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SYMEZTE 1,3-PDS AAs] sk A2, F7] 9 57] 27, Wi E, SEAE B, pHel
,3-PD A v w s FEl A az2s 2hA} SIQIT). K preumoniae DSM4799% 87132713 371/37]
297 wjokS 3 Ax), P17 o &B&FQ 1,3-PD AAko] olFol Rt ulk L5 26~37 °CE H3IAI7IEA
Hjekst A3}, 30~33 °CollA] 2 1,3-PD AAHIS HERIRL L, SEAIE s SEAIES] S5l d3sle] 60 gL
dellA w522 A48 9 1,3-PD Aibo] AsliE]s S dEE 4 Qg HEEME AMAL & SEIAIE] v
3] 7] 1,3-PD AR ZhAsii o, 48417 Foll= 238 o] %2 $9] 1,3-PDE Attt A1 H‘*j
ZEAE SEF 40 gL oletE 28sFHA pH 28l e 1,3-PD 4 ‘F/\]'Efl WH3lE Ao Ay, pHE

o7 FANAE Wl pH 222 1A 9 AR 25% I 1,3-PD 8-S UERISITH0.56 /g vs. 0.45 g/g). li
ATE B3| K. preumoniae DSM4799Z 0] §-5}0] 1,3-PD AJAHA] 6371574 2E 30 °C, £F K HZYAE
40 g/L o]—g].’ pH ZA =9 HHokzﬂo] X‘]’G]—B‘]—O o]- g olo% ou:] 5]x4§]_g Hljek Tg__ =3l Ko} 71a7A3AHo] 9=
AE3TA 1,3-PD Aile] 7Fsd 21 o= T

= AT %*E] A7 P8R K. pneumoniae DSM4799& ©|-88t0] = S|AIEY =] viol et ik
A
X
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Abstract — To improve the productivity of 1,3-propanediol(1,3-PD) with K. prneumoniae DSM4799 using pure glyc-
erol and crude glycerol derived from the biodiesel process, optimizing fermentation conditions was performed by changing
environmental factors such as anaerobic/aerobic condition, temperature, glycerol concentration, and pH. When anaerobic
conditions were maintained, there was an improved 1,3-PD production compared with that from aerobic/anaerobic 2-stage
fermentation. From the results with temperature 26~37 °C, the higher 1,3-PD production yield was observed at 30~33 °C.
For an initial glycerol concentration higher than 60 g/L, cell growth and 1,3-PD production were inhibited. When crude
glycerol was used, the initial 1,3-PD production appeared to be inhibited. After 48 hr of incubation, however, 1,3-PD pro-
duction with crude glycerol was even higher than that with pure glycerol, demonstrating the feasibility of 1,3-PD produc-
tion using crude glycerol as a substrate. Fed-batch fermentation was applied for the high concentration of 1,3-PD without
substrate inhibition. By regulating pH at 7 during the fed-batch with glycerol lower than 40 g/L, the yield of 1,3-PD was
25% higher than that without pH regulation(0.56 g/g vs. 0.45 g/g). In conclusion, based on our results, anaerobic condi-
tions, temperature at 30 °C, pure or crude glycerol lower than 40 g/L, and pH regulation at 7 were the optimized conditions
for 1,3-PD production using K. pneumoniae DSM4799, making it more feasible to produce 1,3-PD at higher concentration
and a lower price.
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1,3-propandiol(1,3-PD)i= 22 Z2| E-|wWE#l HE I 0| E
(polytrimethylene terephthalate, PTT)S] THFA|= o] 22 4= Qli= &
Q3 Bdom, 58k sPE, 25, AT, S8 B gJokole] ¢
B2 HZ Ag3kE o] 57 ¥ 1 TH1,2]. 1,3-PDE acrolein
oJit ethylene oxide®E] 31814] gl Sl Ak ar Qlom,
SUAERTE SIS o] 835 1,3-PDE A¥shs A7 2
B AL 3,41, “1e o2 gk spekd AT FE ey
2N el SSEAE AREBRL, W - E(5~15% wiw)dt
TJ0] 1,2-propanediol(1,2-PD) 5 o8] FAHzo] =2 A= o] 44
7] A A8oll ool IHH5,6]. WhHell A4=8H4] 1,3-PD
AL A2 2ol HlwA AL oUAE AREE
&2, Aol a1 s R sk A o WA FEgh 31814 Aol Hls) 2
S Yehdls o] 9lo] #HT B2 A77F A=A QITh2,7,8].
1,3-PD Klebsiella pneumoniae, K. oxytoca, Enterobacter agglomerans,
Citrobacter freundii, Clostridium butyricum 2] THFS v]AEo]
93l 371 9 ulhd7] 21 A= [2,9], DuPont? |2} Genencor
ARz dAFE S ] o] 8ato] ti O R E] I o] RS
IERE] 1,3-PD(135 gL)E AAlshs 7S JEsk )= ekl
[10]. 18} FE71A S d5o® yirgo] opd HEg| ey 2
- HEEA 78S AEE olfstE e At @] XEE L gl
th7,8,11].

