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B E: R TOHEAA AT B DU S FRE RO Y R A 2,3- T E(2,3-BD), %8 T 2,3-BD IREE. AR
R R SAR R Aol SRR, JE P A PR 5 B el = R IE IR AR 2R & 42 1A,
WISPEHIR IS AL, 3R 2,3-BD FUIREE. UGN ZHMBCN R, RARSI N7, AR A5 %
B, KT 56 h, KREAKT 2,3-BD AWK EIES) 80.20 g/, ZAHIAY 2,3-BD W2 M4k 86.19 g/L, =ik
LB 154 g/(L-h), LLEpph DURIZDRE A RPN 23 T4 = T 8.50%, 7.38% % 7.69%.

KR CERAARATE AT 2,3- T R R E S A

FESES: TQ815 XHEkERIRAD: A

LW E

2,3-7 —¥(2,3-Butanediol, 2,3-BD){ k- Fl fE B 1)
T Ok, S DA AT 5 EE R =4 2 —1,
TN T T s BORE R A R A4 23,
4277 2,3-BD (W EZ A A ARV E A T
WEAEAAAEIE 2 0, B4 RRESEIL AL A=, 2
ML R LA AT PR AR S5 R JEORE S T AR AR R
FaAk ol FAR= o), HAT 24, B0 N 4 PRI K
/50 S ) NG S ) W W < ¥ A Ay e B S A S S E N
X AEMAE A 2,3-BD BdRiER %2, a2 A
2RI, AE LA ATE b BRRAT AR5 NGRS R G
ek s — R o, LA R R A Sk
BEH s R e 7 2,3-BD, i D RHRAEEO M )
CTYEZ R, (A% 2,3-BD MR EE#AN R, Ik,
e BE Bt SO R AR Bk R AR BER 2 AR &
VeI et i E 77 2,3-BD A4 .

JE M2 75 (Dioscorea zingiberensis C.H. Wright){& 44
W, BRI R (Dioscorea L.)Z A AR
H A4 E Ao AR 2k 100 22 0/, 2 3k E R IS AR
FRAY FRLE BB T LY. ER R TR
DR E R, A E R RS AT AR S R
EHURATIOA, EEAT 45%~50%3EH 1 40%~50%4T 4k
= M A EA A . Dk B UE T TN S
T3 VE S TR PR K AR UK W S TR K AR 4 2 R T
HHPER LT YE R ), B RS THRY 2%
PR G, RGBT, RSk KA ) 1t
NI B, RN R T 7K Ak 2 e i 31,

gt HEA: 2008-10-08, f&[E HEA: 2008-12-02
EETH: #aHHmita s A4 &% hme

XEHS: 1009-606X(2009)01-0095-06

FURT,  SCHR oo JE e S35 e 1 R AR b,
B T LRI AR A R TS O AL, A
AR JE A LS R A7 2,3-BD [1#E.
KR TAECUE - EHEA BN Y, R A A2 &
T 2,3-BD, AR AR ARRR R R B 2,3-BDL IR
A S B 25 ) RN BRI S R 2 0 T )
THE T —Fgn i D2k,

2.1 [FER5iRF

JE S BT 2R 0 B B A B S8, i R
a-JERE 20000 U/mL, #i 4 H5E ki 100000 U/mL (1L
KERAEY LREARAH), 2,3-BD br#E (32 Sigma
ANF]), CABGARRAES,, WERRR (S1E OXOID 2AH]), #
EPRECEIRHIZ B R A IR A F], Al RT 95%), HAtfik
S A A prali L 2.
2.2 EMEFRMRL. BB

W IE T E T 258 60 CHET 21T, vl 60 H
(250 pm) i & FH . BREC— € & G M B0, HoRH K
1:4(w) 2K, 7E 80~90°C FHUMIFLZ) 30 min. O =
wo-VER (12 Ulg), WFEFE I 90~95 Ciift. 30 min,
Z R HIBRR, H 8%(w) 3R pH {1 2 4.0~4.5,
TN 25 BHER (120 U/g), iR 42 i 4E 58~60 ‘C Bk
120 min, JEMEALERIL 88.61%LL L. BRBHALIB R Lo
&, i 8000 r/min, FriSIEwH T R EA 7 2,3-BD,
JEHEH THRICE R R
2.3 WiPFILEFRE

775 1 G FT 14 (Klebsiella pneumoniae) 4 [ [ T
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P A=W A R R BE R0 (CICC), 45 CICC 10011,
SO0 2 YR i 52 BI4E

Ty Ri IR WS 2 SCIRIT]. I BE R s i
AP oG M ORI, 41 (g/L): KH,PO, 1.36,
(NH,),S0, 6.61, MgC1,-6H,0 0.26, E#FEky 1.0, #7451k
0.428, ffEItZ B 5 mL[C /7 (g/L): YA HCI 10 mL,
ZnC1,-6H,0 0.688, FeC136H,0 5.4, MnC1,-4H,0 0.17
CoC1,.6H,0 0.47, HsBO; 0.06, NaMoO,2H,O 0.005,
CuC1,-2H,0 0.47].
2.4 EFRFZE

