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Biological production of 1,3-propanediol using crude glycerol
derived from biodiesel process
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The production of 1,3-propanediol (1,3-PD) was investigated with Klebsiella pneumoniae DSM2026 and K. pneumoniae DSM4799
using crude glycerol obtained from biodiesel industry. Crude glycerol was used without prior purification to investigate effects of
impurities in crude glycerol on 1,3-PD production. In the batch cultures, 1,3-PD production with crude glycerol was 1.1~2.5 times
higher than that with pure glycerol, indicating that crude glycerol is even a better substrate than pure glycerol for 1,3-PD
fermentation. When glucose was added, 1,3-PD production and yield decreased in spite of enhanced cell growth. Futhermore,
the addition of glucose was found to increase 2,3-butanediol, a by-product, significantly because of the change in metabolism
in the presence of glucose. In semi-batch cultures without glucose addition, 26 g/L 1,3-PD was produced with crude glycerol,
which was 2~3 times higher than that with pure glycerol. Based on our results, it was clearly shown that crude glycerol is an
effective substrate for biological 1,3-PD production, making it more feasible to produce 1,3-PD at a lower price.
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vl et s ek TR FAER 1ERY SEAE
S ¥33t Hdo] WS H=d, o] nloleuiAl AJAk b
10% A== A3 LA Fvk2). olgg TS Tt
RS 22 0ES A F Slow, 53] k] #HSg
AES At SlolA Be Hlgo] Q5o nlolotAl
AR TR AAEE dATIER FAEY #H2EAEY
NEE SE29] Jito] Basitk3). SAES H= vAA
(US DOE)°l|A] top value-added chemicalsZ 1% )] 3}t
AE F SUEA, Hlo]le oA ALt Ao BHER dojAe
=AEY T ool wet &5 20101d90= $ 0.5~0.75/ kg
Hre S Aoz FY5o] 2% JUSSHAEY UL
A ARE F e TFeAe] EoAAL ok AAl U] A
SAE 7Ho] upol Tl Aol o5 ARl olstE etk
A2h Bas 3 k),

2EAES oA A=A el ©Jste] propanol, glyceric
acid, propylene glycol, 1,3-propanediol (1,3-PD) 5.2 3}k

=2 & 9t} o] FollA 1,3-PDE FHZ AFE3lEe] 4571 )
Hi e ZFEHE HIHZEHO|E (polytrimethylene

terephthalate, PTT)S] THAZ o] &2 = e T3 95
EdolH, =3 #8419 8uEE AHEE F ST, o).
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1,3-PD2] A AAHEAHL acrolein (DuPontAH) oY ethylene
oxide (Shell*h=H-H sFetz] Fgulol sl s ATk, 8).
SEAEZRE SIS E o]8dt] 1,3-PDE H¥sh=s A=
APH 1 9o, 7R Hud Hlol okl F2 ne-ugt
Z700A4 frafg ekgAE AMgstaL, 53] &0 5~15%
AEg wj$ Y1, 1,2-propanediol (1,2-PD) 59| FAHEo| thak
A= o] 4dA AT Aole gl Atho, 10). ol
whal AESHAQ SYAE f 1,3-PD AT s3HFA
Hlg) g7g31skAe]al A AjtellA o] FojA FAF R 1,3-PD
5 AN F doks Aol Slo] A2 e S W Sl
DuPontA}$} GenencorAles UIALE817]|&S o83t At
SB2REH IEFE o83y =& F& (135 gL)9 1,3-PDE
Al 7es ey, =71 Ao Qs I=g
o] old HIFMET 2L HIFEA 714S A5 o)&slHe
A7) Es) [P QIek11). 1,3-PDE Kiebsiella pneumonae,
K. oxytoca, Enterobacter agglomerans, Citrobacter freundii,
Clostridium butyricum 52 8714 2 54 714 vAEE
oJsiA @714 z2helA AARATHS). 1,3-PD Ak 71491
SYAEC] IFER EAY AF Mg woerz {7 3
(fed-batch) & 58 1F%= 1,3-PD A3F A7} WP 0m(12),
TS A2 mAEY] 2T 38 NS §¢ 1F% 1,3-PDL
ARk 2 uAs) S-S o]8ate] S 2-3 g/L/holARE
30 g/L/h FFEOE A Ayt Bag b dok).
TUAME dle]erjdo] < 209K ALtE T Yot ERE AL
2 Tt 74 A0E AHER FAEQ] HEYAEY
S o] "asgh Aotk B AT 54 TV mAES
K. pneumoniae DSM20269} K. pneumoniae DSM47995 ©]-&
glo] T B HAERE o83 I Hiel v ArkgAel A
dAE FFAERNE 1,3-PDS Ak g BozA,
H2YAES AA2 glo] ol&ste] ¥4 tAst 9 FAH
WS ERsgth B8 2R Wb ok YR e 9
13PD 440 WIRE g doluskor, WA (semi-batch)

