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k. x| TAE 27 A3 AR viehhEe foRuckele, 7)AL vl o] iR SN AREEE o
A3 FAIstEA FFehdch Aol viAAE T $F AYA vARET 03 hr ‘A v Ee) FAEEE
147(0De)2 2 71 AT S-EA Q] FFel| L AT ELE vIAZSE 0.1 hr oA 130 uniL2 ©]$ Egtct.
E HIAAEE 04 hr elME 210 LEvdo] HESAEon, 228 xrgo 2 s A7 ojEALO S |y
9 AT R EA SFEA 29 gAo] BA A A4TL HAT 4 ARk o] AL FTFekAL A4 A2 o)
o] JA v A4 (critical specific growth rate)e] 4kl A vle}at 7-¢- 3% 3} metabolic burden® 2 als) AR 7
o2 Azdd.

Abstract— High cell density cultivation of glutathione-producing recombinant E. coli TG1/pDG70 was carried out in a
fed-batch mode controlling specific growth rate. The cell growth and the production of GSH-I were not affected by the in-
itial glucose concentration less than 20 g/L. The specific growth rate sharply increased for the yeast extract concentration
less than 1 g/L. The cell growth rate and the GSH-I production rate were lowered significantly at the initial concentration
of acetic acid above 5 g/L. The cell growth and the GSH-I production were inhibited by acetic acid. The final cell con-
centration reached its maximum at 147(ODsy) with u=0.3 hr '. The final concentration of GSH-I reached 134 unit/L with
u=0.1 hr™'. When the specific growth rate was controlled at 0.4 hr™’, the final cell concentration decreased drastically due
to the accumulation of acetic acid in the medium, which resulted in the decrease of the concentration of GSH-L
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ZFE}X| 2(glutathione) y-glutamylcysteinylglycine®] 722 7}
A& Ee)qefo] = (ripeptide)e] o} th3-2-) AEAHe] o] 3]
£ vk €& (thiol)o| v}, SFebx] -2 whA sulfohydryl 15
2] %212} DNA®9] FAAE<] deoxyribonucleotide®] A7 A,
HgAdo] 7Rt AR SRt E el AR 22 R AEus, o8
SHHES SAAA, AR 24 5 B, dofyoz go
T3 g Yot 22 A7AY| Qs AR A 8A)
2 Fge] Hold Zleg A o]

7189 SR QA ERAEE 225024 =3} 331
& T8 o) Foialct. 2elu o5 why L RalAte] EAHER
A3t FFERA L AP RAT o] 43 PabibHo] YA d7s
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A 2 ek 22} o] HhHE FRE}A] L YA ol HAests FH 9
ol FE3A E3] diol $580] Yol AAAQ FZelx| e
AAbel] o] 8-5) 2= 23}w g)ch.

Aol fAFe 7lee WdE AxPE gPFe o)Ly 2
FERE AP EAEE A Het o2’ Axg JAFe
ol &3td DAL o PAlslr] e B FAEEe) 2o
52| il U &S 28 g P} oleidt BA el R3teshs why
2.2 7M1 wlde £ 4 ok foH uieke e see] A &
A& Z2FH HrishaA v EL EEE ekl o g v
Ao seolFFohd & 7] /1A 52 Q% catabolite repres-
sion, substrate inhibition -8 *}A|3ict. £3 H&AQ r|ATFo
dan], QA A Az 2 LEA S DEs)e, o whila) why
3 AZ o] uhalg BAlo) glo] 0159 AbE AL HAs)sid




FReA L A4k AR 2EE v} !

4G B2 AdE Foist & 5 ole Aol gl

e 301 B 3 F A AL Sele] Ajlez Ql
g oA SEA 0] wdta) FAY vAE S 0R A7 /1A &
2, vAE 3F3 HEAA ] o8 B TEY T FA A
72 o A Aakg dAsle, oleidt B Foll AR MR
FAVE] 8 EAAHL oS 71 53] dAEe] aFE iy
Al A= EHAE 5 & dejzl oM EALY] AL 3U)H =
gt Hoje) 714 FFLeR Qs fr14kE AAs= "Bacterial
crabtree effect’ e} 3o & i QIch3]. o]=iq f714ke] AL
v A E-2] At olel dulal JALE Al [3-6]), T AA 5
Foll g vix= FRF WMLEA o5 UL A7)z}
g Aol gt A7 ) FE HEASHA == o] gt

