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High Production of L-Ornithine by L-Citrulline Auxotroph of Brevibacterium ketoglutamicum ; PART
II: Production of L-Ornithine by Controlled Feeding of L-Arginine. Ryu, Wuk-Sang, Hyung-Wook
Jang, Hong-Weon Lee, Joon-Ki Jung, Soon-Jae Chang’, Yeon-Woo Ryu?, and Young-Hoon Park*. Bio-
chemical Process Engineering Research Unit, Korea Research Institute of Bioscience and Biotechnology, PO. BOX
115, Yusong, Tacjon 305-600, Korea, 7Yang Ji Chemical Co., Ltd., Ansan 425-110, Korea, *Division of Chemical
and Biotechnology, Ajou University, Suwon 442-749, Korea — A highly productive fed-batch fermentation process
was developed for the production of L-ornithine by using a new stabilized strain, Brevibacterium ketoglutamicum
BKS52. Fed-batch culires with a continuous feeding of the complex medium were conducted on various operating
conditions. The optimal concentration of phosphate in the complex medium was 2.1 g/I.. The optimal feeding rate
of L-arginine was (.028 g/L/hr. The optimal feeding point of the complex medium was determined to be at 40 OD
of the cell mass. The final I-ornithine concentrations within 64 hrs of cultivation in 5 and 50 liter fermenters were
73 g/L. and 71 g/L, respectively. The maximum overall L-ornithine prodctivity was 1.14 g/L/hr which was about 2
times higher than that of the conventional fed-batch culture with intermittent feeding. The overall productivity of the
fermentation system is remarkably improved by employing the optimized conditions, and it offers a significant

potential for industrial application.
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B dTgo|A] AME g5 B, ketoglutamicum BKS2
(KCTC 0410BP)°|v}. Fuljx] 9 ZHAwjR2E YPD
medium(pH 7.3)% M9 medium(pH 6.8)[4}> Z+7 ARS-
alem Hod wel wiAAdES A AMSIH.
L-ornithine AJAHE $98F Evf2z Wik 2 f712] wiofd
712 LEEIR)S] FAL- #A] literd 60 g glucose, 10g
yeast extract, 10g (NH4)»S04 04g KHPO4, 03g
NapHPO,, 1g MgS0, + 7H,0, 20 g CaCOs, 1ml 73
&40 (2 g FeSO, - TH,0, 2 g MnSO, - 4H,0, 1 g ZnSOy -
TH,O per liter of 0.1N HCDol™ pHE 4N NaOHZ
722 2Asle] AMEIIHTE 7 LR Arsl Bgdhl
Z](complex medium)= A literd 660 g glucose, 15g
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2hz wiekE 30°C AR 4] (KSI-200L, 877|412}, A
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ZAFsITH(Fig. 1).
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Fig. 1. Effect of L-arginine concentration on L-ornithine produc-
tion.
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)7t 57) Wil AeZ oA, Larginineo] wik
Hof| TpER 2RESA HE RN HFALEAE 7|t F
dhEo] ghade] o] NEAAE HEAMTE £R=T L-
omithine®] AFAkS- $J3lMe Ap]|HA b= Holo
gieel] Z4 A3t 718l sk L-aginine F=7¢
100 mg/l. ©]3}e] e %2 EX|sle] L-arginine 23
#abe] vielA Hm AlzAAe] AdHEEn Axe] o
AR} L-ornithine AFs el 7449 4 AT =3} L-
arginine %Gk 2T7A] o] AIE revertant’l ZH T $184 0]
Z7Y9e} L-omithine AAke) A= Aol
wEbA ofeHe] ekl ag ghEsk] vkl AkEs)=
L-arginine =7} A2 L-ornithine AJARFE(Q,, B]L-
ornithine Akl W) X= oJ3kS FASIACHFig. 2).
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o] = vjepyhon] el wjokd FEd= L-
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Fig. 2. Effect of residual L-arginine on specific production rate,

oA o) I el d3kE viAE AR ¢eElA )
t}20]. olel we} AAE (PO #l29) Algr|d=E AA
3le] L-omithine 714 L&A Hgst ik 525
5 liter WEF(KFC MK250, 3-=4E7]|(F), o1& )l &=
ApslE e (Table 1).
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Table 1. Fermentation parameters depending on different concentration of PO;~

Concentration of Fermentation 0 Maximum cell L-ornithine Productivity
phosphate (g/L) time (hrs) Mamax () mass (Xn, g/L) produced (g/L) (g/L/tr)
1.9 70 0.03 34 57 0.81
2.1 75 0.03 41 65 0.88
23 70 0.047 48 52 0.74
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F3}=|e] ¢l L-arginine®] 0.021 g/l/hr, 0.028 g/L/hr, 0.036
o/Lhee] 52 247k ghoix A|gk FFE=E AT o
Aol FalEe AFQ] WEA 2442088 B
A8 d4A 08 FF3= L-omithine f7H] LGEE AE
3l =k (Table 2).