500 mL — ff P 3 e 60 mL, FERhE 2%(p), B
FRUELE 37°C, 3k 200 rimin, 535 24 h, RIFRER:IRAE
5 L BIOTECH-5BG 4 H 8l K I (_FHE R AW L
FEGBRA T PREAT, 2EiE 15 L, BRE 5%(p), K
P 37°C, #3300 r/min, i 4% & 150 mL/min,
FH 5 mol/L NaOH ¥l pH {H 4 6.0.
2.5 HMAE

A=y e (R 5 R FH Bl i (K 650 nm), 2RI
£ SBA-50B A=A I A T A (th AR RHF )il e , 38
JEUEA S ) DNS 3005 R ) 2,3-BD. 4
B AAAN 28 H A Byt GC-14B M (il Al o2, B
AR, (% FE g5 mmx2 m, HUELY Chromsorb 101,

Kl gk FID, FEIR 190°C, VAL S SR a8 (iR E
3 200°C, 2SN Ny, i 50 mL/min, BEFERE 1 ul. &
BT HLRKH HPLC WilE, itk KC-811, it
A A 4 mmol/L =R, WahAH B yiaaliK, 24t
Rkt 210 nm, AESHAHGE 1.0 mL/min, iR & 20
uL, AEiE 60°C.
3 HEREH®
3.1 HE AR

3 ) L T S O A YR R 2 B O S A A T A
SEEG, WA AR 5 )k 82 F1 935 glL(E Wbk
VAR ORI B 105.22 g/L), K% 24 h, SR LK 1. W]
UEH, LB 2,3-BD 2 i KLU HAL R
A, CABMAY 2,3-BD RS2 RN K AE P ik R DA JE 5
TS AR S LG LA 5088 2 JEC 23l i - 35.12%F1
35.29%. LAEHIHEAGHBUN KD R 2,3-BD I, 1R
PRI, R I R T P R AR BER FE G, 1
K CARIRAR B, AT E RIS A IR B L AR AV
T2 1R T AR R W R . XU ] LA RO SR
YR 2,3-BD LG LA ZE 8 R JEC IR = )k e FN A=
7 HAT B A

F1 UEMERRLRNEEREARYOERLELER

Table 1 The results of shaking flask fermentation with the saccharified hydrolyzate of Dioscorea zingiberensis and glucose

Substrate consumption (g/L)

Product concentration (g/L)

Acetoin and 2,3-BD

Substrate Reducing sugar Glucose Ethanol 2,3-BD Acetoin and 2,3-BD Yield (g/g)  Productivity [g/(L-h)]

Dioscorea zingiberensis 103.12 93.5 1.61 27.59 38.67 0.41 1.61

Glucose — 66.7 1.54 26.38 28.62 0.43 1.19
3.2 XA ER 120 ~ 14

U ST R, S5 LB 5 100 = S
R WIRGERRE LS h A TAERN, KRS, 2 2 g e S 1w
FHEARECEKI, T30 45 hBFOMFOEIERIT, & & [ s 5 s
FHMFERORE LS PR R A5 N, R g T / s 168
RIRHFEE T e, MR A TR § . g 1,
Ko AT 1050, wikoD ks % 0 A g 1,
K(12.48). KL U, R IR R 5 AR SRR G o=, . S 1,
9.76 g/L, HIZEREATNAE, 2,3-BD WKk E ik 5] 31.87 o 4 8 12 16 20
o/L, L ABURS 2,3-BD Wk R4S 33.39 gL, J& Time ()
RN 032 glg, EFFIRIE N 172 gl(Lh). R K1 @Zﬁiﬁ*’}ggﬁtﬁﬂ?w PRI

NFE G, BEFR AR B BERRAG, 7 A s B 5 K B
fIG, AN A RS, AR ], AT ReE PR
PR
3.3 tNin & B

539 DA W 28 0B A4 8RN i 260 A I At =Xt
e, R WP Ik R b o ] A 2 8 2 ) Sk 191.3

Fig.1 Time courses of 2,3-BD batch fermentation by
K. pneumoniae with the saccharified hydrolyzate
of Dioscorea zingiberensis

150.3 g/L, ZERFRARI AR ELE 20~50 g/L, &5Hn
K 2 Fros. WS, DOERREILBON Y, #ifk OD
(N 14.33, 1 LA SR, RARAE K G HE
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B, OD i fx = HiA % 17.63, 11 2,3-BD IR FEAA [,
439k 31.70 g/L A1 31.85 g/L, J& &1 2,3-BD LA s
BTG, RIS, DU O A I I 1) R e
2,3-BD /&A% 80.20 /L, Z B4 2,3-BD MK EZ
Flik 86.19 g/L, A== ik 1.54 g/(L-h), i LA 24 N
A KB T 2,3-BD fe K514 73.92 g/L, L AHUH
55 2,3-BD K 2 Fli 25551 80.27 g/L, 2E /=5 ok 1.43
o/(L-h), ArE L )54 2,3-BD &Rk 2845 2,3-BD