TaFEs T HSHAES o83 1,3-PD LFEE HFS

ERET

e EIY
Ao ALgH FF K. pneumoniae DSM2026%} K.
pneumoniae DSM4799% German Collection of Microorganisms
and Cell Cultures (DSMZ, Branunschweig, Germany)o|A] <
ataom, Z4zke] = DSMZAA AlgEofxl Fujdg wiA|
2 OHlGRE (26T, 37C)0l we} 6413 WA F, 25%
FeAEo] T3E AEZ 80T Waarel sk #59
1,3-PD A2hRA] 24L& S/ 1 Lo 73220 g, 22AIE
2 g, K:HPO, 5 g, KH,PO, 3 g, (NH,),SO; 2 g, MgSO,.7H,0
0.4 g, CaCl,2H,0 0.1 g, yeast extract 2 g, peptone 0.5 g, beef
extract 0.3 g (Difo Laboratories, Becton, Dickinson & Co., USA),
nZ92313) 1 ml FUFeem, 7] pHE 70 22 ZH
th &, 2FIALE AU 4sks 99 1,3-PD A4t
ATE Hdide 2FAEE 919 WA 240 Al elskiit.
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o2= £ FYHE (.T.Baker, 9.9%)37 F& 2
AHEE vlele A I (gZE ARl
P HSEAE 27HAE dlo]l et ARMGAIZRE A
FE9th FR/E o83 nlo]otfd Aakargela] Ay
P AZYAE (G-SO)H HAAEH FE HZEAE (G-WO)
2L Table 19] YERIITE A8 HIFPAZS <5+ F

7 2] AZo] Hu EFHIH, 53] G-S09 AH
Feol 32A400] A3 Qe A AL et dEeiHE
500 g/L2] F=9] stock solutionS WHEIL GA| I §lo]
ot ko] HA FYME FE8 £ AMEEh
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Table 1. Composition of crude glycerol from biodiesel production”

Crude glycerol
G-SO G-WO

Composition
[wt%] (from Soybean (from waste
oil-based biodiesel vegetable oil-based
production) biodiesel production)
Glycerol 79.7 70.7
Water 0.1 12.5
Methanol 0.3 6.7
T™MONG 16.9 9.7
Sodium (Na) 14 0.5
Magnesium (Mg) 0.0002 0.005
Potassium (K) 0.007 2.7

"MONG : matter organic non-glycerol
*Analyzed by SGS Testing Korea

B ke

2 A SAE 25%9] 2% A= 50 ml FHl
& BiA|olA overnight F2F seed Bl I, 250 mL At
ZelT0) 50 mL AHIAE W & seed MY TFE 1% (Vv)
AZstd 6417 59 242k 37C (K. pneumoniae DSM2026)
2 26°C (K. pneumoniae DSM4799), 120 rpm Z71oA 3714
o= WA o]F wigdel FTIEIE FHgE of= TR~
= Bojdo] B3l serum bottled] &7 L F 1,3-PD YA
S 98l 20 gL SYAIES H7FstaL of2 7kAE 10 3
FU3 & HYuHop)el &FulF O Z serum bottleS T
Stk fleF 22 xHoE Y] JHE M & 5] wjek
22137 T wjkRANA 48A17F H Sl TE Serum bottle
o Ao ks E2A i AFE HslA 20 gL &5 SEAME
2 HZYHES 2421300 Ho) ST

