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Curdlan Production by a Two-stage Fermentation Process
with High Cell Density Cultivation
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(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China;
2. School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: A two — stage fermentation process was established based on the different oxygen
transfer demand during the curdlan fermentation. Firstly, high cell density culture was
performed in the inoculant fermenter. Secondly, inoculant cultures were diluted into the next
larger fermenter for curdlan production, in which glucose was fed as sole carbon source, The
results showed that the fermentation strategy could meet the oxygen and nutrients requirements
for cell growth and curdlan production. A yield of 66 g/L curdlan was achieved, higher 106 %
than that of batch fermentation. The specific production rate was improved by 20% and the
fermentation volume was reduced by 75% than those of batch fermentation. Meanwhile, the
power consumption was reduced obviously in the cell culture stage.
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PR R F W AT 88 (Alcaligenes faecalis
var myzxogene) TE IR PR % 44 F 4 B M 5h £
MR —FOKA B B-(1,3)-D-H R, RA WA
MR ERBPRAT ZEMMAY,

BRI TREREF=HAREEEPEE
FY B pH B2 %) A 5 B AR A R X
AR BEERE N, RERE—FRBMIE
AR, Lee F AR T4 S pH EHE
HMERAEYENBHBRABERS  EXETAY
AR EREHAKKE, BEHTHRERE
B, ALREAMPHRTRELRE M EEEP
¥ NHCIEM P ERBE LY R, ATk 2
BB B R F M NH,CL R E 2R
THENER, ABRPRENEE T, E0H
BRI & L.

MEYESHERRTRNERE. ERE IR
FrEANREEHIRHTREERBEERER
BEdBTHWEZNA . BEHTFABIEYSHEY
BFRERBY . EEMEVHARIERSEHES
BUAT APABr B AT 56 1 B B b T AP LI C/
NEFEGRAREHEEERBEY.F2HE
E_RRBHETRBHMEUR C/NMEREHE
HEREEFHREY SN FHHERFATBRHN,
REGREABEKABEEENSARGREATREY
FE XHRAEYEHEANBRSEREKHE
WAREFRFTR. RAEARRMEREBEP LHE
KWHBBRRAELY. - FEBBLOEERERREN
REAE TERBEBREERESBRPHNENY
HMGERHEE, AT ENERERERAZES
BEFRE . FEFIBEARTREENEN.

1 #M#H5F%

1.1

W E WX-C12 (Alcaligenes faecalis
var. myzogene), ML M K¥ 4L I BELEB X
"7
1.2 EHE
1.2.1 #&@%kk(@/L) WEE 0, BERF S,
3Ug 20,CaC0;10; pH 7. 0~7. 2,
1.2.2 BMAF3E5kE(g/L) RHER 20, B
10,KH, PO, 1. 74,MgSO, « 7H,0 0. 49; pH {& 7.0,
1.2.3 #MAMEAA(G/L) HHHE S, B
¥ 1,KH, PO, 2. 7, K, HPO, 1. 7,MgSO, « 7H,0 0. 54
A EERBBURRI B 1%, pH{E 7.0~7. 2,
1.2.4 o3 A8RRE(g/L) HEjk 80, BBH

2.0,NH, Cl 3.6, KH, PO, 2.0, MgSO, + 7H, O
0.5; LHLERBBERLE 1% ,pH H 7.0~7. 2,
1.2.5 A R%#k (g/L) FeCl; 1.0, MnCl,
1.0,NaCl 1.0,CaCl, 1.0 ,

1.2.6 MH-EABEeEREAK:

) FpFisEsEEe/L) . WEH 15, BG%
1.0,NH, Cl 0.5, KH, PO, 2.5, MgSO, + 7H, O
0.5, THLER A WA H¥ 0.3% ,pHIE 7. 0,

2) FpF AR - B E W 400 /L, EAKEBRS
H5%.

1.2.7 =—#Z &Mk xt WEE N BN
1.0,KH, PO, 0.5,MgS0, « 7H,0 0.5; EHlLk %k
AR 0.3%,pH 14 6. 0,

1.2.8 =gk spsilHa  H%EH 500 g/L.

1.3 XWHE

1.3.1 #Fih B-HELTFHAEHFEA
¥R FIEFHE 100 mL § 500 mL BI=FHMP,30
‘C. 200 r/min K% 18 h,

1.3.2 o#isr HB500mL EMFR.BEAR
B8 LA#HARBEIEIFEMN 15 L & & B # (Bioen-
geering NLE) #1, R BRI BE by 30 C, B #HEN
600 r/min, KW EX 1.5 L/(L » min),f#E 1.5
X 10° Pa, @ & 3 mol/L NaOH ¥ pH &
7.0,NH,Cl {4 #45 5 Bt , i 3 mol/L HCl i pH
E5.6 HEF¥FEE.