T vjo] @ T) A (Fatty acid methyl estersy> 3231318 0] 31 24y
7hset giAldEe] S 0% it W Bgo] s Sk it
vlo] o) AS ks ol AL o] 10% 9] sk
FEAlEe] FAHER Ak qlom, SRS FuE el
w2} 2006110l oF 2.5 cents/IbZ 712 o] sHFEQITH12). =E|A
E2 1] AUXAJ(US DOE)ONA top value-added chemicals® 41
e oA et 7 i, 24 sl duEdEA
AR TFsAdol oA NhE, B A O doiE Blow
A3 JrH12]. FUelAE vlo] er]Alo] & 208HE AYAME 1 Q)
om, e AUl =97t STRE R0 R odE = v, AER]
A=ZgAEe] &= 7ol Fast Aol

2 A o] M Aol o5, K. pneumoniae DSM4799% ©]
43t0] 1,3-PDE Aibshs A d2HES By 71ARE AREA
= A Asligl 1,3-PD Asi7E gl Aol S ATH13].
AFeM= B B714 vIRAERD K preumoniae DSM4799% ©]
g3t =7 SEAES S el o)A A ellA] iAlE o)
SEAEENE 5 1,3-PD2 Ak ERE] 98] wad
= Akl A71x13 371/87122 29 wi ek, vk &
%, ZEAE] 5o uE 13-PD S 3EA Ua s T
Hlasiglon, 7k wjkell pH 2ol whE 1,3-PD AHdS
welol H2e] Wik At sl

2. M= H Yy

2-1. @ 3 K]

2 Ay A AME-E T K preumoniae DSM4799% German
Collection of Microorganisms and Cell Cultures(DSMZ, Braunschweig,
Germany)ollX 71311 01, DSMZeA Al g8l SHljokg- vjjx] 2

Table 1. Composition of crude glycerol from biodiesel process”

Crude glycerol
G-SO(from Soybean G-WO(from waste

Composition

[wt%o] oil-based vegetable oil-based
biodiesel production)  biodiesel production)
Glycerol 79.7 70.7
Water 0.1 12.5
Methanol 0.3 6.7
"MONG 169 9.7
Sodium(Na) 1.4 0.5
Magnesium(Mg) 0.0002 0.005
Potassium(K) 0.007 2.7

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

Hl2= (26 °C)ell whet 6AIRE BRI 5, 25% SejAlEo] 23
AJE)E —80°C WEarel] RSISic. 1,3-PD AARS S8l AR
x| 9] 2432 55745 11 5 g K,HPO,, 3 g KH,PO,, 2 g(NH,),SO,,
0.4 g MgSO,7H,0, 0.1 g CaCl,2H,0, 2 g yeast extract, 0.5 g
peptone, 0.3 g beef extract(Difco Laboratories, Becton, Dickinson &
Co., USA), Pl 2[14] 1 miE 710t §adogs o5 2
ZME(. T. Baker, 99.9%)} &Z2] FullE AR nlo] o)A ¥
ol LA HEeAlE 7S vle] e u A ARIA| 2 e A
ol ARSIt FRE AREE vlol et kg oA Y
o HAIZYMES G-SO, FAA 8 e FSYAES G-WOR 7}
7} vgrgaol om], A Table 101 VERAITE AR Hl S 2] AlE->
500 g/L 552 stock solutiong THE1l FA| 7Y glo] Hitstod]
wegalel] 24 2eHE SR Sl At