F7HA wjokA] E BAHEQ] ol EARY] XS AAEl L, &
A F= A 2 =2 A 2HEE FRA717] S 8%
Zel 71T Aot} A B &A JAZTFHA L
2= v|g] AA= feeding profiles]] T2 <2 vl x] - (constant feed-
ing), 413wl 2] ZF(linear feeding), 2]4*¥lX)-ZF(exponential feeding)
Bol slon, g5 7149 22 Qs wixlle] £& Abhe] 5
7t 371e A€ A2 /1AL FFHFE DO-stat[7-9], 71We) 2
Z= vl A2 o3 A f7]Ae2 pHyt F43] Fashke AS
A2 7|3 FF3Hs pH-stat,, PAHEo] A )R] obe Fwrte]
FEE e s dAHRE FREEA 1A S TEEhe e
FE 3A[10-13], ¥4HEQ ol EANY] FEE 2A s A
422 7|A& TFshs olAEA FE 23 [14], Pl B v
EWE A 718 & FFEF= postat.[15-18] So) gt

oM EALY] AT LAF TAI7} ole v AAEEE w|AYEe
A g 9wy i AAbel] F83)F k2 2Hg3bc} duixiog
AL EE 0.1-03hr "2 FRAA oA EANY AAL ojAlsl
TAFTE 128-148 g/l7HA] A4kt 7397 B asKich21). =3t
Turner 58 p=0.29 hr 'el|lA] &<uljofA] ol il o-amylase
€ 71 gol AAtE o0, ,.(0.65 hr olAtdllAe Aldake] o}
A EA ] M=, FTAFES) o-amylased] AL 3319
50 %0 | ZFAa3HE Bkl oH16).

oleidl Ry 2 RE] B AT Y HARLEES wjoke &
g AL ALsig e, FF7AEN 25} Al FHASE o4
Ble] oM EAIS] AL AAIRE ATE B EHcH19]. ] vl A
4 25 Z7H 714 FF-E S5l v AAESE S A A3 5
% f7H vk & Fxe| FAle} o chid-e g} 20).

ol q v AL T 2] 7 1A vty AL A, J&
H| AL T of| 4] wljoksl o2 WA BAFE] P4 B, B4,
FEE, ol EA B W o)abshts ¥9ME 2 A Yt e
3] Aa57H] Z1dFFe g vk ke Alojd 5 olchk=d) 9}
oh. 2eu v ARS Tt AAESE ke Ar|sso] HA QA
A9 4 A £ e FAAE Qi

E AT f41 THes Axgd S A4 oA
5 0l 43t 27] B ¥ oM EA XUt FASE 9 S5
22 AAbell BASH T A GSH-12] Wl 8o v]x]= odgke =
Aetdel. =3 A2 O v AAEE 24 f7M wjoks S8 1)
AL FATE, ol EAN A Y GSH-I9) 2wy gol v
FE¢e gt a2z FFERA R YA FFE O Yaksr]
AT A v AP4E g w2 AL skt shgdct

2.4 3

2-1. AF27F U plasmid

B A AHEF £FAEE E. coli TG10]0, EgjAr| et pDG
Taolth22). AM=zFE F2h2v= pDGTo= & Ho] 9.4 Kbold,
pBR32271%09] vectorell GSH-I, GSH-II-A =27} 4ksl=le )} pro-
moter+ tac promoter ARE-3}93 © o] ampicillin WA =427 &4

et

2-2. HYX] S HHQFZEZA

E ATl ARGE A= AR 2= LB viR| & AME3lei o,
Febaz viof, 3|34 w2 AEA] wliokolle S gl e}
g/Le] yeast extract® E 33 medium RE AHE315ICH15]. &7}
2] vhofel] AMS-€ FF 7138 Resenbergel] &3] o] 48 wjx]| & A}
23} cH15].

