation amount on lincomycin fermentation

TE: A FRREX =R T RERTVR AN s B SR X PO ZUR BN (1 20

Note: A: Influence of inoculation amount on concentration of cells of third-stage seed fermenter; B: Influence of inoculation amount on titer

of fourth-stage fermenter.
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H L 2A WAL, = ORh - B Uk (B AR 43
SRR R R A B AE R T, LRGSR i
PTG R L 30%)5 ABRAL), 7E 52 h 247 K E
Fa, Hoh iRl 25% I BRI ik 50%, H
X BE (A 20%) 0 T 9%, R A 15%F01 30%
B A TR R 0 301 EE T BRFEAIR AR 55 T 5% 4% A
2B AJAL, VU K TR bl — b RS i 1
ISt EE TR, HERE R 25%E R i R A
7705 U/mL, HXFBE(7 503 U/mL)#EE T 202 U/mL,
TR R 15% 01 30% ] BT I 5% BEL AT L
PR IS IR B AR A, PR R mT
AEFHEOR 22 B . W AU, iE TR
VU R BRI o =P FREGIE A, AU
DI =R R BRI TR, DR AL
R, A RTLASR S AL . 46 TR IS N
W, EER kR, i, =R
K 25%K Hefd:

24 Z=FHMFHMEEBHE

5% = L Rh T RSP B I X DU R K RN 1 R
M, 25U 3 iR

& 3 AT, UGCR BN B — B FRE PR
WA S S R, AR 60 h BFAIRLT
Bk 7 883 U/mL, FEXTRE(50 h B4/ 7 700 U/mL)
PEE T 183 U/mL, TAFIEEEE 7 40 h F1 70 h B
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Figure 3 Influence of transplanting ages on fermentation
titer of lincomycin

BN TR, FTUL, B RS R RIS Y 1S 0 7 22
S B CRELH: . iR, (EJ TR e R 20 TR
22 Wb Sg R TR . B A R RN
WA AT Ay DU 28 e At s o s i b, i mT LA
ARJE PRSI, EmEE R UgOR B, R,
SHAFREREEE R 60 h B A
3 ik

FEMRTT B 3 K 1 2 AR, il o A =
ZRFTREA SR TR, 158 TR &
T2, BI =R Fh T8 77 35 b 0 5 - A 28 AT e
431 64.0 /L F1 5.0 /L, FEARIE-T AN | &
YR AR R R L 30 150, 14.5 F13.5 g/L,
SRAFREERN RN 25% M = R R A IR K
60 h, FEULILALSEAE T, PRATEE 2R DU R B e
ik 7883 U/mL, HARALRT AR MR T 10%.

5% 25 SR e W K 3% SLC 5 B b —F I it bk AT
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