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ABSTRACT

Development of Process for the Production of
1,3-Propanediol and Organophosphorus Hydrolase

Using Recombinant Escherichia colr

Min Kyoung-Du
Advisor @ Prof. Lee Jung—-Heon Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

Developments of sustainable technologies for the production of renewable
materials from agricultural feedstock are rapidly growing issues due to
upsurging oil price in world market. More than thousand tons of polyester are
produced every hour in the world and polyethylene terephthalate (PET) occupy
the major fraction of this amount. 1,3-Propanediol (PDO) is the key intermediate
for the synthesis of PET. The recombinant £. co/f produced 1,3-PD from glucose
and the production of 1,3-PDO was increased with feedback glucose
concentration using fedbatch fermentation. The maximum 1,3-PDO concentration
produced was 43 g/l after 60 hrs fermentation. The glycerol production was
minimized by controlling the glucose concentration less than 1 g/L.

The development of a fedbatch fermentation process for the production of
organophosphorus hydrolase (OPH) by £ /i pET812 is described in this
manuscript. Originally, the maximum OPH concentrations attained by batch

fermentation were as low as 4 x 10° U/l because cell growth and OPH

- VI -



production were inhibited by a high concentration of initial glucose. To develop
a fedbatch fermentation process for obtaining higher concentrations OPH, highly
concentrated glucose solution (500 g/I) was added intermittently or continuously
to increase the carbon source concentration. Eventually, 32 x 10° U/l of OPH
was produced with fedbatch fermentation in 24 hrs. This was 8 times higher
than that with conventional batch fermentation. A total concentration of 399-441
mg/l of OPH was produced, which was 4 times higher than that reported
when using Z£. co/i. Nearly half (44 %) of the produced OPH was secreted into

the culture solution.
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A1 A" Axdd dFdE= o

1,3-propanediol (PDO) ABA¥A 7|t

o

I-1. A &

H 5o BAAA FAY FA Aol o] WA AL el og ALk
TRl Z+B}E W Y, I T glycerol A Sk ¢ 1,3-propanediol A AFo]
A tF=E 9l oo T3t = 19813 August Freundol 93 xS AL
RAARE A A, to] K4k AAASE, SET E2H T ol folrt A
&AWk o] F ] 3-propanediole Z o AHEZ, ZEoH =2, Zg$uegata e

F TS ol FTHES AT dFARE ARE o AdSo]l HEAWA B
Ax7t AgEm Yok ggAz A e Zgxagy Ed4 9 1,2-propanediol,
butanediol, ethylene glycol® W& A& T3 F5 NS YEE
Wtk olyg}l polyglycol-typed] & 249} & v

71Ee FEARE AAabs Al WHE Foto] E2el
1,3-propanediol& §Adsto] Aiksto] shvh. o] ¥ gk ekl FAHS A a2,
) QF3le] 7 A A9 1,3-propanediol At AHEo] Hol grom w3 A

Fol e HAVES dAste AowE dHA g

1998 " =1 9] & (DuPont)Abe] A3 & H(yeast)7t XEdS
AgsdS e, A 224" NI (ZE co)s ol &3t xEHol {FUAF
(organic acid)®} &3 & (alcohol)Z W35 = A& Zolu 2t} (Figure 1).%
olgA Md AT & 135 g/L, A4 35 g/L - h, 1Ea TEGOoRHE A
TE&2 oF 51 %2 13-propanediols& A4HE = JSS ¥tk A4k 1,3-propanediol 2}
TPA (terephthalic acid)E ¥ AFA|# PTT(polytrimethylene terephthalate)S 4
F=d AFgom, o2 Sorona VEtE o]E o2 Hulsta )

g



Glucose

Glyceraldehyde—+«——— Dihydroxyacetone

3-phosphate

phosphate
i GAO1 | glycerol dehydrogenase
{ Glycerol-3—-phosphate
Pyruvate a2 | 9/veerol-3-phosphate
— | phosphatase
Succinic acid l Glycerol

1 ahaB(1,2,3] | glycerol dehydratase

Lactic aci ‘d/ 1 3-Hydroxy-propionaldehyde

' Acetic acid ahal | 1,3-propanedioldehydrogenase
Ethanol

1,3—PE6panedioI

Figure 1. Metabolic pathways from glucose to organic acids and alcohol
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14k © 2 1 3-propanediol A4+ 31824 (acroleine®] 4243}, ethylene oxide9]

=
T2V, RWESH (Clostridia®y Entrobacterias °©) %3+ glycerols a3

o

Y

Clostridium strainsg ©]-43t°] co-substrate® sugars® glycerolE 2a A%
WRiol o] & ANk A} kA el WA AETH W or A FAo] Ag
93 o ch 310
A Z7A Ri® 13-propanediol A2t A7 A}TFE ww AT 10~20 g/L
2oukgtn w9 A gSs =9 HE
Aol vepuy, FaAzte] AristE s B4R (g/L/hr)o] @ol "Holxt. ol &
Bestr] Y& 2 AFeAE A As7E §lol 1,3-propanediols AAF & 5 9=

AWo] TFE o] &3 {714 wFFAHS T3 1,3-propanediol 2 Z7S 2zt

i
2

{0

sk

T T T b AR AluEHe 27HA WHHE AdAse AT E
2183t Tk pHE controldl”] 918 # Y ¥ NaOHY 3 wl#sle] ¥ =FS F3=
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I -2 A8 2 v

21 o5 W ¥

211 ¢ % B2y

2 AFoA] AMEe i E §AA AEZFE £ o (C]-PDO, CJ-U26)S AHE-3F5 o,
od ok A wfR|o A 37ColA 150rpmoll A 8] %3le] long—term stock solution(wf koY
IntE F38ke] 12,000rpmell 4 10mint AR E2E A% §F F5A4S v 09 %
NaCl €9 ImEs ¥ & HdojFth AFAAES 23 AA =578 Axxt A &
0.2ml ¢l LB medium< H7}ska, 50 % glycerol 0.8mE ¥ i & wwre] =th)o g
A Ztsto] ~70Co| Hykstw F wj ol AF&5kA

2.1.2. wiA =4

ol HA A 21E dotRy] 98 dA wiA 2L £ o] HA AL wiA =
A7 LB medium (NaCl 1g, Yeast extract 0.5g, tryptone lg of deionzed water 100ml)ol
F7HH 0 2 glucose 1~5 g/L9} glycerin 1~5 g/L& #7Fste] #Fo H4 A% 2045
2} stk ek A A ZE ampicllin (100mg/ml), kanamicllin (50mg/mé)S A}

H

olo W
ol

i}k ampicllin (100mg/mé)& ampicllin sodium 1.0gS =¥ deionzed water 10

WS Yol AAEFA xA F 02 filter® olEHE S AAGGT. 29 oS 1.0mA
Fstel 15m tube Hir -20Co] WerA 3sto] AFE-SEATE kanamicllin (50mg/me)-
kanamicllin sodium 0.5g& #3dte] & WHo = Axsto] ALEsA F59 A
%42 Table 1] e} 9t}