A

=24 gy

TF9 S22 syringe2 A3 ¥ UV-Spectrophotometer
(UVmini-1240, Shimadzu, Japan)E ©]-83} 600 nmol|A] optical
density (OD)E ZA3IGth AL, 2732, A4E L&
AME-S- serum bottleol A ¥ FH-S- syringe® AF5}] 16,000 x g
X 1027 AAEGE § F5HE 353t 02 pm EH
(Whatman) 2 oJ#3te] S35tk A& AF 4L
Free glycerol reagent (Sigma, USA)E ©|-838l91, 25T e
reflect quant strip (glucose test strip, Merck co.)2 ©]-8-5}¢]
Itk pHE pH meter (Orion Modil 290A)S |83}
3}t 1,3-PD 2 2,3-butanediol (2,3-BD), acetic acide &%
o]} A&7 (FID)E 423 Gas chromatography (Shimadzu
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Table 2. Production of 1,3-PD using different glycerol sources with glucose addition at 48 hr
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Strains Glycerol Glycerol Product concentration [g/L] Yep' Final
(DSM No.) source consumption [g/L] Ethanol Acetic acid 2,3-BD" 1,3-PD° (mol/mol) pH
Pure 8.30 2.58 0.27 6.16 2.54 0.37 4.5
2026 G-SO 16.61 4.06 0.16 8.66 6.38 0.46 5.6
G-WO 13.88 3.85 0.20 9.46 6.00 0.52 5.6
Pure 16.14 0.99 0.13 5.58 7.77 0.58 44
4799 G-SO 22.61 2.37 0.22 8.32 10.73 0.57 5.1
G-WO 20.70 3.14 0.18 8.75 8.63 0.50 5.7
*1,3-propanediol, b2,3*butanediol, “Moles of 1,3-PD produced/moles of glycerol consumed.
Table 3. Production of 1,3-PD using different glycerol sources without glucose addition at 48 hr
Strains Glycerol Glycerol Product concentration [g/L] Yo' Final
(DSM No.) source  consumption [¢/L]  Ethanol Acetic acid 2,3BD" 1,3PD° (mol/mol) pH
Pure 16.13 1.36 0.65 0.12 7.32 0.55 5.0
2026 G-SO 18.91 1.31 1.00 0.16 10.15 0.65 5.5
G-WO 17.45 0.93 1.10 0.14 9.42 0.65 5.5
Pure 23.04 1.18 0.21 1.87 9.69 0.51 5.7
4799 G-SO 23.87 0.60 0.70 1.14 10.26 0.52 5.8
G-WO 21.09 0.67 0.71 0.09 9.03 0.52 5.8

*1,3-propanediol, °2,3-butanediol, “Moles of 1,3-PD produced/moles of glycerol consumed.

GC-1200, Japan)S o|-&st #43t3th. ZH-2 HP-INNOWax
(Agilent, 30 mx0.32 mmx025 xm)S °]&3IHI, 2B &
271 50CellA 30C/min® 3F 240C7HA F7MA1A A48Tk
FUAF 25E 200C, AEFY 25 240 Ci A9

28 mL/min®] f+£0.2 FUFSATE

carrier gas= A& 7}E

dn % 1nE

HZ22|MEn = S2|MES 08¢t 1,3-PD M4t H|w

1,3-PD AaHt52 4# 3 K. prneumoniae DSM20263} K.
pneumoniae DSM4799% AHgste] T 2 H2E/E o83
npol o)A Aat FAHoN TAE HIYHE G-S0g G-WO
2 o]g3dla] 13-PD AIMIS FAEIGILE B ATox] ARRS

