Kor. J. Appl. Microbiol. Biotechnol.
Vol. 27, No. 4, 292-297 (1999)

Brevibacterium ketoglutamicumE O|Z8t L-Ornithine &F o1+

PART I: L-Ornithine 242F 11937}
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High Production of L-Ornithine by L-Citrulline Auxotroph of Brevibacterium ketoglutamicum: PART I:
Selection of Stable Mutant Strains with Less Revertant Formation. 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, Korca Research Institute of Bioscience and Biotechnology, PO. BOX
115, Yusong, Tagjon 305-600, Korea, "Yang Ji Chemical Co., Ltd., Ansan 425-110, Korea, “Division of Chemical
Engineering and Biotechnology, Ajou Universily, Suwon 442-749, Korea — Overproduction of L-ornithine by
mutant strains isolated from Brevibacterium ketoglutamicum BK 1046 was investigated, The strain was a L-citrul-
line auxotroph and exhibited culture instability during fermentation. Through a sequential screening effort, a highly
stable strain with less revertant formation was finally selected and designated B. ketoglutamicum BK52 (KCTC
0141BP). It prouduced L-omithine at a high concentration (above 9 g/.) independent of subculture or cultivation
time, and also had a very low tendency of revertant formation. In a long-term storage, this strain maintained its cell
stability and productivity of L-omithine to a reasonable range.
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(pH 7.2)7+ M9 medium(pH 6.8)[31& 27+ AMgs}sich L-
ornithine A4S $13t F2}2= wijokd 7| & dawr|e] =
A2 HlA] literrd 60 g glucose, 10g yeast extract, 10g
(NHg)250,, 04 ¢ KHsPO4 0.3 g Na,HPOQ4 1g MgSO, -
TH>0, 20 g CaCOs, | ml T]F Aol (2 ¢ FeSQ, + 7THH0.
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Table 1. L-Ornithine production and revertant formation of B. ketoglutamicum BK1046 and B. ketoglutamicum BK52 by subculture

Maximum product concentration (g/L)

Transfer cycles*

Cells/ml of revertant in the total cell number
(108107 cells/ml)

B. ketogluramicum BK1046

B. ketoglutamicum BK52

B. ketoglutamicum BK1046  B. ketoglutamicum BK52

1st 8.6 9.5
3rd 8.7 9.3
5th 5.1 9.6
Tth 25 9.2
9th L5 9.3
11th 1.0 9.3

10° 10!
10° 10
10° 10!
10* 10!
10° 10!
10° 10!

*cycles: seed transfer into YPD medium

revertant 8 B|a3] 2 A3 B ketoglutamicum BK1046
M= AE271HE] 10° cells/ml®] revertant’} £4131437]
%k B. ketoglutamicum BKS529] 7-$ HF27) revertant
7} 10! cells/mlell B3sid o oo 274 100-107
cells/mle]oi=th. =&t 124]7F Bt wickat 5 Fop Sl
okelie] revertant 5 &4 A B. ketoglutamicum
BK104632} B. ketoglutamicum BKS529] 7% #10%-10°
cells/mliZo) Al 22t 10* cells/ml, 10 cells/mlE vehg}.
o] F FFE FRAE ANl 1247 )t Al ke
AAIGF A3} B. ketoglutamicum BK10462] 7-$ol= [13]
Al ujoka] Zguled ] revertant 7 10° cells/ml=
F23 F7Fs1920} B. ketoglutamicum BK522] 73-%olj=
revertant 527} Z7)8)}7) okdl 271259 10! cells/ml 53
oA R fAE e ojdelx F 4 10810
cells/mlZE vepget,

b Ak Sl wiekAl7lel FAIGe] L-ornithine
Ak 7t w2 S EAHSE KR revertant
BAEx 2 B ketoglutamicum BKS2E =T, 2F
Adsleh, 3714 B. ketoglutamicum BK522] 7% =
Wo] fkelu} Azl 2a2bg oWl ¢l91F 2% 7R
o3l whs] AldiwiekE B3 xdd R4S B8 A
tElglon g wFRel B ketoglutamicun BKI10463}F ¥]3
3ed HAH Aol A g Aos FAHS 2=y
w5 oFRAA 7} o|mg f3F A2 RE -HUEEA
o WidjAe Atdul A EEH Q] FA M uilg- Fgste] gk
L F o] A8} A7} o]Foix]of & AR Azbglc)

Achujeofl mE L-Ornithine A&t 171 A0 23X

B. ketoglutamicum BK529] 7+ Alvhulefoll A i Fd
wjoFel2- YPD HejR|e] Z@bale] viehd dAE e
colonyZ HE|sled Fgul|ol| Fufof F DR[| A
Fsled 397 vkt o o1& 7+ TFY L-oithine A3
b 971 FAE 1 FEF ZARIEH(Fig. D).