2.1.3. vl W

300m¢ AHztE k2] 100mee] MRS ¥ar 121 ColAl 1583 Htd F clean bench
oA MjAE WzkA7]H, UV(Ultraviolet @ AF]X)E zolZ o 24 A48 Hit

100m¢ A=) il Lejsy § A4 ampicllin (100mg/mt) 0.1m¢, kanamicllin (50mg/m0)
0.1mE ¥ F FTS PFAL 37CIA 150rpm = WHkA 7] WA 24hr v 95} 9]

2 N7 F
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214, A U

79 AAE dolr ] 9ste] 2hr A0 E Samples 3 &, &334 %7 (Shimadzu,
UV-1201)E o] &3l 600nmolA A 3atAl 3]418ke] cell optical density (BH%)E& =4
s ot

2.2. 1,3-propanediol 4 %7

22.1. Aok = 717

Glucose(ZE=F) 9} AR glycerol (8] AlE), 1,3-propanediol (1,3-PDO), ethanol
(ol ¥F2), succinic acid (£A14h), lactic acid (Z4h), acetic acid (2AH)E A 3}7] 98]
HPLC system& A3ttt AH8%¥ Columne SUGAR SH1011 (8mm ID x
300mm Length) Shodex°ol™, #Z7]2+% RID-6A(Refractive Index Detector. =2 &
#H%7]. ShmadzuAl) Detectors ©]&43ko] 45}

Solvent(¢] 572+ 0.0IN HSO.% HPLCH Water (Fisher)
standardA] 2F 2. 2= glucose (F5H8H), MgSO, - THO (%338, KHPO, (&9F3}sh),
(NH4):HPO, (&9F3}38}), formic acid (Sigma), furmaric acid (Sigma), ethanol (5 %F3}38}),
succinic acid (Sigma), glycerin (¥ % ¥}38}), 1,3-PDO (Sigma), lactic acid (& %38},
acetic acid (5 ¥#3H)S 10 g/L2 ZA|sko] AHE-aF AT

o
>~
=
ofo
ol
o
32
K

212, Als HAAY

o] &3\t HA, Hg FAHNA FH3I sample T ImE FHdlo] s UA
2] 7] (High speed centrifuge. $t=rstd zsh)2 47T, 12,000rpmol A 10mins <t ¢
Y E oo iAol Holdle A cell M E)& Eeletitt 17 vy,
olE A& 0.2um filter (SRP 25. Milipore)& ©]&3to] &AsA AAT & YA R
(4C)stel XA FYA 5 (Sample of Injector)ZE AF-8 3} St}

A

fl

o>,



213. ol =4

0.0IN H.SO,Z "= 5 gujo] &35t air, oxygen, bubble 52 gflo7] 93
0.45pm membrane filterE ©]§3lo] o]EA S A Aste] o] Foz A3

ol s} o 2= HPLCH water (TF¥shel 98 % HoSOs (FFaeh& o] &6
(o3|

214, A U

HPLC (High Performance Liquid Chromatography. 1A% A A ZnE 18 9))=
o] &35t WaEx o wix H diAAbES] i 2 A4, AFEAHE st fsto]
dAS FE(10 g/L)= standard Al eFS Ax$ $ 0.20pm filter(SRP 25. Millipore) =
1224& AAS & FU(njector) Al & (sample)Z A&3FA Y. H4 ®7 210

ARtz flskol &iel - F(ml/min)ell wE 4 =21& etz okl

o

N
2
o

AEHY 2=+ 50C, Pump®] # %< 1.0ml/min, %32 5.0MPa

=
otz FAHo=E 7715 A A2 5 &vlEA 0.0IN HaSO049F Waterol] w&

oft
>
OO
»—t
to
=

~
=)

2
=
=
il
(ot
o)
d
o
Mz
i)
olr
o
fl
B
T

32
o

AFAE Ed= 5 & S99 A Vs A48T F dAGA I == Axd
standard sample® 43} th WA, 2500 g/L(10 g/L2] sample 0.5m¢ 47} 3% ; 10 g/L
4uf 514)d wW Z42Ho) peakE FAHI F, ol S 2u) B4 3ko] 1.250 g/L(2.500 g/L2]
sample 1.0m¢ + HPLCH water 1.0m0)¥ ©l peaks ZA3tH, thAl 29 3435}
0.625 g/L(1.250 g/L2] sample 0.5m¢ + HPLCH water 0.5ml)¥ ] peakEs 2+7t A
stATh ¥ & F% o peak® AFHA(y = ax + b ; 7]A], y= sample?] %
xT sample?] Peak, a© 7|%7], bt ydHS YeEldhH S 2A 53T
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2.3. 1,3-propanediol 233 /N

2.1.1. 9 A =4

a8 WA 2= Table 19 2o 3134 wao A& s 4 Fod= glucose
60gS F=FTFE o] A EFS 300ml= o] 500me flaskell, 2 9] Hﬂzlbg'g— THTE

Eo] 5L wE7lel W& F 77 ddr1E o] &5te] 121°C el A
15mint 3k dt A § EFste] &% 9 pH 2 A A2 & HEA
fF7hA wpke] e AT e Aol 200me] FHFE HGEA MG F

mo] AAFE 700m= sk 1 ¢ qu]b’@% T

300m7t HES @ F, uhavbAe] i @it A F A

fl

A A"l ampicllin 2 kanamycine B#E FHFZ A5t gAe =
20 filterZ o] ¥3te] 1meA® ®Fsto] WH(-20C) B3Pt Fod o v}
4Coll M slEste] Abgetgith whRzkA R wERY 2 @A A PTG =
filter= o] #}3te] W& (-20C) Wehato] ALg5Fh

21.9. ﬂ /\] HHO]: Hol—\?_ij

AE AT KF-5LS) @3ua7]8 o g3t W52

% 5t%laL, autoclaveE Ab&sto] 1217TCO

2

T HF d pHe 8N-NaOH$F IN-HCIZ 680 = x4dst@om, witsh =
300~600rpm .2 DOE 50% coldtz FAAIA FATh E &%= 37T
A1 A= bABAZ F, 37Tl Fufckel 200mE & wfA] 1.8Lel % stk

Hjoksld o HAS 913 A 8+ sampling portES E3 A FH A

2.13. fr7hA weF

B oATNAE ole A 4 MF ¥4 F AY AF

5 A WF FAL ANEHg

o
ok
rE
o
fr
>
>
il
il
s
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A WA e vk 270l B9l glucose’t A EAA pHZF A8, glucose”}

glycerol2 A3 == Al7]o] FAEZ {7]4ke] A A9 pH7F Solxth=
A& #orste] pH7E @old wvith glucose® FYEE 319 th(pH-stat).