HEYMELS A20] Aa 155 FTAE ¢ oY EcE0]

Aodle] olo tigk 1,3-PD A4 FES Polry] $8) Bl
Aoz ¢4 FYMES o83 1,3-PD A= A A
SHATh AR K pneumoniae TFEY] FES T 1FES
1,3-PD A4HS #3kazt %—Erii 20 gLE #H7ketd 57143
Z7olA 6417t HlYSIA T {7 2HoE HEsY
1,3-PD A4S J&“"G}‘;’ir/k O]Eﬁf} 7] w7 ek
2%k H%S Németh SolXE A4 v ATh13).

A A3}, Table 2904 EO]b ule} o] 7] wjok 4847
B¢ F O BT ASENES AR BY oF SEAIE
Hls) g€ 1,3-PD *g*i%k% Yeli itk 53], G-SO #HE
JAES AHESE A &F STYHAES AR 450 Hlis)
K. pneumoniae DSM2026Z5-E] 2.54l, K. pneumoniae DSM4799
25 149 F7H 1,3-PD ALtS JERTE G-Wo HE
YHES ARSSE Aol T 7oA 22} 6.00 g/L, 8.63 gL

9] 1,3-PD7} A= &5 FYAE vl 42 2430, 114
9] 1,3-PD AaF 1= L}E‘rﬂm\:}. STYAE 2HFS ALE
H ZYAME F7d dgle] K pneumoniae DSM2026°1 1] 3]
K. pneumoniage DSM47997} 1] o] ARsIgoH F A5 5
o SIS Bis) HEEHEe] AREe] 1.3~24] BT IA
UrEPJ'E} 13 PD9] & HE3F K. pneumoniae DSM2026+=
HIFYAES AFES Y 24~40% FIEFI O, K preumoniae
DSM4799«] 495 1,3-PD F&°] HIEEAY (G-SO #H=E
HNE) 1 Z4skeE A (G-WO HEYASH)S YeERdTh
A, B QoA 42 HSZAERE HAskdE 13-PD &
2 Mu 5o| B HIYMNEZHEY 1,3-PD M3 58121
047 mol/mol¥} HISEAY £ 758 HAtH14). £ A¥S
B3 ztzt g2 Y988 o]43 nlo|legA FAo|A A=
T A H=PAES ]%ﬂé B35 %—/FU"H 93l 1,3-PDY]
ALt A7 BEEA Gk, 238 &4 SYAE Ul
1,3-PD Aiteo] F7kshe= °o % ﬁi—o—i Hlo]Q Tl AgAL
kel HEEAES A jlo] 1,3-PD AL TIEE AR
Feds & Atk

Glucose &7} o{5o| 2 FF =

H|m
Glucose= VA& A
£ Z7F A1A 1,3-PD M
(15, 16). HFH Németh
catabolite repression®] &J3l STMEL] 4227} JAET 1 A3
1,3-PD AAto] JAlEti B vy Qlth17). olo] %32
FES Golr 7] HOH 7N HIMERY SRIAE
HHXﬂ‘S}ﬂ J0] WE #F ¥%, 1,3-PD A BAE il
pH H3 55 5_/\}0}9513}. HEAES AHES Af 712
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AA 9] TEE 2 #AZ AHEg oD Ao EVISIY
o7 SYANES ARRAE AFolw ODE %@3}9\1‘:}. I Ax,
SFAEE HUhe A ST EE g H3
24X3FEt SFEA7E ARHUA OD 71 30% B dFe
7o) 2RES & F JUeH, K pneumoniae DSM2026°]
B3] K. pneumoniae DSM47990| 4 vt FFF~ 40 F g
o5 55 UEMISITHFg. 1). &5 873 &% (specific growth
rate)= K. pneumoniae DSM2026%1 7% =2F32 7}

o wa} 242+ 0.75 b, 0.62 h', K. pneumoniae DSM4799T‘E
Z47b 0.64 1, 0.57 h' glow FFIA VMBS GE U
ylck #AZgAEE AMEE BfdE 7 75 BT
SYAES ol&YS BT AR 2732 AR B