160 | (a) Saccharified hydrolyzate of Dioscorea zingiberensis /A - 120
140 - —— Reducing sugar /ﬁ/v 180 9
- [ —&— Glucose ’A/A a 1 §2]
S 120 | - A g 15
- L ~e. /0/ —v—2,3-8D -4 60 _g
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E 80 r " %0 o o 0 o o | 40 “S -410 8@
S 60 S
2wl 120
& 40 i ] S 5
2071 1o &
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W FE 2 R0 e A s FE 43 il iy T 8.50%, 7.38% 11 7.69%.
CLEEFBACIBON I, 55 25 h # I A b i g, 3
R A OD RV R P, 25 RIBEHEAFRE W], BEG K
BEIREAT, AR S RO AR TH P B0 BRI, AR~ A
BCH FE AR PR, X PRI RIS AP e — e ).
PEACHERF TR AR E « R AN SR ms 38 o] L — 22
PR e
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Fig.2 Time courses of 2,3-BD fed-batch fermentation by K. pneumoniae with two kinds of substrate
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FERE T R B AR, UG RO )
FEB 4 0.42 mol, LA 24 4 I YIFEDR & 0.77 mol,
W 3 s, WG, BUS - E RN KPR 1%
I, i 8 h B LT AVHAE, M 8 h FF AR A LR
N, % 24 h IHFEIE IR S, 32 h 5 )L TP ATRH
FEOR. T 24 h (RHRIH FE T 26 5 14 2(a) s AR KR )
ARt AT G, LR K R 2,3-BD, Y
WARA KB NFR G 5, Bl R IR AR PG, HA 32
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Fig.3 NaOH consumption with two kinds of substrate
during fed-batch fermentation

HHTE IR Aa I B R I J 19, LA 2 W0 R I -
PR SR K e 77 2,3-BD, W55 A6 AT HUIRA IS 7 1 A7
TEAT B 2 1) 22 5.

DU I S BRGNS, R ERTATIR IR %
RR . SESHRIR . % BRI R R A) U oA J3E e v 1 LA
TR A EC AN A . R T IR RS E el i i ik 42
TR ABEEAT AT WL 22 Pk 23T, 45 SEE I & i S ik
SATVERY . A4, EHURIE. B wiig. EA R
Gh, BEHEFER. SRR EHRR. JEHRANE
PRy, KR P IFTEIR . P RIR . AR, BE
IR BRI LA L 43 ) 3.42, 4.53, 0.084, 11.86 Al
0.14 g/L(K 4).

RIBEFFUGI B, AR SRR IE R R FIBE
FRIIE N B, 4 h IR R AN 8 2R R R 1 A 3 e A AE
4359k 2.89 F10.014 g/L; 8 h i1 REER VR & B4 2 S R4
(0.70 g/L), FZ 16 h JEHIFR R & B 2 B AR AE(7.85 g/L),
{E PR A 3 UG T, 565 4 n YN R Rk Bl 45 K
{H(0.72 g/L), 2 Jm GH N F%; 8 h I P 2 5 IR (0.17 g/L).
PRI RS, FrER GRS, TER S
FSCRR S RS2 B, AR G It — R P A B
T, e EEIR, R LR Z-CoA 4G
RNAR LR, A RRIEACEREETY. 4k, o &
(OB AR IR 59 T Fh e 1 s 1 X 1A D I 2 e % 1 8 11
B, AR R AR B, IR IEAR 8. AR
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Fig.4 Time courses of organic acids during fed-batch fermentation with two kinds of substrate

DU 0 S, BEFARR R R, HLBHA I [R)
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Fig.5 Metabolic flux distributions in logarithmic growth phase during fed-batch fermentation with two kinds of substrate
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Fig.6 Metabolic flux distributions at the end of fed-batch fermentation with two kinds of substrate

MBI 5 76 A1 BB P AR & BT T LU
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Fermentation of 2,3-Butanediol Using Saccharified Hydrolyzate from Dioscorea zingiberensis
LIU Guo-xing, WANG Yuan-hao, SUN Li-hui, SUN Ya-gin, DONG Yue-sheng, XIU Zhi-long

(Department of Bioscience and Biotechnology, School of Environmental and Biological Science and Technology,
Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: The fed-batch fermentation of 2,3-butanediol by Klebsiella pneumoniae from Dioscorea zingiberensis was investigated. The
concentration and productivity of target products, organic acid metabolism and glucose metabolic flux distributions during the
fermentation were analyzed. The results showed that organic acids in Dioscorea zingiberensis could promote metabolic flux in
tricarboxylic acids cycle and acetic acid production pathway and decrease the butane diacid production pathway, thus, 2,3-butanediol
production was increased. 80.20 g/L of 2,3-butanediol, 86.19 g/L of 2,3-butanediol and acetoin, corresponding to 1.54 g/(L-h) of
productivity, were obtained using the hydrolyzate of Dioscorea zingiberensis as substrate and feeding glucose during fed-batch
fermentation, which increased 8.50%, 7.38% and 7.69%, respectively, compared with that using glucose as sole substrate.

Key words: Klebsiella pneumoniae; Dioscorea zingiberensis; 2,3-butanediol; metabolic flux distribution