5 A" e 7)o 2L EEEE4EAE0] 50% olstR S HA 3]
i oS T3ttt cell mass7t 71t A o® F7ME A4S w5E wiAE Tt

TS AT AEs dAANIFQ~6hr)vht 10me(5nex2)# FH g 5 Smé Wi Y
WEryd stolem, U om wjFds ol &ste] Ax v ¥ XEY $EE 54
skt

o = AAE BE AES 12000rpm. 30min, 4C ZF7 stolA AR 3

dgl g S5kl 020m BER ol Bste] HPLCE %3 13-PDO 2 #7141%

o

, cell mass= 15mlE tubeE F3 50ColA lday T<¢F A=xde] 1mb 5ol

Egso] 9t cell FAE ZH5e] AAFE LA
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Table 1. Media composition for of 1,3-propanediol production

Concentrated
) Concentrated )
Concentration ) media for
Component media for pH-stat
[g/L] N feedback control
[1.0L]
Glucose™ 30 600 600
KH,PO,” 3.0 15.0 15.0
(NH,):HPO," 8.0 40.0 40.0
MgSO; - TH:0? 0.5 25 25
Yeast extract” 5.0 25.0 25.0
Formic acid” 1.2ml 6.0ml 6.0ml
Fumarate® 291g 14.55g 14.55g
Amp(100mg/m¢)” 1me 1.0me 1.0me
Kan(100mg/m¢)” 1mé 1.0m¢ 1.0ml
V.B12(100mg/m¢)” 1md 10me/4hr 10me/4hr
Thiamine(100mg/m )~ 1mé 10me/4hr 10me/4hr
IPTG(0.5M)" 1ml - -
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[-3 Ay

5
ky
s

3.1 ¥

2AZF ZFA 02 sampled #H 3ol UV-1201E5 o83l 1~108] 3]493}o] 600nmoilA A1E
5 (cell optical density)E =433t LB mediumel glucoset}t glycering 3 748} A vt

A7bshAl @2 Aol AA AeolE Helx vk Ee 24hr w9t WY AE
13-PDO& E5F AASA] gl i AL 4A3F o] Fo FAF A At 14413
o] SHE A Fo] ALY mEkA Fulok (seed culture)e] H A v oF AlZEE 124 7F
o= 3Tt

3.2. 1,3-propanediol®]

32.1. &vfel W& £ =3

71 2] 1,3-propanediol (1,3-PDO)& EAHE #y***e g83tc] Sz 0.0IN
HoSOs& AHE3H, %S 1L.0n/mino 2 TS &8
a8y S kS AFEE A= AREE YT wult injector FE 9 filterd]
odow s 2 filterd] wAZE YA oH, AHY FHS A= £AE
ob7l gt SviEA EE AMEE Afov 3709 A& (fumaric acid, formic acid,
lactic acid)& #lelstiie ASetA & = AT webA AGed Er=s =5

A3 9k,

2 R4, A% 2459

N

frgol M2 AlEE FA45H7] 9 WA, 0.8 m/mine = EHH Yol ERES EE
2 A4 EAsAT o] Afole EAAZE0min BE)e FUstE Z#e
ol %S 09 m/mine= & A= AT EAA(15min AE)S S
T UA



T3, F3E 1.0 m/min o] o2 & F$oli= HPLC 2Hs Al Z3e] ¢h2o] 45 atm
o] A& vElFo] SUGAR SH1011 (8mm ID x 300mm Length) Z# 2] FHo &3 o]

50 atmo = Zd e Fe7t rtee 493 32 09 m/mine = A s

LR R

1,3-PDOS A A&}

g AsA E# @ glucose, glycerin, acetic acid,

AHFAE 2439 tH(Figure 2).

2 g
S
>,
r)t
il
o
toh
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Peak

Peak

3.5e+5

2.2e+6
3.0e+45 1 2.0e+6
1.8e+6 A
2.5e+5 A 1.6e+6 1
2.0e+5 | § 1.4e+6 A
b[0]14952.99999 O 1.2e+6 q b[0]24861
1.5e+5 1 b[21]115004.8 1.0046 b[1]163206.1714
rz 0.9974675776 rz 0.9971500563
1.0e+5 1 8.0e+5 -
6.0e+5
5.0e+4 i y " ' 4.0e+5 i T i "
05 1.0 15 2.0 2.5 3.0 05 1.0 15 20 25 30
Concentration of 1,3-PDOJg/L] Concentration of Acetic acid[g/L]
5e+5 5e+5
4e+5 4e+5 |
3e+5 A ~
< 3e+5
& L]
2e+5 b[0]24861
speszoermie | S
rz 0.9971500563 e+5 :
1e+5 - rz 0.9779261005
1e+5 1
0 . . . . . ‘ ‘ ‘ ‘ :
00 05 10 15 20 25 30 00 05 10 15 20 25 30
Concentration of Glucose[g/L] Concentration of Glycerol[g/L]

Figure 2. Standard curve for the determination of 1,3-propanediol,

acetic acid, glucose and glycerol concentration
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o
2

0

3.3 &8 MF ¥

g A3}

331 7] &4 F=o 9

7] 29 FEE 60 g/LE AAAS W A coli7t catabolite repressions 7]
wiZoll Alze] Aol AsfE = Aol WAste] ol A A YERFA S Y glucose?]
2725 30 g/Le & A5 A5l 53 Aor yewn. was Az

&

of 23 glucosed %7] TEE 20~30 g/L A=7F A&3 Ao wE e

(=}

2 gl A9 %7 glucose FEE F7HAI717] @etr] wiwol %7] glucose®l

3]
TEE 30 g/L2 AFtste] BEE 3 A AEFEs 2E A A AR AE7A =
2z

o
i)
ot
ot
ox
flo
)
kel
oX,
o
o
.,
<
(@)
D
L)
<5
SE
‘b—‘
¢
g
)
O
oZ
r >
=2

S WS S 9% NRA e 7] 2Ae AL GAo] 1247 o] ol
) wade] RS 30 g/L® dto] 384

U4 fFHF4.6m/hr) o2 FF 5o

gz A & 4 o]l DOE oF 10% olet= A5k Al 1,3-PDOC] Aol F7F
skt DOE 719 limited HHIZ #AE 4 -Foll= celle] Aol o= 2glom,
glycerin ¥ 1,3-PDO°] A& AAtE A & ekth(Figure 2 and Figure 3).

ueglA DOE o= A% FFste A doerz x7] wy £55 300rpml.2 3}

DO7} Wolx™ wyk £5 2 &2 DOE 10~50% A% A st= A A Waeir).
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Glucose and Glycerol

Flow rate[ml/hr]

concentration[g/L]

Cell mass[g/L]

o P N W b~ O
L

—e— Flow rate in fed-batch

20

15 1

—&— Glucose con.[g/L]
—— Cell massJg/L]
—&— Glycerol con.[g/L]
—4— 1,3-PDO con.[g/L]
—— Acetic acid con.[g/L]

o

10 20 30 40 50
Time[hr]

Figure 3. Effect of dissolved oxygen (DO) on 1,3-PDO production

DO level : about 10%
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Flow rate[ml/hr]

Glucose and Glycerol
concentration[g/L]
Cell mass[g/L]

@@ —o0 o —o @ ——©
4 4
3 4
9 —e— Flow rate in fed-batch
1 4
0 Py Py

20

[Eny
(&)

—@— Glucose con.[g/L]
—v— Cell mass[g/L]
—&— Glycerol con.[g/L]
—4— 1,3-PDO con.[g/L]
—— Acetic acid con.[g/L]

[Eny
o
L

T T T T

0 10 20 30 40 50
Time[hr]

Figure 4. Effect of high level of DO on 1,3-PDO production
DO level : over 40%
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34. w7v4 M T4 H A3