YElY 2 THdata not shown).
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Figure 1. Effect of glucose on cell growth in pure glycerol.
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F 57 98 RS BAY. K pneumoniae DSM2026-2
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HYJou K. pneumoniae DSM4799= SF32~ 7} ofHo
e 1,3-PD ALk Wshh 24 ity B AY Ay, SR
A7t #F =7t S7VeI9A 1,3-PD ALk S B
TR ety 23H ¥F TRt B FFA v} vk
oA S 1,3-PD AAES HATE Ruch 52 K. pneumoniae
ikl N FFAAE co-substrate 2 ARRE A9 @37<) 1,3-PD
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AFs Feide SFE=YAE vIEY A a9
oar Bargk vk Stk (17). webs, 1,3-PD A 3PS 93
AMe 39 & S7HERE oflE 2RI AEYAME HIE
HAAgH 1o 2 578743 wgdAg] 1,3-PD ALko 2]
AR Asko] 23S & 4 Utk
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Figure 2. Effect of glucose on production of 1,3-PD and 2,3-BD
with pure and crude glycerol by (A) K. pneumoniae DSM2026 and
(B) K. pneumoniae DSM4799.
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1/]—E}lﬂ"*‘:]-(Table 2 & Table 3). 2,3-BD+= K. pneumoniae
A S TAhE TEATAA JeE FR0E T i
ot B B gL ANHE R PRl BAAR
(NADH)E 4R35 HEZ 13PDY 488 7aA7 e jl?l
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Ao M= &4 FEABl val] AdEre g7 Aol g
Hol e dZMEL Y 5 pH T4 o3 595 el
WO m(Table 2 & 3), 1 23 oet2 9 23-BD9 AAS
ZaNoezZHN =2 1,3-PD AA Yehd Aog F39t)
WA, K. pneumoniae DSM47992] L FE FAT) oA
HZZME Aol 93t pH 74 gslgwy} vin|ste] (pH 5.7
vs. 5.8) 5 ZUAES LS A9 BlwgS o 1,3-PD
AAF ) 52t gle A9E U Aoz Algdd. B
A Ay, FILE WA ¥ B9 AAHSZE 1,3-PD
AT F7retn O 9 v @g BAEe] YA 7148t
fomE 13PD A FFI~ giH] 712 AR Y HF
YAES O 7HE AMESE Ao a48Ue & 5 3

% ;% [Eues!
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02,

o 2 3} , 7] pH %
kel 2 gz Ao, o 48 492 EY
2 RIS R G wdde) 20 gL & SENE
2 HZFHES 27} 202423100} A7 AFEA 20 e
£ AHE 9 13-PD AAES RSk 1 A, 7}
T F2RE £ FEAE A Al 1L3-PD B (72 gL,
137 gLydll vls) AFHAES AHHS 3% 2] ol B
A (169 g/L, 26.0 g/L)S JERATHFig. 3 and Fig. 4).
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A, HAZFYMNES AHEIS BFol= K pneumoniae DSM2026
= Z 2YHE 60 gL ©Vd, K pneumoniae DSMATOE % 80 g/L
SYAES A=31HEA 1,3-PD o] STl &5 2
Algol vlal HASHES AH-S 75 1,3-PD AdEke] F7ist
AL 47 S s d=gdA4E V2 J8) wdd
AJA AN T B 2 SYAE LRI AE