o Hz Bhr] A7 Hd AE ugAELEE L
arginine #5557} 0.021 ¢/L/hr, 0.028 ¢/L/r, 0.036 g/l
Mrd W ZzF 0029 he”', 0.041 hr', 0.056 '2 kel
L-arginine FFEE F71e w2t Hd) A2 vAAEER
F71= %)

=8 L-omithine A& B9 L-arginine 3 H5ES
0.028 g/L/mr2 A3 Axp M| E2] iAo ZHAsA] oF
o} W& A} 65A17H4 68 ¢/1.8] L-omithinee] A== 7}
A =& AAE Heo] thFpE-2 26%, L-omithine A 4H
£ 1.04 o/Lhe2 Wepde} L-arginine 547} 0.021
g/L/rd vl 8L 7847 60 g/1] L-omithine®] Al
AbE]e] 582 23%, L-omithine JAH3-2 0.77 g/L/hr
2 vehdon Larginine 458 0.036 g/L/he2 -2
o WEAT} 8447 66 ¢/l L-ormithineo] AAFs o]
82 25%, L-omithine A2 0.78 g/L/hr?] H#AE
e}, ol whEA|Zte] ZejAl o) L-arginine® 7
FEE OE JPdE 53] Xevde] wixel| o] 45
of ot FAfolBbT = = A

A 02 -arginined 0.028 g/L/he2] £58 IS
o) WEA|7}e] 7F3F kAL L-orvithine AN 2 A4k
£ F7 71 B AHAE Vehlon R o)E 7 #
EFAA L-arginine®] 34 35 $=2 AR st}

L-Ornithine &M F7HA Blada

$4 BshiA] AZAEE AAs] skl HEE
A 371 Z2F 20 0D, 40 0D, 600D, 70 0De] A&
oA Bahx] FFS ARl ARG 5 liter LEZA]
“slsldTh(Table 3).

7 Az A BE7F 40 0D7F Hi= Aol Eghu)A]E
) AREed wEEr)e] AE YalEdo] F3E
] ek whEw77kR] FHAOo® FR|EE=24 L-ornithine
AA A 7|z D AGeE SHeN A 22 ARE
1o} o)uf FAETs} 40 OD7) He A]Fe] BE WF
AZF 13X 7157177 B 2B BE 65~7042¢
A AYehe 7S Tedhd AMIA GaZr) e Bt

Table 3. Effect of cell concentration at the addition point of
complex medium

Cell mass Period of L-ornithine Yp/s Productivity
(OD) production (hrs) (g/g) (e/L-hr)
20 35 0.18 0.75
40 52 0.27 1.14
60 37 0.26 1.04

80 33 0.20 0.80

A7 FaEes AE owlEet

olike] AalolM HHFE o8] 24 & BF sl
of ezl skadd, #7184, 7], L-arginine®] &
Aol Z3E SRS LELR |7 AEH0F Ag T
R 7R HEFAE 5 liter WEENA HAHF8| 7]
Eo] 74 F4) Whgel efgt f7RA wieke w|wslod
(Fig. 3).

L-omithine & A2} - 4%kt 40 ODol| °]& A|
el L-argininee] 3.5 g/L, AR =7} 2.1 gLz %%
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HES A TEWAA aFHes FFaeich 1
A5 AL HAHAo) B9 AT LI A
2 L-ornithine 4% A&} dabe] WAEx%] gdozz
4] L-ornithine “JAMgo] 718 FAd| Hl& =24 7}
%t

AH o R frha URFAS FHHFelE R
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Fig. 3. Time profile of cell mass, glucose, and L-ornithine con-

centration doring fed-batch culture with continuous feeding of
the complex media in 5 liter jar fermenter.

Table 2. Fermentation parameters depending on feeding rate of L.-arginine

Feeding rate of Fermentation i Maximum cell L-ornithine Productivity
L-arginine (g/L/hr) time (hrs) Mo (hr ) mass (X /L) produced (g/L) (s/L/hr)
0.021 78 0.029 23 60 0.77
0.028 65 0.041 26 68 1.04
0.036 84 0.056 25 66 0.78
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vERdh o] " 7)1E T 1 F4 EE AR
714 viekt v RE HIs Table 4%} 2}

&, WEA|ZLe] 9647kl 64A|7E SR 30412F o] A}
zxgon AAE 0.61 g/ig/rel A 1,14 g/gme2 2690 A
= M 298 vehligle