341, f7kA ek el o7 1,3-PDO AatbA mla
H Aol 3| HA )k Fe] F= 30 g/L, DO = 10~50 % 7)< ste}rt
12713t ®bel w5 wixE sEete]l 7 7bA b4 i EE Blad 23 1.3-PDO
o}

QF 74 wiks WS 4% pH-stat "W o2+ 361 g/L9 1,3-PDO&

P

7]

H:l

ol
ot

AkeFol 60413k

A3 21, feedback control HH O 2= 424 g/L& AAFste] pH-stat ¥ ol H] &
175 % FFHASS 4T 5+ A
pH-stat HH & AFR3 A= 225 E NaOH ¥ glucoseE FY3dto] glucose

o
%2,
52
)
o
oI

TE Aol 7hsesl o, AlEe] Aol 18A17F ol Asds &
Az 2d7e] glycerol?t 1,3-PDO AJ4tel we} Asfdoel] webs NaOH & -=Fo] A
8t glucosed] FHo] 2ZHA =o 1,3-PDO Aqt#EE ol y

ki o) feedback control W o] A fo= AA 7O R glucose FES FHI| TF
ste] 1,3-PDO AJAbaFo] 60A17F FoF wadls 4% pH-statyHOo= 361 g/Lo] 2
A9k feedback control W O 2= 424 g/Lo R FAHJT, ¥FEHo FHS YF
UE A BAad FEEFoE U89 1,3-PDO At £E7F AsEs 4 5 9

2t} (Figure 5~6, Table 2).

W 5 1,3-PDO A4 o] %5 feedback control ®H <
Erege] FE £Hst] AN B FE&S A TH
HA 2o 5 bg/L AR fFAS F7F HEE AAIT 45 18AIZF o]
F5H glycerol® s%7F wA4sHA S7Hete] 1,3-PDOS®E H3kw A Xatal =
481 7koll = glycerole] 31.2 g/L7FA] AAE™ 13-PDOE 19.3 g/L7HA] A= A} & r)
t] &% 60A o= glycerol S 1,3-PDORE A9 A3t x] a1 A& o= AR R ki
395 g/L7MA F7F ©9, 1,3-PDOE 202 g/LO & 124]17F Fob Aol AAtEA] gt} o]
glycerol® F=7F UF &2 A% glycerolo] 1,3-PDOZE A 3% A = Aot
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webA glycerole] 28 HA3 7] el glucoseZ limited AElE FF38te] glycerol )
=7 HAAIAT Glucose®] &5 A9 0ol 7MAAl 5T o824 12411 o] FH-H
glycerol®] FZ+v 10.8 g/LolA 2art Aage] ug} ALK oz 743N o™ glycerol 2]
FEIF GHA FAE o ZA glycerole] 1,3-PDOZE 71$kE o] 13-PDOE Al&A 02 F7tste]
g 60A 7ol glycerolo] E5F AREW 390 g/L7HA AAEE T} Glucosed] ==
5 g/Loez FAYS W A 13-PDO7F 202 g/L A= onz 931% =
ey W E 48AZE o] RE 13-PDOC Aibd el #AEE AS & Ak o

glucoseE A2 FHshA ol @A ¥5 FFo=z s 1,3-PDO it =71 A8}

H

12417 o] FHE 13-PDOE A&Hoz Zrlstglon
=

%= i
48X 7 o] & o= A A o2 B9l glucose’t FFHOEMN glycerolo] e F%

7F A9 3 glucosed] X% 1,3-PDO9 A4S & o glucosed F¥%EE 0~1
g/Le2 AT 4 60A17F o]Fe 13-PDO2 s=7} 424 g/Lo= 713 E9kth
glucose?] %5 0 g/Limited) o= & A F-ol= glucosed] TE7F BF A2EEHER
iAo 2 13-PDO &0 7Hd =3ARt 13-PDO9 AL LEd9] LS

0~1 g/Le2 fFAsts 4AH gtk (Figure 7~9, Table 3).

34.3. FAE o WAE=E AAT dFul ek

Byproduct A =& AAg F HA #FE o] &3 1,3-PDO At Ao =
glucose ¥=5 0
303 g/L7HA A &Aoo g2 AAsgdn. 28 3647k glucose 1.1 g/L¢ glycerol 8.0
g/Lol A 6217 o] &2l 42417k glucose: 2.2 g/Lo & F71slglow, glycerolS 6.0
g/Lo 2 ZAadqth ol FAMEQ F7]4e A E =5 A7 ko] Acetic acid9]
T} A A vk, glucose’t glycerol® A 3Het= A3 glycerole] 1,3-PDOE
L #AadHe EARE TG A FAkse] AASE dAToEHN
YAt A9 F&o] pH-stat 31.5%, feedback controlol ] ¥=%2 0 g/Lo® #% g

73t 341%KH ) 34.6% 0= FH A vk (Figure 10).
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Glucose and glycerol concentration[g/L]

Cell mass[g/L]

40

30

—— Cell mass[g/L] —&— Acetic acid con.[g/L]
—O— Glucose con.[g/L]
—w— Glycerol con.[g/L]

—C— 1,3-PDO con.[g/L]

30 -

20 -

10 A

Acetic and PDO concentration[g/L]

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time[hr] Timelhr]

Figure 5. pH-stat : glucose and glycerol concentration,

cell mass, 1,3-PDO and acetic acid concentration
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Glucose and glycerol concentration[g/L]
Cell mass[g/L]

30 A
—— Cell mass[g/L] 40  —® Acetic acid con.[g/L]

—O— Glucose con.[g/L] —O0— 1,3-PDO con.[g/L]
—w— Glycerol con.g[/L]

25 A =
2
c
°
T
20 1 =
c
(]
(8]
c
(o]
(8]
15 1 0
a
o
©
&
10 - S
Q
(]
(8]
<
5<

T T

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time[hr] Timefhr]

Figure 6. Effect of feedback glucose concentration level control on

1,3-PDO production
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40 1

Cell mass[g/L]
N w
o o

Glucose and Glycerol Concentration[g/L]
=)

—&— Cell mass[g/L]
—O— Glucose con.[g/L]
—w— Glycerol con.[g/L]

Acetic acid and PDO concentration[g/L]

10 20 30 40 50 60
Time[hr]

20

15 -

10 -

—&— Acetic acid con.[g/L]
—O0— 1,3-PDO con.[g/L]

10 20 30 40 50 60

Time[hr]

Figure 7. The change of 1,3-PDO production with feedback

glucose concentration at bg/L
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Glucose and Glycerol Concentration[g/L]

Cell massjg/L]

40
30 —e— Cell massg/L] —e— Acetic acid con.[g/L]

—O— Glucose con.[g/L] —O— 1,3-PDO con.[g/L]
—w— Glycerol con.[g/L]

Acetic and PDO Concentration[g/L]

0 10 20 30 40 50 60

Time[hr] Time[hr]

Figure 8. The change of 1,3-PDO production with feedback

glucose concentration at 0~1g/L

_25_



Glucose and Glycerol concentration[g/L]

Cell massJg/L]

30

—@— Cell mass[g/L]
—O— Glucose con.[g/L]
—w— Glycerol con.[g/L]

—&— Acetic acid con.[g/L]

40 A
—0— 1,3-PDO con.[g/L]

Acetic and PDO Concentration[g/L]

T T T T

10 20 30 40 50 60 0 10 20 30 40

Time[hr] Time[hr]

Figure 9. The change of 1,3-PDO production with limited

glucose concentration
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60




30

—&— Cell mass[g/L] 40 4 —&— Acetic acid con.[g/L]

—O— Glucose con.[g/L] —C— 1,3-PDO con.[g/L]
—w— Glycerol con.[g/L]

25 A

N
o
!