£ Ao A8 E. coli TG1/pDGTa FF+= — 70 °C deep freezer
ol 25% glycerol stock 2 ¥ 33}dr}. FFulU(seed culture)yS gly-
cerol stock © 2 #-E] 50 pg/mL ampicilline] ¢l 10 mL LB u)
ol 1% viv2 HZE3 12 A7k 549 rotary shakerol] 4] wiofgl AL
AH2-31g ). Flask wje}S 100 mL medium Rel| ZulleklL 1%
vivE AZa) 12 A17F S92t rotary shakerol| A wieka}ich. zhzte] uy
FF7L- HEEE 250 ipm, &5+ 28 °CE A3l oA, A
2l ampicilling #F-5=7} 50 pg/mLr} = =8 Hristech Alx2A
Aol T} 57} vl d8e 2ALE] ¢80 medium Rel| 13-
B 50 g/L7A] E=3e] FEE H3AA 1.5 At} #A FEE
FAstod, wicke] Bd F wljddg Y4 Eelsle GSHI9 &
AEE FAsge). =3 oM EAL TRl % A E ujgLx g
GSH-19] BA AAEAE ZALel] i3l 5gle] 28 233
= Ao ol EAL FEE 13-E] 20 g/L7HA] WStAIA A X9 %
£ Ao, vide] B ¥ GSH-I9| FAHEE 2334t}
2] 3 A4 yeast extract®] Exol 2% A E Aol i &
5 A7) 98 5 gL T3S E33h= vhR] ol yeast extr-
act® 15¥| 20 g/L7hR] WA A Aok} 74 FEF 24
3tsdct.

Aguleka} 714 woke- 2.5 L& 7| (KF 2.5 L, Korea Fermen-
tor, Korea)ol| A 2t£%3] 1.0 LE 3= o 7 mjokzAL &%
= 28°C, &7] FF £% 05 vvm, pHE 25% gtV olE o] &3]
o 682 YA, SE4MR] T E3} 244 FE 20-
40 %E FAANRLH, T 500-1000pm o2 344 1, Wk
=7} 1000 pme] Aol A £F449) FEE FAAA F7] 98 <
3t Ak E FFelsich =3 dASuoke 2] 384 wioke 3t}
7t 23] FE7 0 glo) He A A AXE 3N 258 g9
Al fA137] 8 AEPEE o]83le] /A s AL TFskch
7t Aol dAAT S 02 A8E A3st oM EAL, TE
Z 2 TA FEE S =3 A 013 YAk Alg
£ SUALE A5l GSH-19) A EZE 2A 34t

Fr7HA] wlore 7| A S A vl AR T2 e o3 o]
& HXE 3] 2| 5ulR] F3HH (exponential feeding)® 2 F3
Hch 718 FF 5+ AlEEARR|A ) 93 ohe Zel19].

“v, X, ex

F= Y, s: = W
A714, pe TIAEL] vAPFLE (), Sor FTF71HY VAFE
(gL), X;& P AE4 27] FAFE(0Dw), V& 27] vlkis(L),
Yy @A & A5 (ODw/g glucose), F= 713 ZF 4= (L/hr)o)
ok 8 A& 7R oE 3l hEeR) 2T S A4 423
€ ZAFE%t 929 10 board & B3 FEZEEE fAlsle] U9x s
=g 70k
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2-3. BAMuHY

TAFZE 0.85% NaCl-g-<Yof wiofelg 345} spectrophoto-
meter(UV160-A, Shimadzu, Japan)Z 600 nm®] F-3:=2 243}
o Tee] FE= vjdd F ARE 1ml st QXS
o]-4-3] 8000 pm o2 2¥-7F YA ¥ F 1 ASAS 3l ®
x5 ¥47](Model 2700, YSI, USA)Z #4314t}

o}M|EA} FE = gas chromatography(CP9001, Chrompack, Ned-
erland)s £3l &A1)} ColumnS WCOT Fused Silica type]
CP-Sil-5 CB capillary column-& AH8-3}%1.29, detector 2% 300 °C,
injector &% 250 °C, oven £7]|&% 70°C, oven #EL2% 140°C,
oven X A% £ 53 2 Cminl 2 3¢}t A3+ 1 mLE 33}
8000 pmo.2 2%87F dAlRElsle] & A5de] ¥ FF4
(propionic acid)s} G4 o] £4{3}¢ic).

