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In order to minimize the reduction of lysine productivity by accumulation of lysine and byproducts in the end of fed-batch
fermentations, a salt-tolerant mutant C14-49-3-15-7-3-20, which could grow at high concentrations of NaCl was isolated

through mutagenesis from the Corynebacterium glutamicum mother strain .

In the evaluation of L-lysine productivity by

fed-batch fermentations using a 5 L jar fermenter, the sait-tolerant mutant strain C14-49-3-15-7-3-20 produced 130.6 g/L of
L-lysine with a 48.6% of yield. The mother strain | produced L-lysine concentration only 104.9 g/L with a yield 41.8%,
implying the improvement of L-lysine productivity by introduction of salt-tolerance character. ’
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Liysine ¥ ¥ +8& 98 4 92 Aolt, meapy 2
A= salt-tolerant mutantE 7J 3} L-lysine AXAS =
tA17131 T3 salt-tolerant mutantE characterization }113}

shed =40 Qi

e ¥ 2y
N8 2F
B A M = Corynebacterium glutamicum I [S-aminoethyl-
L-cystein (AEC), q-amino-B-hydroxyvaleric acid (AHVY,

temperature’, fluoropyruvate(F-pyr)’]S o]-£3} St}

B 3 Hi QY iy

L-lysine AAbeg dolB 7] s SA ®)A] (glucose 10
g/L, urea 1 g/L, polypeptone 10 g/L, yeast extract 5 g/L,
beef extract 5 g/L, NaCl 2.5 g/L, Agar 22 g/L)d] HZE3lo
30ColA 36-40A17F At wiFE = 5 mle] Aujek w)x)
PS (sucrose 50 g/L, KHoPO, 1 g/L, Urea 1 g/L, CSL 12
mi/L, polypeptone 10 g/L, yeast extract 10 g/L, nicotinic acid
3 mg/L, thiamine-HCl 1 mg/L, d-biotin 50 ug/L, B-alanine 5
mg/L)E XF3 50 ml AZAEZe 230 1 loop HE3Iu)
8% (30T, 250 rpm)2 8-12A17F wiksle) #A &
E (ODao)7} 5-69 w), 10 mle] F-A¥ WJX] (sucrose 70
gL, B 30 gL, (NHsSOs 50 gL, CaCO; 50 g/L,
KH:POs 05 g/L, MgSO4+7H,0 0.5 gL, CSL 14 myL,
thiamine-HCl 0.3 mg/L, MnSO: 2 mg/L, FeSO,7H,0 2
mg/L, d-biotin 1 mg/L)7} EFF 100 ml HztEeAT0
5% HE3td A7 i) (30T, 200 rpm)E 5-6 Hj
A

F7H s Gl e APE WlXIQ) SA TAMIAY) Az}
o 30TolA 3640417 At) vl 3 H 50 mle] HujeF
HiZ] PSE ¥ 93 500 ml 4H4Z e A= 1 loop 25
A8 wl%r] (30T, 200 rpm)E 14-16A]7F 9 F3t4T &
A F% (ODsoy 5-69 wl, 1 Lo ZWjeF wlx] S (sucrose
36 g/, G4 24 gL, (NHs»S0; 10 gL, MgS0,;-7H,0 0.5
gL, KH,PO, 2 gfL, Urea 1 g/L, CSL 36.5 ml/L, nicotinic
acid 5.25 mg/L, thiamine-HCl 2 mg/L, B-alanine 5 mg/L,
FeSO4:7TH,0 5.5 mg/L , CuSO4 1 mg/l, AZ-20R 0.25 ml/L)
7b FE 25 L 2aF (Zutole®)ol 5% (vv) HEE
Attt YL EE 315C, B34S 1 ywme g §3
A 2y £2E 700 rpmE dgow, NH,OHE o] &
stel pH 698 ZFstd Fujdsle] FA ¥E (ODew)
3540 A=7bA g oy Eujk wiA LMo HE3Y

Tk Bl 13 Lo Bud HiA] LM (sucrose 18 g/L, % -

9 12 g/L, (NH,);S04 40 g/L, MgSO,-7H,0 0.6 g/L, KH,PO,
0.6 g/L, CSL 20 ml/L, nicotinic acid 1.5 mg/L, thiamine-HCI
2.3 mg/L, d-biotin 200 ug/L, FeSO-7H,0, 11 mg/L, AZ-20R
02 mijLyo] 23% 5 L LaZ (Fulo]oe)d] 18% (viv)
7t HEE AdEgd. TE 7|7 F9 NHOHE o] £31d
pH 692, Wyt %= 850 mpm, E7]FE 1 vwmo 2 23
sto] wigstAth 27 BERY) xE 33Cog A
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o 37} packed cell volume (PCV)o] 6-8%7} S ol
2EE 37CE S99 g gt 2a 5 vl 3
o] A=™ 7} WX F (sucrose 270 gL, 232 180 gL,
(NH:)2S04 30 g/L, d-biotin 600 ug/L)E 37}tk