Cell mass[g/L]
&

10 4

Glucose and glycerol concentration[g/L]
Acetic and PDO concentration[g/L]

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time[hr] Time[hr]

Figure 10. 1,3-PDO production with recombinant E. coli which was genetically

modified to minimize organic acid production
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Table 2. Effect of fed-batch operation methods on

1,3-propanediol production

Glycerol _ )
Fed-batch 1,3-PDOl[g/L] Acetic acidlg/L] 1,3-PDO
con.[g/L]
method after 60hrs after 60hrs yield[%]
after 60hrs
pH-stat 1.2 36.1 3.2 315
Feedback control 5.6 42.4 8.4 28.7
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Table 3. Effect of controlled glucose level on

1,3-propanediol production

Controlled Glycerol
1,3-PDOl[g/L] Acetic acid[g/L] 1,3-PDO
glucose con.[g/L]
after 60hrs after 60hrs yield[%]
level after 60hrs
5 g/L 395 20.2 15.6 145
0~1 g/L 5.6 42.4 8.4 28.7
0 g/L
0.0 39.0 3.3 34.1

(Glucose limited)
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oA AE F b b PES AET 499 13-PDO AWMHE wla
ARt pHostat WHE AEH 495 2255 NaOH tn] £EGE 79 5]
E59 FEE Ao} AsaRgort AL 4Fel glycerolst 13-PDO A4kl wet

b

Aol Asfgoel weks NaOH &7-wFo] #Aadto] =g o] ggo] 2A Ho
s

3-PDO AJabwrm yrolx ), Wb o) feedback control W el 7 $-ol= AAZF L=

—

= s
¥EE 450 FY¥S 2HFOEN 2R Uy EEY FEE FEI FI

P
BAEY YALEAZE A AT H(CJ-U26)Y A% acetic acid productione & A 3]

TAaA7]al AL AEH o2 Aoyt oy glycerol 2 1,3-PDO AAF S =% F A9
Hase Aom Yo £&L FAEAY. F o BF =& 529 1,3-PDO%t
glycerolell oJs] AxEA7%¥ 1,3-PDO Aito] AsjE whe Aoz dAddn. #59
random mutations EAlel Fdstel #F9 1,3-PDO WA S FEA171= etk
FZlo] a3t} X3k proteomics A4S B8] A2 2 A O] wE up-regulated
%= enzyme¥ down regulated ¥+ enzyme profileS ##sle] 13-PDO A==
S7HA1 71 Hefo]l H Qs
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A2A AR Az YA FL o] L3
Organophosphorus Hydrolase (OPH) 2484 7%

n-1. A&

45 Al(insecticides)v= 9@ =4 ¥uk ofyg} A WA BHoww P LetA AE-
Hof gith @A oF 2000 Fo| sofol SFH o] glow HA wope ARG Az
BIUE (128%/ha)oltt ™ o] =
AR el A 7 Wol AHgE I 9 ¥oF F shtolch mmwA AR AT}
AT AEFgy wEo] F2 AMEHol goy Ao I HFAAI A2 AW
44 o] 19709 Z%E Ao FAHULY e ojn] Abge] FAW ofEEe
8-

o ool ALgE Aol 7] F9 DA AFete] ok vAE A9k Brp

F-71014 A=Al (organophosphorus pesticides. OPPs)&=

7107 ASAlE Fa% AFAGE24Q ofEZd (acteycholine)S 7H&3dllehs &4
ol Al e = of] 2~ H| 2} A (acetylcholinesterase. AChE. EC 3.1.1.7) &%5 oA Azt
aglste] ofEEFdo] AAHYE TS FPeta A FEHA X AS F
Hol AAHE FEAE #Y AFA "W FF B2 ExAA oS YEUA
stme AES ZolA ARl oG g A A B

gk At F Wl phosphate groupol 25245 YElE WA 18] 9} ester bondE
o] k™ o]5 o] Hao] that ATE ABH Rl wAETE Rz e
24 B30 A Richard & carboxylesterase isozymed 7}A= E3
506 FolE Robertson & EY F uby ol

42)

o] g3te] f719A AEAS sty BiEgdon Heng 57C elm treeS o] 43

ol
s
+
oX
i

phytoremediation® 2 chlorpyrifosE w8l sttt R 3gk n} v}, wAESH A 73
ol /1 Mamoru 5 4%l A humic substanceSoll o] at FEZuj o] o R
waugon Li %44>% 284S =017l f8 AMFA T4 nanosized FEw|
TiO5 AF&3Fe] 71U A 2F A2 o g A5 FPdsHon, o5 F54

O J}5EE WSS =5 WAl )3} phosphate groupS A sk uhg ot
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F710A f7] 3E-S 19431 D. Jerchelo] A5 & 77F tha A Fo= ®Huy
olel AF7HA 1080 ol el shgtEol HAEAT 4710A AEAL FRE 571
olo] FAJo] Ha o] ¢lo] o]FAFTLS 7l Ak T o] AFEH RE &FA,
0, 8 ohule]Erelm ofdZe ¥y EE f714e 277k ARH sl

(Schme 1)* 7%

il

Scheme 1

71914k 3}8E- (organophosphorus compounds)g #3471 tiE 42 3714 e 9
g% OPH, OPPA-1, OPPA-29]t}.

A WA &4 organophosphorus acid hydrolase (OPH), Y+ phosphotriesterase@}
S, 1L BAYE Pseudononas dinumuda MGV Flavobacteriinmn sp. strain (ATCC 27551)
o gRE MAFPLY o] Eat 325709 opuitow FAR 35 kDad) ®AEE 7
gidg 1~2719 ofd T IWERXS VA v w4 & A (metalocoenzyme)©] ™
paraoxon, DFP, soman, sarin, tabuns< H&a ¢ b

T WAl 84 organophosphorus acid anhydrolase (OPAA), Y% OPAA-22} &7+,
o] Ea Alteromonas sp. strain JD65ZERE WA QT o] 4% OPHE} vla7hA] =
paraoxon, DEP, soman, sarin, tabuns Ut o] #aiA1Z 4 Qlth 28y OPAA-2&
OPHYE.t} soman #3352 o] ] & ¥, OPHE OPAA-2H. U} paraoxon w352 o] T
Sy

A WA T2E Alteromonas undina® 9 Alteromonas haloplardas CZ5-8] 2728 OPA
anhydrolase?l 8] ©] Z4% OPPA-29 AL A A 7FX o™ Alteromonas
faloplaniis C (ATCC 23821)2HE 2 7A4¥ OPAA G4 48 L= (proline) 7717}