L-Omithine §714 SEMM 29| Scaleup

5 liter EEAA A 23 L-omnithine A4k 714 2
R572 50 liter W& (Bioengineering, Wald, Switzerland)
2 scale-upsloict. AvtE o=z 5714 wEe] A$ scale-
upAl 57) 8k FAI7E AgzTe] E 4= 9le] o] F wA 3
Aslodol =4 o]u] A4 Hwu|HALA (K La, volumetric
transfer coefficient)”} scale-up®] w|7/#4 == X F2A]
Za35k 2u|E Z1ET3). o] Kia 32 &=l geometric
ratio, 7|A| freg, IHEE, FAEA]C] L]Esle] WE|2E
et HEd 5 i

u}elA] Dynamic method[3]1E ©|-83led 5 liter REE 29}
50 liter W& FojlA WRkEE(rpm) HEel] @2 Ka FE
ZAsle] v wsldv(Fig. 4).

olw] 5 liter W& Tl A= impeller 2]7A0] WEZE 2|72
4/109] six-blade (urbine type impeller 17§12, 50 liter 2
EFME impeller Ao WEE 272 3/109] six-

Table 4. Comparison of fed-batch culture with intermittent
feeding and continuous feeding of complex medium

Fermentation parameters Intermittent Continuous
rmentahon p feeding feeding
Fermentation time (hrs) 96 64
Cell mass (g/L) 49 48
L-ornithine produced (g/L) 59 73
Yp/s (g/g) 0.22 0.28
Molar yield (%) 30 37
Productivity (g/L-hr) 0.61 1.14
—&— 5L fermenter
—O— 50 L fermenter
4ar -o
'_I‘Q
g5t
i
=
52T
e
1+
O 1 1 1 1 1 1 1

200 300 400 500 600 700 800
Agitation speed(rpm)

Fig. 4. Effect of agitation speed to volumetric transfer coeffi-
cient (K, a) at 5 liter and 50 liter fermenter.

Table 5. Scale-up of L-ornithine fermentation

. 5 liter 50 liter

Fermentation parameters . )
fermenter fermenter

Fermentation time (hrs) 64 64

Cell mass (g/L) 48 47

L-ornithine produced (g/1.) 73 71

Yp/s (g/8) 0.28 0.27

Molar yield (%) 37 36

Productivity (g/L-hr) 1.14 1.11

blade turbine type impeller 2705 A48T

2 A @ETr) 400 rpmE dejAHA e TdkET
o ogt = YEEAo)S] Kpa Fhol HselA]7] Al=sted]
k%71 500 pm@ ® 5 liter LE 2 50 liter HER
o Kia 32z 34 X 107%sec )@l 37X 10 (sec ) OB
velg}. o) AFEE Polzl 2 liter WEZE 5 liter T
B2 Atele] Kia gholl Wit AFRAAIE esle] 5 liter
W EA] 50 liter "LERE scale-upr] Kia 3He oA}
A FAAZI7] AF TA T Fok 2] B Y
ke E FAslgc) ah 5 liter WEFAM P2 A
E 50 liter HE T A ANQ3)7] Hsted 5 liter WEZeA
HAzeE 2AL 50 liter WET] U3 2Ll o
o W2 A T SVl wEk 400604 700 rpm7t
A Z7MAA LEEY DOTE 30% ©|A2=Z 223w

O A dEETe X Az oAb 9 L-
ornithine AR o] WEL7|7}x] XL o7 Ha]ze] Wb
BAS 64A A 41 g TA s=sh 71gL9 L-
ornithine®] Ak}, old wi=E = L-omithine A+
Aol ) 27%(molar yield 37%)¢ 1.11 g/L/mrE el
5 liter & Foil Ao A7} A=K (Table 5).

=) ]
< =

2 gy A3 +F2 2 Brevibacterium
ketoglutamicum BEKS2(KCTC 0410BP)YZ AR&38le] L-
ornithines AJ4Fs17] 918k f7H] LEFA 712 s}
At =A L-omithine AT Hd7F 5= 2hEohy
A& L-arginine ¥4 10~15 mg/LE vhelygel. H7kA
Wbl ddAoE FEHe SR Qi 5= 2 L
arginine Fu-5E HAHERE Z3 47 2,108 0.028
gL/MrE vieRget. o]d BI3hfR]|e] H7AIH2 74 FEt
40 0DY™ L-omnithine A4t o] 7F Fke}. A= da
Y L-arginine F%=7F 10~15 mg/LE A|gHe] F-A|5H =%
L-argininee] ¥y Bahz|2 d&zog At FFo
W26l 3] HA Loomithine §714] L& by e sug
= oddeh o= Sliter MEFAY 2A AaE 50
liter HEZ20] scale-upl A= AFA e AHAE vehi
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o] TF 27% oAk Wl 111 g/lbr ol =2
AL Rolm2a) WEAa} 6447kl 70~73 g2 L-
omnithineo] AT}, B3] o] Ak 71EL] 7HY F
o ubgel 28k FH] wioks) vlawsled of 20 Hx= F7
3 AFEA ARAE A= 82 £ 9 ZleE Jot
= oiet.
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