i

2-2. 3FA] HHQUHERH
= AZ = 25% ZRMIEC] TAAZ K preumoniae DSM4799
50 mL FHjEE w1641 B3 seed BT, 57)/
H7] 29| wjeke] 7, AR 50 mLo] E8E 250-mL 412
Zepao) 2.5%(viv) AEsHL 6417F 2k 30 °C, 120 rpmellA &
71402 a9 (preculture)sHATE. ©] - ks Hidt serum
bottledll &7 T F St JEIE T8k o2 7pAE Bojdo

| o2 o

=
H71x31e Bk v aFeble 5l Aow et

-, 125-mL serum bottle®l] 50 mL AJAHIA|E YL
o}= I 7IAE BIAA A7 23S vhEleH, e P
o} &7l flow WEslo] autoclavest it o] §- AujE o
T5 2.5%((VIv) FESIAL 24~48417F 53k v et =5 2 Al
23} A2 MBS Tt vk ms A3e] HAe we) thekst
Al WA R 871/57] AdEel] W 1,3-PD kS BlwAlofl=
HiQF 20A17F $ 20 o/l SRIHNES X7k WEelE-2] Hieks st

St

2-3. Q7! HiQUElH

712 a9k 3 L @& % (Fermentec Co. Ltd., Korea)ll 1.5 L
©] working volume® % A E|{v}. Hg 2o} wjA| & Eareh &, F
713223 WHE7] 18l FEEE ol2t g FAIE e L)
el K. preumoniae DSM47999) 5%(viv)E HAE3IAT) 27 &
YAIE S 40 gLE 2T 30°C, 125 pmellA] Hjksl3
ok f71A ok B2t 600 g/l FEE MBS FTIste] Wik
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o] FEAZ FEE 10~30 gLz FAEICh pHE 5N KOHS
AHESI] 7.00.2 2438l o, AkslEhelxd 9] (Oxidation reduction
potential, ORP)= A&7} F29I¢10] —150 ~ -450 mVE A =31}

2-4. A

T2 52)2 UV-Spectrophotometer(UVmini-1240, Shimadzu,
Japany& ©]€3}9] 600 nmellA optical density(OD)S =743k Th.
AF T HjFNS 16,000xgolA 10527 A4 Fel st F 45ds 3
75191 0.2 pm ZE(Whatman)= 075t Se]AlEw} A 2
S ST SIS 7 242 Free glycerol reagent
(Sigma, USA)E ©]-8-5}%1 11, 1,3-PD, 2,3-butanediol(2,3-BD), acetate,
ethanol= B4 0] 23} AE7](FID)E 423t Gas Chromatography
(Shimadzu, GC-1200, Japanys ©]-838to] 41313t} 24l HP-
INNOWax(Agilent, 30 mx0.32 mmx0.25 pum)> ©|-&31331, FY5
L 200 °C, HEY 251 240 °CE FAEIoH 0F 2n=
7] 50 °CellA] 30 °C/min® #F 240 °C7HA] S7HAIZIT}. Carrier
gas® A4 7IAE 28 mL/min®] F550% FRI5I3T

3. 97

3-1. &7\ E= 37| =0 E K. pneumoniae DSM47992]
1,3-PD At H|w

K. pneumoniae= 3712 Z7lolA o Aol w231, 714
ZAANE #F A =27 1,3-PDE AIER 3714 %
A7 F714 23 ekl AR o] &5k 2t wljoko] dtE np
ATH 14]. 3FAIRE, o] gt 29HA] vk A Tl 371
o A7} 25 E = Wdo)] Qlor e §71H 1S FAIshEA
1,3-PD AAHIS o= Blo] o ul]siet. ool & Aelx=
S71/84719] 29 ek} E7) wjekell whiE 1,3-PD AAMS vl
slo] ®okeh 71 A3} Fig. 10014 Bz kel o], 7= wljFet 73
T, 20A%F ERE 3717871 29 A] wik(10.6 gLyt F71 ulFellA
9] 1,3-PD AR fARSISITE. A 20 gL SElA1ES ©f 37F
SRR AR o, AUk & A9 201/87] 29 Ml
OFRT} 34% S8 22 ¢/L9] 1,3-PD7} AT L) 2 A Al