1.3.3 AHERAEE: FHRBAEHRELEIL
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Fig. 1 Schematic of the two-stage system for curdlan

fermentation
P RBEAY % 100 mL — R FH.BEA
A L7 LA FHEEREN 3L K KEE (Bioen-
geering KLE)H , R BHR X 30 C, ¥ BB A&



£5#

LIiGFATHERRROAGBRAHBERLFRRBROFL 41

% 400 r/min, SEF B R 1.5 L/(L * min), #JE

1.5X10° Pa, EAK(RBO A HMER pHMEE

7.0, ¥DOEAE LA, EREHEHFLER, B

0 T R, 2 B R B o R ok

s E i DO EARE 105 L,
CHRRBEREEG - BE IR TARE

ABE —EREEEFEN 25 L — %% & B 5 (Bioen-

geering NLE) 9 , ¥ b Wi B vk E 30 g/L, R B¢

BEEH 30 C, kB #E 4@t 4 mol/L NaOH #1 3

mol/L HCI ¥ pH 4 #7E 5. 6, BE ¥ i 2y 400 1/

min, S AFE N 1 L/(L * min),#E 4X10* Pa, ¥

HEER BT 10 g/L 8, Fi A BEANSH K .

1.4 RMEHZE

1.4.1 #EKRALFANZ BRITEK4].

1.4.2 #H&FEaZ BRIE4].

1.4.3 #EW/RAEMNZE 3,5-"HEKBRE

(DNS )01,

1.4.4 BEREMNE KGBRH-KERAKE

®a,

1.4.5 ZE ¥ @il Bioengeering H N Hl &

BETE TR S B A BRERIDR.

2 #R5#

.1 BERSHEBETRE

RERAIMEBEIBATSIW R - HE
ERPAMRER SRS, REFEHE pH HEH %
HTRERREY, A KBS 3 mol/L
NaOH ¥ pH fF 7 7.0, A GRS R EL 3
mol/L HCL % pH AR 5.6, B 1 RARKER
BB ARt R EER S 2R, NE AT L, B R
BOETEEERMAERSREEEHEN. B
MRELSBRFALSAPANHE R 16 h BEEAK
#,16 h J5 NH,Cl B #E 7 R, RERFF B A B
EREBEREAERSRY . EEEERKY,NH,
CIEARBHBEMA, BiEREEARK BEER
F R i T2 B T b TR o ol AR T R B b R
FUREEABPFEAAILER, EREPH pH A
R T R, X B 58 o b0 B A I k46 pH 2
FPEE 7. OB K BGE pHD ;16 h &4, B L& ¥
HERR HEKEXIRKE AR ERMKA,
BRERER., BEHEARBEREGRH B TERX
—EHNERNEASNERBETERYN. BET R
EAFRIFFER S WA 80K AR, pH 8 T 3 M
HCIBEE 5.6, 110 h EH , AERT=EXLIT
32 g/L HEBEILER 0%,

0 =YY —e- BRI - ~100
08 S7NHCl —o-PO, lioo !
S Q -=-WEHE 1so

5 Ba)y O-0—0—00—0—0—0 g9 g
Sel o = 160
= 6 Wiaigy SV -60% A
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Fig.2 Time courses of curdlan fermentation

2.2 FHFRPEFEAERSEEFAINILER
AYBREBAMMERYER, — XM B IRE
INABEHEYRSREREEAEA . ZHEF
AEFETENEESAERNETRIEBEHN
A RETANMBRERBEETRE B:-F1HER
B H) R R R AT 28 7 WO B 4 R 40 O O R R
M AERY, B mEKM % pH E4 R
EREM 7. 0. FREATHEE, BEMNEMLTUR
BRBR IR M REE Ol . MBREIEFESR R 40 M R 45 0k
LR ESERLEF. TRPHET 3Fib o
% B K (fed-batchl, fed-batch2, fed-batch3) X} 2§
FRATEMERECR, XR T EWNER 1w,

A 3-a BiRB R 3 Fhahk o it & B X3 i ik
ERMER, EEEEKHBRO~2Z D, @8dH%
155 18 7 0 (fed-batch3) B 7 35 15 B B9 o 1 R B oK
B BT R A 5 AR e 2t 7 & (fed-batchl,
fed-batch2) 1 4> #t 3% 3% (batch), ZTEHEF 22 h &£
4 15 5 T 00 % B BF (fed-batch3) W HF B B W HE
R BT 27 ¢/L KK, T 2 Rl — B 18], 4 )
i — WM (fed-batchD) B H &, B B K HE K
FEWEN 18 g/L, [ 4 it 15 5 (batch) B /9 48
GRKERE 6 /L Mk . BERARE. .