g % 9%, 7 43} 13D 4 ke A%E 5 3]
oz 4tk odd AZYANE AHgol 9% pH 1A

o
=2,

I pH =4S 93 9719 28-S A

AU 29 4 o] Bk ARl 13-PD HE FHo] 7t
2YAEY AR £EE A7to] A

we} ZAEHEHA, 2o e FYME AF st Sk
1,3-PD A4 &£5% Hase Zlo| #FHUY &4 FEAME
S AMRE BE 20~40A17 ool FEAIEC] AY AR
A gkomA FAll 1,3-PD Akt SV flgleH, dAZYAE
9] ZAfolle vl 100 ATt o)} A&AHo R FTAES &R
AR AR FEAE w2t FUheA 714 &R 2 1,3-PD
A &5t aEe 5 /R FYAE s ST wE
1,3-PD A4F A7 BT S84 oA npiriA 2
w22 Mz HIFHME Ul ETEl g 1,3-PD A3
A2 FEHA ¢9kom, Fig. 37 Fig. 4014 He nlel 23]
] &5 SIS HlE ERHY 1FES FFYANE AR P
1,3-PD Aite] 7hsstE g HAEEA] g2 ASTAES o)&
S 1,3-PDY Aol Hoh a8 dS & 4 Stk ARRE ORI
F 55 HuS ul, K pneumoniae DSM20269 HI3|| K.
pneumoniae DSM479994] 1.5~24] %2 1,3-PD A4k e}
Wolon, o2 E8) 1,3-PD A4t 452 K pneumoniae DSMATI9
7} Boh Agsicka Alg 9k 1,3-PD gaol s AatE 1,3-PD

1,3-PD A2t aspx oz ARgHold £
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Figure 3. Comparison of 1,3-PD production and glycerol consumption
with pure and crude glycerol by K. pneumoniae DSM2026 in semi-batch
cultures.
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ETEY FYS dolRith AF A, IEA ERoA HE
PHEE AHES S =5 SYAE vIE L1254 g
1,3-PD Z71S YepgioH, ol& 53l Hlo]eud Fakeel
HEFgAEe & SFEAERY 2959 1,3-PD A 71E =29
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3] 30% S71E wHA, 1,3-PDO] AJAtEkRe FRF2vF AL
A ghe wjddo)A 1.3~294 A= F/ = Ak =S 1,3-PD
HE FAHEQ] 2,3-BD At 2RI H7M] 6~9 glL7HA|
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cultures.

& A

A7 oA Pel T
o slal ST

A7) EHEAE ] A<

REFERENCES

1. Lee, Sun-Gu and Sunghoon Park (2006), Industrial biotechnology
: Bioconversion of biomass to fuel, chemical feedstock and polymers,
Korean Chem. Eng. Res. 44(1), 23-34.

2. Ministry of Commerce, Industry and Energy (2005), Industrial
Biotech-nology : Current Status and National Policy for its Promotion.

3. Kim, Seung-Hwan, Se-Jeong Kim, Kun-Gyu Park, Sang-Ki Rhee,
and Chul-Ho Kim (2002), 1,3-Propanediol fermentation using the
by-proudcts from fat industry, Korea J. Biotechnol. Bioeng. 17(3),
255-260.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Elm, R., Falbe, J., Hahn, H. D.,

. Besson, M., Gallezot, P., Pigamo. A,

Korean J. Biotechnol. Bioeng., Vol. 23, No. 5

. Wilke, T. and Vorlop, K. D. (2004), Industrial bioconversion of

renewable resources as an alternative to conventional chemistry.
Appl. Microbiol. Biotechnol. 66(2), 131-142.

. Zheng, A. P. and Biebl, H. (2002), Bulk chemicals from biotechnology:

the case of 1,3-propanediol production and the new trends. Adv.
Biochem. Eng. 74, 239-259.

and Gelbke, H. P. (1980),
Propandiol. In: Ullmanns Encyklopddie der Technischen Chemie,
vol. 19., Bartholomé, E., Biekert, E., Hellmann, H., Ley, H., Weigert,
H., Weise, E. (Eds.), Verlag Chemie, Weinheim, Germany.

and Reifsnyder, S. (2003),
Development of an improved continuous hydrogenation process for
the production of 1,3-propanediol using titania supported ruthenium
catalysts. Appl. Catal. A. 250, 117-124.