25
mmmm Aerobic/anaerobic
C— Anaerobic

20 1

15 1
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Fig. 1. Effect of aerobic and anaerobic conditions on 1,3-PD pro-
duction by K. pneumoniae DSM4799.
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Fig. 2. Effect of temperature on (A) product concentrations (B) cell
growth, and glycerol consumption by K. pneumoniae DSM4799
at 48 hr

A el wke} 7o) K. pneumoniae DSM47992] 73-%- &7] wljoF
Z10141 1,3-PD Ato] o] 9ahe, B ArRlelA] Bargh wie}
o] FFIAE A7l & 4% W 23411 1,3-PD AJile]
O]FoRX B2 [13], &F AT K preumoniae DSM479E ©]-83}
o] FEMES B 714 ol &sto] P717 ek s3Il

3-2. 201 2 1,3-PD it

1,3-PD A3Aks F18E 2 0] 12 22305 37] 918l 755 K. preumoniae
DSM4799% Wi 26, 30, 33, 37 °CE 4814 271 A
= 55 40 g/LOR §7] 207 3|84 wjokslint. 1 A9 Fig.
29} 7o) 57} 26, 30, 33 °CE 7} 1,3-PD Atk 22
AE rgo] 234 S7Iglth Hh, 37°ColMe= 2318 1,3-
PDO] Aol AAEglon, the &5kl Hlsl Y2 vidE v
(ODgy=3.4)8} S+ FEAIE ARHS B3t & AFolM: K
preumoniae DSM4799& ©]-8-3+ 1,3-PD Akl 30 °C2} 33 °Col|
A9} 1,3-PD &0 AR WO R ofuA] 20l 58 1w
&0l 30°C7} wjoF 2 At Aow Sk

3-3. & 2EME S=0l WE 1,3-PD M4 H|w
1,3-PD AikS 913 #H o] 7| AF e 220E 2] S8l AahaR)ef
27 YA FES 20, 40, 60, 80, 100 g/LE 212} H7late],
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Table 2. Effect of glycerol concentration on K. pneumoniae DSM4799 cultivation at 24 hr

Initial glycerol conc.  Glycerol consumption 1,3-PD Productivity *Y pp

Glycerol (L] [gL] (L] [g/Lh] (molimol) pH ODan
20 20.0 7.6 0.35 0.52 533 43
40 39.5 14.0 0.59 0.44 5.12 42
Pure 60 322 11.0 0.47 042 5.47 3.7
80 17.4 7.1 0.32 0.53 553 25
100 103 43 0.18 0.50 5.67 2.0
20 19.6 78 0.29 043 5.85
40 26.9 8.0 0.33 0.36 6.03
G-SO 60 343 8.7 0.36 0.31 6.14 ND
80 24.8 22 0.09 0.11 6.97
100 27.8 0.0 0.00 0.00 8.72
20 20.0 73 0.36 0.52 5.92
40 342 14.4 0.60 0.51 5.88
G-WO 60 337 112 0.46 0.40 5.77 ND
80 22.0 5.1 0.21 0.28 571
100 47.8 52 0.22 0.13 5.98
*Moles of 1,3-PD produced/moles of glycerol consumed.
FTND: not detectable due to the turbidity caused by crude glycerol
30 °CollA] 48A17F ¢t A7) o7 FE-2) wiekslqitt. o A}
- - 60
Table zﬂ' ZELO] JZJ] 20; 40 g/L‘O/l %E] }\ﬂ%_e_ XJ7}’§J_— 76]_?‘, HHOO]: 24 EE Pure glycerol (A)
AIRE B B ARE e 747 7.6 g/L9t 14.0 gL 1,3-PD7} o] == G50 N
o 1 = G-wo -
ARSI, FEAE ST 20 gLok 40 T HVRE A 240 =
F oDe ¥ Aol7} AR, 1,3-PD 519} AAM (productivityy S 2, _
- - =]
Hlwshd 40 g/LE H7FeIs 749 2ok 234<1 1,3-PD Bl :,._
& & 5 Slth(Table 2). WH, 27] SEAIE S5 60 gL o1 2 301 M
< A7KE B9z 40 gLE VK A9k wlwskd 244178 vk z
% 0D, 1,3-PD &%, A, & FollA] vk Ak vehiolnt g 21
(Table 2). ©]+= SYAE F57F 60 g/L o141 A% o+ A4 ©
1,3-PD AARS A3lab7] wjizel 2107 Azbec ZEAlE 60 g/L 7
£ ket A, aEE SEAEe] disl) 4-8o] o]Foizl 48117k ,
Foll= ZFEAE 40 gL A7t AR} 13-PD 57} 2.5 gL 2 M A % 100
F& Zlo] AFGI o, 80~100 gL H7Ht 7-91= 60 gLl A5 Initial glycerol [z/L]
BT} 1,3-PD 557} W THFig. 3). Cheng S[15] 3714 =019 &
7173 Z7A K. preumonia M5al ©]8-810] ZEAIE w71 40 0
LT} 32 9 mAE 4 2 13-PD kel AsE Frha v B Pure lycerl (B)