A 3-b R R B ALK S ETHREEREN
Apdl . i % B 0 0 B9 5 Bk (fed-batch2, fed-
batch) A LI R BE R E—- M BEHKFE. BT
7 B B — WA R I (fed-batch1) K 20 #t R BRI 7
KA, WE L TRE N WKE, S B0H % B8N H
EEMAFFHEEMEK,

A 3-c RLM R RS RS NH, " KEH
54k, BT CAE R BBk B s R R T LA
AU NH, " E— D BKAHKE, A—KHE
fmA NH,Cl #y4r #t % B (batch) 48 H , 7T LA 808
N NH, " 3 B8 4 A B 400 30 76 A, S B 1A R e
HK.

SARTHERXIHMFRTHHEKRERN
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LA 3

Ak, WIRERBWRE N 15 /L M et & B
HEHRRRNLKEKRER MESHREBELEF
(batch) T FH) M A FEW A NH, " dRBEMH T &
Rag bR, i A A 4 8 18 3 I i (fed-batch3)
MR E=RFEHITER EER2hE.H
BEREBREED 27 ¢/L, 5K BERIAHIL(6 g/

D.RRAT4SH TRTESBITENRHRE
BESESR . o T REUA AL A0 K i 77 KA FE R
NH WAFEEBE~HMATHEL FTARERH B,
BB RN TRARERTUBIREE
BB RBERSETWATE .

1 HFRPEDNATEAIETI
Tab.1 The various fed-batch methods in the seed fermenter

AER AR ES BRA o) KA/ &/ ﬁﬁﬁ%bﬂiﬁfﬁﬁi:ﬁﬁﬁﬁim%ﬂﬁﬁ 5%
43 L35 3% (it 1D 50 3.6 / /
AWM 50 0.5 / A shhn
) %5 %% (5] 8K 3 fin 15 0.5 12,16,19 & %0 90 mL
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Fig.3 Effect of initial glucose and feeding method on
high-density culture of A. faecalis

2.3 “HRBEPFRAENRA AR LBAKE

FRHpERTREN I ERNREEYER ERHR
TR RMEEE KW LR LRI
ST BRI EIRE R 15 ¢/L, SHARRE
WEMRT 2 ¢/L B, F A48 B 30 4 % 0 0 07 i
(fed-batch3) R 3L BL &7 B AT B A 7 5 BE 3R 9, B
7% 22 h, IR B R BEK 24 g/L. ERFBITER
FREPTLARARE L IFFOEM L, RARFH
BROTRE, dTHAERNOESSARIN BB
BEKRBRMFHEPED TR B(ZRAE
ST AR ERBBESRE  BKEH
BHSIALBRE A TEABBEFTAFERR. A&
WM ESEAT RO B, T AR E. SRUE
2 BH d4-a iR B BUE “ R R B SR AR,
BRWHEAERRKED SR 2.3.6,11 71 21.5 g/
L. MR 2HaLAE S, bEE Wk R R E RS,
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Tab.2 Time courses of curdlan fermentation
2B HTFE  RME wEBE AYR/ ﬁégg/ﬁﬁﬁﬁ/ AR/ e %
IR ®R/L K B/L 58 (g/L) Ce/Ly (r/min) L/(L+ min) H#EH&/(g/L) (%)
ﬁzggﬁ 2 20 10 2.3 25 400 1.5 56.2 39.3
2 4 6 55 400 1.5 140 38.6
2 5 2.5 11 66 600 1.5 180 36.5
2 2.5 1.2 21.5 33 900 2 170 19.4
St KRB - 8 - 6 32 600 1.5 80 40
70
ol SRR 7 REGLAE AN FE T PRV BE K 11 /L Y
g, 40+ PERATEEEDIR K. X2 66 g/L. Rifn, Y4
8 30 e — BN _FRBERPEREERR SERE K
% 0l —O- ZF BUR BE(11 g/L) .
A LR R EEEPHEAREEN  AERN=RERTW T M GE
10 £ O/I’D - I BUR BE(6 g/L)
0 \ . ~o- BB R BRI g/L) Bk EEREY 21 g/L o ABERH =& N 33 g/
0 20 40 H#ﬁl'ﬁ‘ﬂ)/h 80 100 120 L), XEPAEHUTHRATEREASIEN:.—£
" o T B T 8 1 LB B MO 5 0 L i
100\‘ RA,._._...__H_. T . AREENABERSSESERNBHTE
« 80F A/Exg;q iﬁ%;&;%ﬁ(llgm) BIAKRAERTES . FEATAEBREENFH
& col & ZH B A B6 /L) o 115 A R ) 1% 3 BH (AN A 4-b) , T #A B IBE
S ol o-RaRRmCigh 2 = B A TR L I T A
‘%20 A BIEREER ATP, N\TIBETHERN G R
& " (UDP-#i & % £ & B34 5 | 00 B R 91 %, & R
0