GSH-12] &A% Jackson methodE <7t W33l $as)gdct
[2]). wiokedellA 3 10 mLe] A|BE 5000 pm o2 SEZ; AR
23l 9 FAE 259 47| 2 sl A A4E A
t}. 8 kg EFFE(L] AlE 100 uLE Yol HEHFE 2 mL
2 ghEr). 37°CollA 1587 ukg X171 & 3.2 % sulphosalicylic acid
£ Hriste vhg-& AR A7 o] uhgl-g 2087 J&-Foll W
A7 F 1.5 mLg #sle] A Relste] FAE AASZ 4mLe
glyoxylate solutionel] ¥-2]% A}SHL 1 mL ¥7}8le 60 °CellA 5
7k vhg A7) whg- g 3] Y A1A kg AAAIR] F 1M
photassium-phosphate buffer(pH 7.0)l =<2l 3.8 mM DTNB&-&
W1 78 Fol| spectrophotometer £ 412 nmol|A] FBFEE 24319
t}. 1 unitEs S$ A28 1 umole] y-glutamyl cysteineS AJAHEH 4=
Sl 549 Fo2 AUt

3.d0 3 0@

3-1. 7| ExEQ| ST TAMA U GSH-I MA20) 0|x|
= 9%

27| £53e FEE 5 glelA 20 gL7hA] WstE Adefol A2
GSH-19] AYAJ=kE Fig 1ol vebfigict. DataZ& Ro)x] kx| wk
HF v|AE FAFEE A9 Holrt A edstet. GSHI9 44
#x 719 Aozt Addet. et 7] =] FE7} 1 gleld
€ A Eo] o] 8% 5 & 7|Ao| we] mAH ] FA Y Ao
A} 27] 22 FE7} 50 gllo| Al HF FAF =)
71} WS} G GSH-19] AR of 20% ZHastd oo, vl
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£
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=
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Fig. 1. Effect of initial glucose concentration on the GSH-I production.
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Fig. 2. Effect of yeast extract concentration on the cell growth.

Aol BRI ke B oke) o] ZAsc) olei ol4
£ 27] 1A%E $ 02 AP SFehAL A4 KA GSHIS
P& AsNSHe FAES A o2 Aass, GCRAE £
o ohdl=ake] A4S Blssict.

3-2. 27| Yeast Extract SE7} PAHME0| DX Y%

DA ES] QAL FFAT)7] A3l ALY yeast extractE A
7hste] AAA 2 Fao] AAdgkel it 3 3kE Fig. 29 vehild
t}. Z7] yeast extract?] Fx7} 1 gL7A|= vIAE v AASET}
73] Z7131d AR 2 o]k Rl v AL TS} A 2
7¥eHA = A& sk o] AL o] 7L Ze 39 ny
A& 5ol =d3tol| Wt yeast extracte] Z7}ako) n)d] AldH oz
BRSO 2718 o)A e Ao Al

33. 27| OHEA SIt ZHIYED GSH-1 Mo Djxl=
oS

&7] opH|EAte] TAXE R GSH1 Aol wlxl= d3& =4}
7] #8158 20 gL7x] WSt S sk 27 of
A BARE] F=7 2 L7 AL ul B2 A e FX| o
YA, 5 glle| el AA ez FAsA ARe] JAsHe A
< #U3kgich. =3 o Sl GSHIY) F5% 5 g/lolAte] of
AEA FEollMe AdHoZ 37 2H4adhe s chFig. 3).
OJAL MEFALEQ oMM EAle] vl RS A 9 B EA] W
& A3 QAT S Sk Aoloh &3 7129 B3]
A &3 FAREE A ob EALY FE7) 7 g/LlE ¥
# S g/Lojslalli e FAAA 2 duAe) wha-go] HA3) A3y
€ 7122 Ho} GSH-IS] AA L oAl EAbe]| ¢ =gkl Ao 2 4}
gt} ol LANALESY AL JAlsr] g dEubEe )
Hol Bk Zlez Azted. ‘

34. Gi% HIYE BB TS S U OMIEN MM SA
SAEE 24¢ Y M ok ) A% 7)2Aas @
7) o) Agolore Fa CIEE FA & AS 2 opHEA Y
& ZARKCH Fig. 45 S 247k HA4E 005, 0.15hr "ol 2l
W sl VL T %, opA =4 = U GSHIS) A
olck. Zzke: Aguiore AR F Whelulol £19 wioels) 3
FARAL 3407k A F BPPeel £ AL FAFE,
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Fig. 3. Effect of initial acetic acid concentration on the cell growth
and GSH-I activity.