1,3-PD concentration [g/L]

4
|
I
I

18 4 C— G-SO
sl o, oli= i 2§ o] Ay} fAlskch B, Cheng 51519 | =——ve M M
Azl Jaha F714 A= 110 gL o) SHAES H7)5h
A% n AR o] ek AsE9a, E7)Z2AME 133 gL o) 41
ZgollA b A= it & AP ARE B W, K preumoniae £ 7] M
DSM47992 0|88+ F-8291 1,3-PD A YJall-= 40 g/L o]8k 107 o]
o] FEAE F7F A9 Zlole} ket Bg, wijek 2710l a1 8
T FYAMES HIM #F el ASE = 71 A 6
(substrate inhibition)”} LA UTZ | 5712 (fed batch) HiFS- E3+ .
IEE 1,3-PD AAke] wiekAlstt, |

0

40 60 80 100

34. HZZMZE S0l E 1,3-PD 44H H|W

2 ATE 0“1\1 H gt vpe) o] [13] 7]'7]' e d5E o)gst ot Initial glycerol [g/L]
ol Frgelx ke 2 AE(G-SO, G-WOyS o &3S 3. Effect of initial glycerol(pure, G-SO, and G-WO) .

o . w o g. 3. Effect of initial glycerol(pure, G-SO, and G- concentra-
By A= ARl g Sl wmEell @ 1,3-PDE) A tions on (A)glycerol consumption and (B)1,3-PD production
S7F AR 9ok, 23818 £ SEAES ARES 759} v by K. pneumoniae DSM4799 at 48 hr.
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WA] 1,3-PD Bio] Tk s Hler R, nloler]Al A
A FARER AFEMES AAESle] 1,3-PD ke 7R ALE-
7Veee & 4 lrh 2 A3eM= 1,3-PD AAES 213 4 <) o)
SYME FE 208 2, & SHAES AR S A9t v
wal7] {8 kel 7] HEMES] SEF 20, 40, 60, 80,
100 g/LE 217} 7Vsted, 30 °CollA] 48 A7t &<F = K. preumoniae
DSM4799% 7] wieysisict. 2 A Fig. 32 o] £7] 20, 40
gLo ASTAE G-S08t G-WOF 247 H7Fet 24 ek 48413F
SR B AREAL, SEAIE 20 gLE 4581 9~10 gL 13-
PD7} A4S, SEAIE 40 gLEHE] 17 gL 13-PD7F At
otk 7] AFYAE FES 60 gL o HVsE A= F9A
=] o 2REA) o9kl 40 LS 7St 739-9h vl 244
7k wlloF 3 1,3-PD %, productivity, 5% 5ol $-& A¥E 1
ERUIITH(Table 2). 0= 22IAIE S5 60 g/L o140 A9 H52]
%71 A7 9 1,3-PD RS A3l ] Wil 0% AlsEH, o]
= A Aet 1 5 SEAlEel g AaEd fAR
=5 BN S rT IR E 5% ZE|A|Z] Tl 2]-20] &
W Sofl= ok 4847 3) 1,3-PD 557} S71sh= o] B9
UhFig. 3). 40 gL o132l FleeAllE G-SOE ARE-EH 4-9+= G-WO
S AREE bR} 1,3-PD %, productivity, 50| WS- ¢S
131 o v (Table 2), G-SO° 28t 1,3-PD A4+ A&f| &Ale F2]Al
& 5571 80 gL o)dRl A9 ¥ AAskA = UCKFig. 3). #
=P AlEel 2§k 1,3-PD AAF A3l7F QA dokrr] SJs, HE
AIE Fxol I 1,3-PD At FTF o SFEUAIE ARAL A
2F 1,3-PD 52 o] AtiFRl #hs vlweksickFig. 4).
ZFEAZ G-SOS AHEFF 3¢ 244178 |jok 5 4= FEAES A}
23 9K} 25-70% 79 1,3-PD 555 eERARE, 48417
e Folli= o SEMES AMESE ATe] 76% o) dol A, =
YAIE FE 40 gLolde 23818 o % 1,3-PD AikE BT
HZFEAE G-WOE AR 9ol 24413F vk Foll = 80 g/L
SEAES RS B-E ASlslae &F SEES AR 3
-9 GAFSAL B AR 1,3-PD AARS B 0T 48417 wfjok
FollI= vzt A eI Fig. 404 Bz vle} 2o, 5
=EAIE G-S0°l| 28t 1,3-PD A Al SEAME s=7} =0t
AFE o o] Yeton] G-wog 9= o5 SAES A}
3 4R 0358 B U 1,3-PD AR Bt A2 AE
AFRA] B3 1,3-PD RS HOl o] f7 FFEE AL, H2T
AlE(pH 10~11)°ll =] Sl e Aiso] wld 5 28t
= pH AE S3AA v8E A8 1,3-PD kel A3tet 208
ZAF7] WiEQl A o7 Rt olyEt HFEHES] pH T &
S}a = Table 204 % ERIEE 4= §lom, Kot Biebl 516]°] AT
of| 23] pH7} WolAFE 1,3-PDS] Artego] wolx]i= Zlo] wate
vl HZEAE AREC 7 218 1,3-PD AL ke HlZE41E9) pH
7 el ZyRl Zo® f5Ent £ AFS 3, tE vloler
A ZAof|A Arke HFEAE G-S0%+ G-WOE 1,3-PD ik U=
F AR 7Feshs 918t 4= 9l oM, Fig. 39 42] AWENE ZElA|
E 40 gL ol st 7R Ajteks o 5 olth