72 527] weke] 9A¢ dipeptide, 5 X-Pro®] el ]=ZAF (peptide bond)= 7
et 48 7H prolidase= & A g}xﬂr.’ﬂ@&
o] T B AFoAME #7104 JFES Bt 54 T OPHol s A]2kssdt).
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pseudomonas dinunutd-ty flavobacterium sp. 50 nAEo] Frjelg e

8421 OPH (organophosphorus hydrolases)& Y&

Ba7F g FRY /719 FHES =2 AES wastEE o]& o] & stE=
A7 FEL W gt a8y Qo pseudomonast flavobacteriim® 735 1w %
HjgFol of 9] AAl T AEst= H wAHE /AL derm® OPH #+dAE
M Az TS ol gste] olE sAsE = A =TE o] FolA L vk shA W

=
AF Wl AE f7190 wanas] shgAol vop Yol FiHo R WojA

oh
ol vk @AAA olH T A= AT Aln"e FAlE sl s 2 )
_]

BoAo| A ALgs OPHY ESVAEQ pseudomonas diminutay flavobacteria sp.
NA FAH R Fopst AYsps Sow o] fHE F71909] spEEH ] WS-
4o dehin” =9 5 RAE ANES B40 A% SA4e va u¢
Wol FolEth WA E AT AT DNA 7l=S o] &3te] Eallehe aiel
OPHY| #AAE Al 2ol A Badstal o] 5 o] §8fo] Eqfolu} Ao st
AE fFrIES dARsHow Ea), A7 7S dAgstaa skt

OPH= 7124k 33%E (organophosphorus compounds. OPs)S 7= #-af o] Zuj
2-g-0 7 AW Eoke] v o} psendornonas dinunuia= B B E= 282 (o]3) 9]

+ &g o]t} 38k organophosphorus hydrolases (OPH; EC. 31.81)% &+
b 252 S48 54w, w9 T 71 stEEAESA 2 sk A A
(chemical warfare agents)Z AFETL® OPHE o dinvuna © 258 %23 Zapx
H=o] A2 Hopd)E AZAste] HHAEHJT DNA &A= FHAA (opd)ol & &l
ARHY, Fd A opd)ELS 5F T promotersE YA A7| Y= WEES oy
7HA Gl A B A

OPH<®] 7]#-2 bioremediation[#}o] & 2 v dj o] A, w] A}

=
FNRGE] 54 FEoA AAT Bk by, #7 W8 o
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Bioremediation< "] A=oly A=AE AHEsle] LA=dS Adey ZeidomH

S AH Efoly AsFE AslsteE AL ouldth. 53] in situ bioremediation<

=
oPAGAA LARAS AARY A B vy RHLES FIANAL
gyo] $4% MAES WAToRN BARLS P E Bl

Lo

OPHS AHg& E%ol 4% Aaten g IS v, 43 34L&
F71sk el Arksl wEA17] AG Atk muow Aushe
OPH EE AE (Cells)e AMHAOom 2A2GF Pae FEex7 ZoA H3ith
OPHS| ol A4 2% T4& F5d
A Fad ol

OPHE AAtsl7] 918 Az digt2 o8 F79

18

Ho
N
ot
i
i
o,
T
I
s
fo
=)
=
jin)
s
r%
o,

T

T
)
=
¥,
2
>
o,

Lo

Aol 285 MEFetr] Asids 32 He FHAE Adske R, 7FEA R
S =E F7MA7]= W, Vitreoscilla hemoglobion (VHb. BHH|E]o} s|Ra=wle] U5
of FA RdsE W, AE Bwe RPN By o] Axmwo] g}
Az dde] w5 Axs TdA7 Az ATt e=2X4 OPHE 3} At
7] 918 2o w=Esol Mayoe] gl 7]1F9 Omburo”5S TS LA A
25 69 U/mgol At Serdar®t Murdock™-& AZ3 g3t 30ColA wjgFsls 45
OPHe F%+ 39 mg/LolR o, OPHe EXHEE 59 Umgl Q. Baci/lus subtilisc
OPHS} A}t MPH(methyl parathion hyrolase)& A4tahm, &4 == 28 U/nto] Qo™
Srinivasan® Barnard” 5-& Zalstonia eutrophas ©1438te] =& Fweo] OPHEZ A4t
st = AT Bastd o, 2 eutrotnl EE-E total cell masse ¢F 10% OPHEZ
A = dSdAIT, GRAS P =S AREStol i S AlAAS 4% OPHY wxe
- wkgton=w wg ¥4 S Fe OPH AAS F7HA17]+= Aol Qs
FHrole Az S F38l extra cellular (MEQ]2 20| ¥5) OPHS] ALHS 2 gt
B oApoMes 71 B E dAS 53 £299 FE9 induction (TE AIANE A

ko] AE A A3 intra cellular OPH 2 extra cellular OPHZ £213}o] OPH & %
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O0-2. Alg 9@ =9

2.1 ANk 2 717

B AdoM = Fisher Scientific (Tustin, CA, USA)SZXE yeast extract,
KoHPO4, HoPOs, MgSOs, FeSOs, NasHPOs and NaH.POs,S T-935te] o] 43519 o,
J.T. Baker (Phillipsburg. NJ. USA)oll A NH,ClS *+435te] AL€39 . TSB medium
(tryptone 15g, soytone 5g, sodium chloride 5g)< Becton Dickinson(Sparks. MD. USA)
ANA FYste] AFESEATE OPHO @4 %+ SA387] 98l Aldrich(Milwaukee. WL
USA)S 2 K1 ¥ paraoxon®} p-nitrophenole T+ 3to] A3+

)3l 2T 492 Sonic Dismemberator (Fisher 100 model)& ARg-8F3ow, 12+

A7195F X EE Mini electrophoresis (Bio—rad)E AF£391 1, 239 AV|GdEHAA =2
= Ettan IPG Isoelectri Focusing Unit (Amersham biosciences)< A3t Alx 28 &

© 2 Micro centrifuge (3t= dd3}shS oz HE 9@ F58°2 High speed
centrifuge (3+= U 3}8h)S AF-E-3} o},

Axe w28 FA387] A& £33 %74 (Shimadzu. UV-1201)E o] §3}9 o,
EEFe] FEE =A3}r] & 35-dinitrosalicylic acid (New Jersey. USA),

potassium sodium tartrate (£41. Rochell Salt. % %3}8}) sodium hydroxide (NaOH.

Zokyt3l) & Heater (Fisher Scientific)S AF-& 3} th.