1 A3 B. ketoglutamicum BKS52:= Aok B}
F7VEPE YA Gy} B Fo] Folx 53] AuiFA 9

—r
- 7.0
40 |- sog1
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Number of Transfer

Fig. 1. Distribution curve of L-ornithine producing strain by B.
ketoglutamicum BK52.

g/L ¢4 L-omithine A 4F G718 71 A= a1Y97} 7]
2L AR kAt e 73] Aleicke]Fo Ee]®
5] A Grph delxl AAAd FF o) SEE
ASE Hed iAoz Fuekhd £X18Hs L-omithine
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glycerol BER (1410l 3 Y& wAIAS -70°C W53l
Al o714 o)) A7)ZE BEshH A viable cell 4%, reverant
4 Bl L-orithine A4k 4712 7782 &A% 2+ &2
Solglel wlsd da FA5AT F. 2).

=, $2AZYE AHEEA] 3L 74t glycerol
e ® -70°C WEaelA FF stocks A7| BEFHA T
FF AMEE EQA S EAF gge]
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Revertant 7} L-Omithine M40 OJX|= H&F
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Fig. 2. Time profile of L-ornithine, No. of viable cell and No. of
revertant on storage time.

= g Euiz|el] 2z AEsle 72A17HEE SEkaTCA v
oFsPHA] revertantZ} L-omithine AJ4kel] PlX]& <3k =
Apsld e (Table 2).

2 A3 reveramt®] HdW| A E 9| AAEZ@)S L-
arginine £EF =Y 42 018h', 12 mg/L-hrZ B
ketoglutamicum BK522} ¥l on} 48x)7F F revertant
A =7} 13¢/LE B ketoglutamicum BEKS2ETL 3ul
A= Z7kE91em 30 mg/LY L-argininee] AR ®
3t revertants ANE TEHE 2508 M EA A2 T2
o] 85}9d.0v} B. ketoglutamicum BKS2E 2538 EETE
12%2} 13%% M EA3AF} L-ornithine Al4tel] 22 viod
o] £=11 gl AL R TAEQE,

= revertants= WA L-arginine el A|gH=] kil
ebielel| AlgheRtE MEAAAS sluEa FASEST B
skew] oekaFAl WelFel B, ketoglutamicum BK529]
7§-oll= L-arginine 5= AgHE o} ghigle] F-H-5]
%= L-arginineoll w18t MEAIAFPEFT SA5PHEA L-
ornithine A4k 722 & $¢le}

clgeg 27| revertant %7} L-ornithine g4kl Tl
A A Fg. 3).

A7l A= 10% AENE] revertant 55 27 0%
FEY 5% 7RA) REAAR SRR G HEEe FEE W)
ok AAFlHTh 2 ZAd REE o] wjekd W revertant

T

Table 2. Kinetic parameters of B. ketoglutamicum BK52 and
their revertant in the shake-flask culture

B. ketoglutamicum

Kinetic parameters BK5?2 Revertant

Hon (™) 0.17 0.18
L-ornithine produced (g/L) 6.3 -
L-arginine produced (mg/L) - 30
L-arginine uptake rate (mg/L./hr) 12.8 12.3
Cell mass (g/L) 5.6 15.2
Yo, (2/2) 0.13 -
Y (2/2) 0.12 0.25

60 5
‘_\50 44 ~
*40— 81)

43 -
g b E
w =
a 72 5
E 2 E
=] [=]
S 4 =

10 F

0 1 1 1 [ 1 0
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Revertant (%)

Fig. 3. Effect of revertant added on L-ornithine production.
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Aoz z7r4FEelvt = oafekiy] &7] revertant FE7F
0.1%% =AM TE e 2 F=r) 05%8 S vl
o AEz=5E5 5008 E71=e] revertant =71 0.5%%
afoll 0.1%<} BlaLske] 3744 Z7Es 9

&H  L-omithine AA] WA7)7H- Bml 27] revertant
FEZF 0.1% )3t M wiekEr)ziA] A&Ho= L
omithine®] AJAFg 9l revertant =7F 0.5%2 =43}
A RE = revertant 2| S71o) 2]8] L-ornithinee] Ak
2] £3lg3eh. o]+ L-omithine &A] o3okaTA WelF
¢ revertant?t 7o) EAE A4 whislel wisy AEAR
TEL T @FvE Al 2ot ke Al WolFTt L-arginine
o] s AEAA ] AP wlEel] wix]o] EA|sH=
L-arginine %ol s@dsl=9rge] AEAH% 88 Holn
2 L-argininee] IZ2FH® F41& m&c}l. 22} revertant
2] 7% Learginine F=o Aggle] SA5=2 27|
revertant 5 =7t YATEE 23 B A FZAA ] AlE
£ B2 k= revertant®] THFEI} A A LR Zr)E]e
WE7L AR ofoka A HolFd wls] AT
HEad 2] gy 2871 32 revertante] 2]siA
o) Fo)A T}, o)e) wWe} WEZ AAL) vhhRe) T L-
omithine FARFEE 7F2A7]5 2glo] Hrc},