3-5. pH Z=H0|| [}E 1,3-PD M4t
b Axtel| oJsPd K. prneumoniae DSM47995 2 AREA]
"7 24, Wl =% 30°C o), = SEAE e d2TA

sletgst Ml47H Hl6= 2009 128

J2- . t§?_1 . 0‘401

O
ey

2 hr (A)
1 48hr _

0.8 4

0.6 4

from crude glycerol G-SO
J

0.4 4

0.2 4 I
0.0 T T T T T

20 40 60 80 100

Glycerol (g/L)

Relative 1,3-PD concentration

[ - B
[ 48 hr |

1.2 A
£o []
£ 104
£2 _
= O
W —
22 0s-
$g
2%
e 6
n T A
- £
g <@
€5 04
< &
&

02 1

0.0 ‘ . . ‘ .

20 40 60 80 100

Glycerol (g/L)

Fig. 4. 1,3-PD production using (A) G-SO and (B) G-WO relative to
that using pure glycerol.

30

Z 40 g/L ]} 52 vjokzo] 1,3-PD Akl Agele & 4=
o} v BE g el pH 240] T8 Hpo|mg, SEME 5
TE 40 gL olatE fA8hEA 1,3-PD AAEES S7HA17)7] 918
F7HA Heke sl an, wra Fol A pH ZEH-5oll W 1,3-PD
gl Aol Wsl S yslQiTt. Fig. 5olA] vhERu k= ukel 7ko], pH
S A %E A, vlo 30A1%F B3t pHE 547H4] §43] Ut
obxlom, 40 gLo SAIEe] AY BT AREWA 1,3-PD7} 15
g/L AAFEIQITE 1 7 20 g/Lo] SEAHIES U] AIsIAE A
2EEH] EIaL 1,3-PD ARFE O o) TFekA ottt ®E
A pHE 7.00% ZHFANES 9ol ek 30A1%F Ao F, 27
F9E 40 gL SYMES BT A58 16 gL 1,3-PDE A
akel9an, o] & H7bd ZElMEo] AREWA FF 1,3-PD7} 62
g/L A E|QITE, Bgk pH 2] wljek S7AIRE A} § 80] 0.56
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Fig. 5. Comparison of 1,3-PD and by-products concentrations (A)
with pH control and (B) without pH control.
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