Zode] ¥ ZAToEA QY 5 9lglct w3 FAbatelel
A2} GSH-19] A YA A {2188 A7 4 e
Zhzre] A 48 AHE 0.05 hr 'el|A] 0.85 ODgo/g glucosesdS.
§, 0.15 hr ol 4] 0.90 ODy/g glucoseSiTth. BFH L & 0.88 ODgy/
g glucose & YA 3HA F-AFch. ik oM EALS] WAL F 713 A
ol ALl Bolz] ¢kgieh. MEoNA AFFFo) WAE] v
E7F 03 hr 'ols}ellA] Aok #o) ojMEAL e wbE N AL
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Fig. 4. Continuous culture of E. coli TG1/pDG7a(u=0.05 hr ).
Arrow indicates the feeding point.
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Fig. 5. Continuous culture of E. coli TG1/pDG70(u=0.15h"").
Arrow indicates the feeding point.
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AA4T 0.1-03hr 7HRA)E 2H2; 132, 137, 147(0Dgo)2 A ] 7He
AZ FATEE BTk /M ke sk £ TEREEs
#9] 0 gL, T} wjekEale] FAY FASES] Z7be] o
Qe FAY w22 TIFY EEode] ol 4B e s &
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Fig. 6. Fed-batch culture of E. coli TG1/pDG7a(=0.1 hr *).
Arrow indicates the feeding point.
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Fig. 7. Fed-batch culture of E. coli TG1/pDG70.(u=0.3 hr').
Arrow indicates the feeding point.

AA 7] AR AR, vl okFuby-o] Ab4e) win xe}
2] 244 23 vhA wix| o] 2= ¢lch(Fig. 6,7).

GSH-19] Al ek vl A4 e 7 -2 of £ Fo}4] 130, 120,
100 unit/Lgic}. o1 AL HF FAFEE A9 v f-A1813A]
uk, 4h3-F7]ol] A7) o} EAbell o8] GSH-19] AAbell A5 whe-
ez At w3 nAAEE 04 hr e FAQ HEEE
5 3k (ODge=71), wlo}F7]oll ui x| ol vl -2 oko] T&
Fol £A =G} 18 m WE RAEQ) o BEALE AdE] B of
o] &A=glon, Y vAALET FA)5}x] Fal= AL gl
8lsd o0, GSH-19) A= v)$- o} 28 unit/Ls chH(Fig. 8).

wlekFrlel ehd 4% dASES] Fars AEgsdE Qg
Felely] Bk Aate] FR|® AefolA tiske] sl gelo] 23
22 A% HMAANG LSS FAFEY kg X272 37
A AAE 3l Flsigich

44 B

Az BEEE ol 43l TR R fa) Ba
& FABES) A % 1 ke B¢ FAY 2= wj
AP e 3o ohest e AEE Aok

(D) 2] 229 =9 A% 2 GSH-19] QA6 A3 Ao
A FAAAL 50 g7R] A9] d8ke bR QISEA|RE, 50 g/lo|A}
ollAi= GSH-19] A ak-E 25 % A= Zhasiedct.

(2) 7] yeast extract] FEoll ¥3 AY A= 1 g/LolAtolx]=
ol B2 FAA o) A F)elA] wgket.

(3) 27| oM EALY] Fxo abZ FAAL 2 GSH19] A
T Afedre 271 F571 5 glolAelMe FAXRA3 GSH19)

BIE1BEt RI3sH Hj4Z 19974 83
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Fig. 8. Fed-batch culture of E. coli TG1/pDG7a(u=0.4 hr ).
Arrow indicates the feeding point.

=7 333 Aags S

4) 8] L] A 97 Aokl 0.05, 0.15hr ! &
7HA] 7354 wloF kel Q7te] oha Eate] AAEE AL W
ZAstg o, FA 8 A4(Ya)e 0.88 ODgo/g glucoses YA 3}A|
2= gdet.

6) MRS T - A3 F7H kel & v AL R 0.3
hr'e|sjol A ol EANY] ™oy} TEFe] &Ao] Tas|x| o}
e, HF FAFEE A9 Zskeh v ARSE 0.4 hr o] AtollA]
£ Aol B2 oFe] Zedu) ojHEAle] 2AFY 1, HFE FA
F59 GSH-19] ¥5+& 3A ZFasic).

g A

£ d7e B1- Axr|ehdAgled o8 sasdes, o
] X Yol ZHAl=dc}. =3 E. coli TG1(sup E hsdA 5 thiAlac
pro ABY7#5+2} pDG7a plasmid-Z 243 4 wald] o)Aed w4
97 k=g ek
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