4R/ (g/g)

Qp/(g/(h * g)

0.7

*_ L L
0 20 40 60

0 20 40 60 80 100 120
B fAl/h
b)
0.14 - -O-—ph B} R BE(11g/L)
0.12] A~ rtREE
& Z BB BH6 g/L)
o.10F +~m&7i§¥(213/&AA
0.08} A4
0.06} Aan
/ Aa

004} &
0.02} ~00~—0

Lddor™T

0 20 40 60 80 100 120
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o-= m&kM1lg/L)+ B Bt R B (6 g/L)
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80 100 120
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@
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Fig.4 Effect of different biomass on the curdlan pro-

duction in the second fermenter

UDP-# %% % UTP 2 ATP #4k); 7 54h—4
AREFEEEH TEEAYERAEMERT . ATHE
RSB ERFHET S BHHEE.

b-c IRKREHRERREIRD, ERF
VRERBELT =R ER Qp (BRAE G/
FRERKTRE,g/(he g MIELE. TURR,E
R EHFEN_FRBEEFENC/NRAER
(FhriEPEBAREL, _REBE# TR C/N),
WLEBRBEERN Qp. EEAETERE 6 g/L
i, Qp fEFFFE 0.08 g/(h « @), TEREIAIREE 11 g/L
mh, FFEA S Qp 5% 0.08 g/(h « @), BEFE R BEI i
7. ZH TR 0.06 g/Ch« ) A, Ao ZEH
H.(0.06 g/(h « ) H FF#RH . # 4% Brooks D %
AHME"  EEBRAPLIENEEHEEY. 52—
KEFRBE b B R 40 K B, 3 0 £ 0 A R 4K
BERMEH . B, FEEEKHBMEC/NEE
HAEAEMTREBEENL=KER, EXEE
PR BRI &R (21 g/, AT BB 2 40 AT o A
Y5 E , AT A A e 7 B R AR, 3X — AU Lee
FAMIRE -,

Fo R B RBEEF (E 4-d) BB KK
FERIRE, R B XT W AR O L AL R BT T MR, X
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#2271 %

ARESHAEREA X, RO TREFERRY
AR 5 55— 77 R B AR th TR R R

B, ERRRABENE 2R (CERLRESH#
A7)+ 3853 3 A5t — A 480 0 1 2 0 O R RO TR IR 60 B9 3R

RE - ABREENHRM EHRERE. B EEAERFEMASRESBER. EHK
3 &4 = REWEN 11 g/L ot , AR =BIXP) 66 g/L, l
Zm T

St R (KR BRE 6 ¢/, BB 32 g/
L#mT 106%. FHEMBBRBEES BT %
MFESHTEEERCGEFRERZL),. KR
EHITHRERER(REEARSL.AYRN 6 g/
L, @M HZBEMEL(RRERSL, 2YE
H6g/L), EHRMEBFRMBENTHFERE
5%, WATHEAE. ANGEIAMNBRERELZ
ORI AR A BT T R, X R A
BAEFH—FHLL  AERLREFHEL.

RARHERBAEREREENTR.E
Pl B & e P, 7 B R E K B B (Fb T P it
770, (8 AW R K 4R Bt R IR AT AR B R R
(NHOFB—HEARFBEERBWRE (0.2 ¢/L),
AR T H R R PR 4 <, R B 7T LA g 4 B U 7E B 3%
EPHRR AMNTREPARKROSR. GEERA
WM Ik UAE R R ERFR RO EERE,
AT LA 30 25 6 0 X 40 A P R Se B A A R B
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