upEbA L-arginine 3 8-TA HolFE AM4T L-
ornithine ¥EA] AFANY revertant F=7} 1% °I3F F,
A Fe] wjokd 7] revertant =7} 0.1% oI5}
e 27 LEE peldjokse R oE Yehdon <
Aol MR B. ketoglutamicum BK525 A3 A%
revertant 4 =7l 23t L-ornithine AAk&o] ZAFEE=
59 EAlE AR ekt

B ketoghutamicum BKE29| Bl2A X 27 Hj2k0)
A2 ordd
4 L-omithine A§At Y7} 1A 3) $=pa2 AEE
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Table 3. A comparison of fermentation parameters in B. kefo-
glutamicum BK1046 and B. ketoglutamicum BKS52 in fed-batch
cultore with intermittent feeding of complex medinm

Fermentation B. ketoglutamicum B. ketoglutamicum
parameters BK1046 BK52
Fermentation time (hrs) 108 96
Cell mass (g/L) 51 47
L-ornithine produced (g/L) 47 59
p/s D/U) 0.18 0.22
Molar yield (%) 24 20
Productivity (g/L-hr) 0.44 0.60
B. ketoglutamicum BK52E 5 liter W& FofA] 382 wf

oFS FEsle] FF 5A%) L-omithine AAF G718 #HF
Ho 7 3elsled B. ketoglutamicum BK10462] 7Z-$-¢} 1]
RS e b

a2 A3 67 AzPdel 26 /L8] L-omithineo] AAFE]
83 L-omithine A4S 22 26%(molar yield
35%)%) 0.39 g/L-hr= el B ketoglutamicum BK1046
] 7399) 24%(molar yield 32%), 0.35 g/L-he} & o]

£ HolA it} =¥ F w5 WA sxx A7 24

g/Lg} 22 g/LE M58l

A NEE ABSPAM 24477 revertant FF FA
sl A7} B ketoglutamicum BK1046S AMEF: HF o)A
= HER]F revertant T} & T 107 cells/ml 9|
A 10° cells/mle)d 3T WE AT el 1, 7] F718k
g o= 274 107 cells/miEl A revertant 57} 10°
cellsmi= vlepde). 28wy} B, ketoglutamicum BK522)
A= Z7] 10! cells/ml®] revertant %7} Wekx] @17
WEL7| 7] DA A A

o202 {74 T AeYe] I EFH =
Wi E E=rdo] 10~15 g/l o132 EAFHIE /‘]’ﬁ"ﬂ ely
fx =59 2074 YR 33 ArBiEE w71

wjekE st A3} Aozl F e LEAE

Table 3o SeFatedet.

Z, B. ketoglutamicum BK10462) 735~ Z7) 107 cells/
mi2] revertant 57} HEA|TE el wlel AL Fr)sted
WEZE A|7He) 1082 ZHell= 107 cells/m7HA] o] 232}
B. ketoglutamicum BK528] ZA-golle FEA] wjokel s}
upZAA 2 27) 10'cells/ml®] revertant 7} EA]Z}o]
A =R g A AEE o = A
=) olu WEA|ZF] 12A]7F o|AF ©EEe] L-ornithine
AAE 130 SVE R ARlE FFEAE AMTEs
Setal sk

o

[ ] oF
e =

2 AFeINE Lomithined] AFIH Ak o[ 4317] 4]

3l L-citrulline auxotroph‘i’l B. ketoglutamicum BK1046
oz Afujel 3t vzl #AIge] revertant
AEe] ¥ FE2E FAHEA 9 g/l olF2] L-omithine
AL A7V A7|H o2 W3l B, ketoglutamicum BKS52
(KCTC 0141BP)E AM3l9de). B. ketoglutamicum BKS52
= 55] Aduiokal&w L-omithine A4 Z¥7 571 F
= FEsglen 70°C BEelAe oY ol A7) M
AN E FF oAl BA7F $%iet. =8 revertanth
wieFaiell 0.1% )3 EAislA HW FA e ST
A%t L-omithine B4k #43] o @A Lot
B. ketoglutamicum BK522] 73-% ©]¥ —‘?-21]7]- ¢lelen
S24 wekn o1 e B9 ALAANAT B
ketoglutamicum BK522] 7§ kAol .,,]011-4- =TT
2 uehd o9 AldA olfe] 43 7iE Hloz g
= 5wt
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