. Knifton, J. F,, James, T. G., Slaugh. L, H,, Allen, K. D., Weider, P. R,

and Powell, J. B. (2004), One-step production of 1,3-propanediol
from ethylene oxide and syngas with a cobalt-iron catalyst. US
Patent 6750373.

. Chaminand, J., Djakovitch, L. A., Gallezot, P., Marion, P., Pinel, C.,

and Rosier, C. (2004), Glycerol hydrogenolysis on heterogeneous
catalysts, Green. Chem. 6(88), 359-361.

Wang, K., Hawley, M. C., and Deathos, S. J. (2003), Conversion
of Glycerol to 1,3-Propanediol via Selective Dehydroxylation, Ind.
Eng. Chem. Res. 42, 2913-2923.

Laffend, L. A., V. Nagarajan, and C. E. Nakamura (1996),
Bioconversion of a fermentable carbon source to 1,3-propanediol
by single microorganism. WO 9635796 to E.I Du Pont de
Nemours and Genencor International.

Xiu, Z. L., B. H. Song., Z. T. Wang, L. H. Sun, E. M. Feng,
and A. P. Zeng (2004), Optimization of biodissimilation of glycerol
to 1,3-propanediol by Klebsiella pneumoniae in one-stage and
two-stage anaerobic cultures, Biochem. Eng. J. 19, 189-197.
Németh A., Kupcsulik B., and Sevella B. (2003), 1,3-Propanediol
oxidoreductase production with Klebsiella pneumoniae DSM2026.
World J. Microbiol. Biotechnol. 19, 659-663.

Ying Mu, Hu Teng, Dai-Jia Zhang, Wei Wang, and Zhi-Long Xiu
(2006), Microbiol production of 1,3-propanediol by Klebsiella
pneumonia using crude glycerol from biodiesel preparations.
Biotechnol. Lett. 28, 1755-1759.

Cheng, K-K., Ling, H., Zhang, L., Sun, Y., and Liu, D. (2004),
Effect of glucose as cosubstrate on 1,3-propanediol fermentation
by Klebsiella pneumoniae, Guocheng. Gongcheng. Xuebao. 4(6),
561-566.

Zhang, J., Zhao, H. Y., Liu H., Xiang, B., and Liu, D. (2002),
Fermenting production of 1,3-propanediol by using glucose as
cosubstrate. Modern Chem. Industry 22, 32-35.

Rush, F. E. and Lin, E. C. C. (1975), Independent constitutive
expression of the aerobic and anaerobic pathway of glycerol
catabolism in Klebsiella aerogenes. J. Bacteriol. 124, 348-352.
Abbad-Andaloussi, S., Guedon, E., Spiesser, E., and Petitdemange,
H. (1996), Glycerol dehydratase activity : the limiting step for
1,3-propanediol production by Clostridium butyricum DSMS5431.
Lett. Appl. Microbiol. 22, 311-314.

Abbad-Andaloussi, Samine, J., Gerard, P., and Petitdemange, H.
(1998), Effect of glucose on glycerol metabolism by Clostridium
butyricum DSM5431, J. Appl. Microbiol. 84, 515-522.

Syu, M.-J. (2001), Biological production of 2,3-butanediol, Appl.
Microbiol. Biotechnol. 55, 10-18.

Biebl, H., Zeng, A.-P., Menzl, K., and Deckwer, W.-D. (1998),
Fermentation of glycerol to 1,3-propanediol and 2,3-butanediol by
Klebsiella pneumoniae, Appl. Microbiol. Biotechnol. 50, 24-29.
Huang, He., Gong, C. S., and Tsao, G. T., (2002), Production of
1,3-Propanediol by Klebsiella pneumoniae, Appl. Biochemi. Biotechnol.
98-100, 687-698.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