22 45 2 B3

rr

2 Ao AV e F AR AERFEE T A ool s e LB agar plate
(g oFara] viA]. yeast extract 5g/L, peptone 10g/L, NaCl 10g/L, agar 20g/L)oll~< 37Cel A
150rpmell A1 B %k&le] long—term stock solution (W]} 1mlE #&o] 12,000rpmell A
10min?t YAEE A F 454 HEL 09 % NaCl 49 Imts 21 & 4ojFrh
ANAFRAL 23] Ax =5 AEW 3 T 0208 LB mediume H7}slar, 50% glycerol
08m=E WL Z uwkel] Foh) o2 A zketo] 70T Byt F v Fol AFE-5H3L



=

23 %® =3 9 g%

N
i

231 w5 W&

NG (Z coli pET22b)" S o] 43 OPHE AAtslr] 913 HAa wAQ 128 g/L
Na:HPO, + 7TH20, 3 g/L. KH»POy4, 0.5 g/ NaCl, 1 g/ NH4Cl, 3 mg/L CaClo , 1 mM
MgSOs° F7F8 o2 0.3~05 %(w/v) glucose, 50 mg/ml ampicillin, 0.1 mM CoClz
7 sto] wl) Fst A

232, F WY

3 &2 wekS Ak F ouieke 300me AHZFEEla= 2700 ZHzE 100mee] WA E WAl
121°Coll A 1683 "W Al 29 o2 100md v R o] A A0 Ampicillin (50mg/
ml. Duchefa’rl) 0.1mE Y2 & =75 HFst 37CoAA 250rpm o= WA 7]H

A el AE FE et eHoR FhE W W wnld gESA

2.33. 324 e

w87 DO-AA 9 pH-AIAME 2het KF-5Le g ar|E o] §3te] Wzteg
TEsle] e -] 7hEsteE 319, autoclaveE AFE3F] 121°ColA] 15min
o A Ay & FEAAY Fulgd HF d pHE 8N-NaOH9 IN-HCIZ 6.8
st o wEkEEZE 300~600rpm & DOS 50% o]st& fAA#A FJth
7C2 gk 247 AL A SAIZ F, 37Tl A 12417 5ok wj kgt

Tl g 200mE 1.8Lel wikHel FHFS] Wi om, EAS AT A=

sampling portE F3l 335} % ¢}
2.34. 712wk

o] 7HA 714 wkE A F feedback control methodES A&ttt Z7]o] &&
A A 3 E2 wjeks 438tk cell mass7t 7] RS A

A *
o2 TS AS FEHE WMAE T35 glucosed FEE FAAA FTH

_36_



24. 4 %9

24.1. HAAANA ] &}

50me tubeol ®leF3sle]l OPH A4tel Al inducere] =3E 3%t LB broth
(%3 FulA]. yeast extract 5g/L, peptone 10g/L, NaCl 10g/L)oll A wjeFslo] AE 5 =(cell
optical density)”} 0.9¢]H, 1M IPTG(I&)propylfbetafl}"ﬂliogalactopyranoside. Duchefarh) 0.2u0S
A7FeE 5 AANZE SS9k vk & 10me vl Fels Fske] @Eid 2y 5l OPH AAtE
obE ottt Inducers %71 H3 ¥ F MES Fste] SDS-PAGE #7195 (sodium
dodecyl sulfate-polyacrylamid gel electrophoresis) XS %3 vz 2¢S 3Helsle]
om, pET22b harboring Wt (Zcok) 025 A AEZE QA AEZ FJHES inducer?]
IPTG® ¥7] A3 ¥& % OPH &4 =5 S435to] OPH A4hs vlaLsteih

o

EANL 98 ARE YAAHQ~6hr)vkT 10mGnex2)H A E F, 5ot v
WERY Son, UuA Sn WFAS o gste AE ¥E U EED Fro

= A=} =]
OPH B4 %% %74 2 2434

FAFE 1~508 345k 600nmol A Cell O.DE #3433 = 7| (Spectrophotometer) &
Abg-3lo A3 Cell O.D (600nm)9t Cell mass (g/L)9] #H#AS A4 (Figure 11)
ato], WEA = Cell 0.DF ZA3ko] Cell massz ke gl oh

244 T53F9 F&

¥ o9 =% DNS (dinitrosalicylic acid)®¥< o] &3t =431t} abalz ol
DNS £ 92 35-dinitrosalicylic acid (New Jersey. USA) lg, potassium sodium tartrate
(Rochell Salt. & 9F¥}38}) 150g, sodium hydroxide (NaOH. &% 38}) g5 SFHI 500ml=
ZAete] AMgEFg Tk dAE A7 FA 02 samplingdle] W (-20C) B B3 sampleS
WAACT)ANA SHdsA =A 5 sample 1mewF F gk 4Tl A 12,000rpm, 10mins et

2

A =9
A4 Balae] Jednt do] g TE A5



Glucose 1g/L-& o]&3lo] =4S 24 (Figure 13) 3FH, vk 50~2008) 3] 4] 5}
540nmel A FFE=(ABS)E SA6t] T=d ] w2 46k

2.4.5. OPHY A= =34

OPHY &4 =E dAT A7F 7bF 2 F samplingdt samples cell¥ solutiong #¢
sto] AP o, wart AAsA T899 samplee SDS-PAGE (Sodium dodecyl
sulfate—ployacrylamide gel electrophoresis)< o] &3lo] ©uld w3 3959

A gk AIZF FFA SR samplingste] WE(-20C) K #3 samples W3 (4T)o A

RABA Z & 4TolA 12,000rpm, 10mins¢t A4l 22)8to] sample 1ml5F # 3} o]

2.4.6. OPH® Al

Hel

A A E(Total cell lysate)

Az d7 AT (£ cols pET22b)2] OPH AAF &4 dS gelstr] 93]
1 sttt WA, 1.5ml tubeo] sample 1ml

T md AAE7IZ 4T, 12,000rpmell A 15min
A7tk ASde vg a1 Fe AEE 0.1ml phosphate-buffered saline (PBS)S Y& &
%53 327] (Sonic Dismemberator. Fisher 100 mode)& ©] &3t 2% &<t 30¥ <
A

A A 8o total cell lysatex & 3ltt.

=
32
ol
2
rlr
A
dlo
B=)
N
N,
o
ﬂ-llﬁ.l
offt A
_O|L
£

Rl

24.7. OPH A4 24 ¢4

=

o
v

et

0}

AAE A HAES 242 3gste] Aol ARSIt [ 719952 10% separating gel ¥}
5 % stacking gel®Z o] F o] SDS-PAGE gel AollA W3 st th(Table 5). 14 3}
5] 3 A1l SDS sample buffer (60mM Tris—HCl, pH 6.8, 25 % glycerol, 2 % SDS,
14.4mM B-mercaptoethanol, 0.1 % bromophenol blue)E &&3te] 100Col A 7E 7t
Z 83 & protein marker (prestained protein ladder. Fermentas)2} &7 A 7|95 <
TR, A719 % ¥ geld CBB (Coomassie brilliant blue R250, Sigma, St.
Louis, MO. USA) @Aefow @dXsta A gfow eng xdozn dst=

S FRE Hsd,

1l

of

ofr
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ABS[600nm]

1.0

0.8 -

0.6 -

0.4 1

0.2 1

02 03 04 05 06 07 08 09
Cell mass[g/L]

Figure 11. Standard curve for the determination of cell mass

with cell optical density (600nm)
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ABS[540nm]

0.8

0.6

0.4

0.2

00 @ * . . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Glucose Concentration[g/L]

Figure 12. Standard curve for the determination of

glucose concentration
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Table 4. Organophosphorus hydrolase activity measurement protocol

@ sample 1ml& 47T, 12,000rpm, 10mins et ¥4 oA #A
cell?} solutions 2] g},
@ 1.5m tube°l Solution 0.1mlE Z g},
© YA solutiong B8 12 40mM Tris-HCl(pH=8.0) 1ml el
Cells 438l &afA1A 0.1mE 3 gt

@ Ztzt Cell(intral cellular OPH)#} solution(extra cellular OPH)el
250mM CHES(2-(N-cyclohexylamino)ethane-sulfonic acid.(pH=9.0))

04ME 9+
@ ¥ F Z}z} 1mM paraoxon(Sigma. St. Louis. MO. USA)
=
@ 04m e FHFE ¥l Smin FoF A (=TA) A7)
G FFFE=AUV-120D)E ©]&3+ 400nmolA FFE=E F74 e

® AR o] gato] OPHE B4 %lunit]E A 233
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n-3. 23 %

z

K

3.1 OPH A& 91 inducerd a3}

Inducers 27] 3 ¥ * AMEE FHslo] SDS-PAGE #7199 % (sodium dodecyl
sulfate-polyacrylamid gel electrophoresis) H & F3f] @yl a ded &olst] o,
pET22b harboring AT (Zcoi) L2 5H AAtH MXE AT AE I AES inducer?]
IPTGS 971 A3 ¥ § OPH €4:=8 =

Inducers 92 ¥, 47 (opd) 729 @4 571 23+ OPH A4 S7FHE ¢HAl
gtt}, Intra cellular OPHE IPTG H7F glole FAHJ oW, IPTG H7MAl IPTG
H7behAl k2 A$-wt OPHY A =& 71 Atk 50ml tubeZ Wl FAl extra
cellular OPH % AX L7 Y& o} @z vy wl=2 [PTG ¥7] A3 IPTG

=
]%% —?‘ E—“‘?‘ “d’%@' ZI: uAM‘jr(Flgure 13)

L

OPH A2l ¢lo{A] inducerdl IPTGS 9@ wl$- 252 o] 9th. OPHE IPTG
%’io]_‘,{ *gﬂ'ggiﬂ IPTG %7]‘01] -04“5‘H T}] ‘{%:O] Agﬂ—ggj\rjr 7(_;];1];_.]] ‘?’l';g(ﬂ]}\i 9_6‘]?‘}1
IPTG §lo] A% OPHE Aitete 7l E& 7ot

3.2 28 Aol @& OPH A%t

pET22b harboring WA (£ co/) o Z2HEH AawE AXTE AAN AX AHES
thekshAl OPH 4% 2 vl Bd s S48 & 2927 H4% DNAY koA
promoterd] &3 27} ¥3t= A opd) ] @S A5 T} Y-S Ho
FAG. XY dFlA BdE d o] FEAJNA =E8AAUA Fletr] st
sonicatorg ©]&3te] AZH-S st A
HEF 2840 AT JHES £ 35t SDS-PAGE JellAd &g 2
Figure 159} # 3k},

o] extra cellular OPH %= 3122 wollA] g A|gke] F7hghel whe} S7sbA] o,

intra cellular OPH FZ Rt} 25S & 5 9t

;
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OPH .
356KDa W=

M 12 3 4

M1 : molecular weight marker
1 : Cell extract before induction
2 Cell extract after induction
3 ! Supernatant before induction
4

. supernatant after induction

Figure 13. SDS-PAGE analysis of before and after addition of inducer.
Separated by SDS-PAGE with a 10% gel under equal condition.

Positions of molecular size markers are shown in kilodaltons.
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we 170
w130

. poo

@ 55

.40
A TE OPH
e - 356 kDa

. ™ 33

6 18 30 45 6 18 30 45 M
Cell + Supernatant

10mM tris buffrer

Figure 14. SDS-PAGE analysis of fermentation samples.
Separated by SDS-PAGE with a 109 gel under equal condition.

The figure shows the time course of OPH production.
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Al
2]
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=
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7}=) 2 th(Figure 19 and Figure 20).

=
©
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L
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12 35
—O- cCell Mass
—{ Glucose

Cell Mass (g/l)
Glucose concentration (g/l)

0 2 4 6 8 10 12 14
Time (hr)

Figure 15. The dry cell weight and glucose concentration with 30 g/L initial
glucose concentration. symbols: open circles,

total dry cell weight; open squares, glucose concentration.
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OPH Activity (unit)

400x103

300x10°

200x10°

100x103

—A— Cell Extract
—/\— Culture Broth

0 2 4 6 8 10 12 14

Time (hr)

Figure 16. The intra and extra cellular OPH concentrations produced with

batch fermentation with 30 g/L initial glucose concentration.
Symbols: open triangles, extra cellular OPH,

closed triangles, intra cellular OPH.
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Cell Mass (g/l)

12 70
-0~ Cell Mass
{7~ Glucose

10 1

- 50 S
8 - c
§e)
- 40 S
C
6 3
c
- 30 3
9
4 - 1 S
- 20 3
0]
2 -
- 10
0(l ) ) ) ) ) ) 0
0 2 4 6 8 10 12 14
Time (hr)

Figure 17. The dry cell weight and glucose concentration with 60g/L
initial glucose concentration. symbols: open circles,

total dry cell weight; open squares, glucose concentration.
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400x10°

—A— Cell Extract
—/\— Culture Broth
300x1083
c
=)
>
> 200x1083 -
©
<
I
o
O
100x10°
0 l-/-\-‘ b T T
0 2 4 6 8 10 12 14
Time (hr)

Figure 18. The intra and extra cellular OPH concentrations produced with
batch fermentation with 60 g/L initial glucose concentration.
symbols: open triangles, extra cellular OPH;

closed triangles, intra cellular OPH.
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Cell Mass (g/l)

50 70

-0~ cCell Mass
—{ Glucose

T
0 5 10 15 20

Time (hr)

Figure 19. The dry cell weight and glucose concentration with
fed-batch fermentation. Intermittent feeding method.
symbols: open circles, total dry cell weight;

open squares, glucose concentration.
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2.0x1068

—A— Cell Extract
—/\— Culture Broth

1.5x108

1.0x108

OPH Activity (unit/l)

500.0x103

0.0

0 5 10 15 20
Time (hr)

Figure 20. The intra and extra cellular OPH concentrations produced with
fed-batch fermentation. Intermittent feeding method.
symbols: open triangles, extra cellular OPH;

closed triangles, intra cellular OPH.
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Cell Mass (g/l)

50 70
—(O~ cCell Mass
—{ Glucose
— 60
40
~ 50
30 H
- 40
L - 30

20

— 20
10
- 10
0 L) T T 0
0 5 10 15 20
Time (hr)

Figure 21. The dry cell weight and glucose concentration with

fed-batch fermentation. Continuous feeding method.

Glucose concentration (g/l)

symbols: open circles, total dry cell weight;

open squares, glucose concentration.
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2.0x1068

—A— Cell Extract
—/\— Culture Broth

1.5x106 -
=
S
2
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©
<
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o
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500.0x10° -

0.0

T
0 5 10 15 20

Time (hr)

Figure 22. The intra and extra cellular OPH concentrations produced with
fed-batch fermentation. Continuous feeding method.
symbols: open triangles, extra cellular OPH;

closed triangles, intra cellular OPH.
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