Salt-tolerant mutants2| 22|

Salt-tolerant mutantE ¥-2]3}7) 3] C. glutamicum 1 T+
FE NTG (N-methyl-N -nitro-N-nitrosoguanidine) 2 A 2] 3t
3 saline® 2 A washingd} Gt} 8-10%9] NaCle) ¥ 3}y
o] Q1= SA broth ¥ Ao HEs}e] 30TA 3-5¢ ujYs}
WA enrichment® 33} tl. SA viX oA A2 #&
8%, 9%9 NaClo] E3FE]o] 9l SA agar Hiz|d] =23}
o vkt t) 8%<] NaClo]l Z3tE Hjx|o)A A&Fo] i
E mutant colonyS} RHF7F AR = 9%2] NaClo)
ZEE A A A= colonyE AR o] flask v RO 2
L-lysine AJ4beS drolH.opch

L-lysine2| Xzt

g o] L-lysine 5%+ paper chromatographyZ o]
43t AF 3}k 3MM chromatography paper (Whatman)
of WtgNg HA3 o butanol, THFS 1e)3 acetic acid7}
35 :25: 12 39 AMRA 16-1883F HAMS 5 paper
£ WZEAZt. 02% ninhydrin  solution paper 9
sprayerS ©]§-3tod ¥@ th-& 60T dry ovenol A 387k b
S A Zith WA B 96 2% ninhydrin solutions Hojmy t}
Al 3E7F ¥k2A171 5 0.1 M phosphate buffer (pH 7.0)2
GARAE HA F dry ovenol M 4083 WA T
: )

D12 49 89 10 mld) /7 143 A= &3k
Sdnk mehfo] 2500 pmolX SEZ A4 ¢ H &
T4E 570 mo X FHEE FH3AT

oH s ¥ 2 sk 24

A &% 24L& optical density (0.D.)$} pack cell
volume (PCV) W& o] &3t9ct. 0.D.9f AS FA) v
AL ZH4=2 HAF F4ete]  spectrophotometer
(Spectronic 20+, Milton Roy)E o] &3] 610 nmo)A] FH=
E 333893, PCVE ZA Hlgd 10 mLE& 4000 rpmo
A 1087 AR F G5 AL o] &sld e

W gd e @ 55 F4.2 Bertrand method H-E ©] 831
total carbohydrate® Z43dglow PG HTEL glucose
(Sigma)E EZA)EE A}&3}e] DNS (Aldrich) ¥l o g =
3 HH(10).

23 3 1%

Salt-tolerant mutant9| £z|

Salt-tolerant mutantE Eg]3}7] 8] WA 2EF 19
NTGE A E3e IF = WHolE FYP& F 9%9 NaCl
o] X% SA HA wAA enrichmentr]ZTh WF F
EgF F AAA ¥v 9%9 NaCle] ¥3+d SA ujx]
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Tt waA QA gFE AEE ). Flask v
< 7Y F Llysine BAFES HH3 23 2 FF 1=
53.3 g/L9] L-lysineg AAMIHYT F&0] 51.6%2 Felyt
. ¥HH salt-tolerant mutant C14-49-3-15-7-3-20 #3= 61.2
g/L9] L-lysine® A28t H 1 80] 61.0%% HTable 1).

Table 1. Comparison of L-lysine production between C. glutamicum
strain I, and salt-tolerant mutant C14-49-3-15-7-3-20

Consumed sugar  L-lysine L-lysine
. Growth . . :
Strain (ODe) concentration  concentration  yield
(L) (/L) (%)
1 294 103.6 533 514
C14-49-3-15-7-3-20 294 100.5 61.2 60.9

SA HiX|Lf NaCl 5o ME 2FF 3 salt-tolerant
mutante| MZ H|@

A3l salt-tolerant mutant C14-49-3-15-7-3-202] E-4
dolr 1zl 3t C14-49-3-15-7-3-20 T2 ZHZ= 1
o]-&5td SA broth HjA] 2] NaCl %o wa&
A A=E W23 YohFig. 1). controldl 025%} 8%, 9%,
10%9) NaClo] 2335 wjAo]A v%3 247 mutantE-L §
%, 9 %, 10 %2] NaClo] £350] Q= w=o) N wFz
¢l 1Et} OD o] =Skl growth rate®™ =gtk 10%9]
NaClo] 230} Qe vl oM EdF 19 A Ao
94% XX inhibition B W galt-tolerant mutant strain
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Production HfX|L{
L-lysine 4 AHZF H 1

F-Ad wixe FFxo o2 #3] A 2 L-lysine A
AgEs dolBuA)l ATt 10%, 15%, 17%% G558 2
i oksl A3} salt-tolerant mutant C14-49-3-15-7-3-20
R2E TR 275 [HTY growth ¥ L-lysine AJ
9 tHFig. 2). Bt 19 Afole deEst Eof
w2} L-lysine AJabeko] wrolxle WM salt-tolerant
mutant strain C14-49-3-15-7-3-202 10% %} 15%9) FFxo)
A 603 gL, 596 gl o] Ae Msahen 17%9
W #A F%7} (ODeg) 23.2, L-lysine 47.4g/LE growths}
Ry reFo] ZhAE ot

gszo oOE 7H 4%
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9] NaCl 5o W& o3 A3 2 L-lysine AJ2HaFS dof
B gk 0%, 1%, 2%, 3%2 T2 Zaldly u)ek
3 Ad TFZE 19 ASdE NaCl $=7} Z7}13te) wka}
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Figure 1. Comparison of growth of C. glutamicum strain 1, salt-tolerant mutant C12-49-3-15-7-3-20 in a liquid medium with high salt
concentration (Experiments were conducted by cultivating cells in a 250 ml-Erlenmeyer Flask containing 25 ml of complex medium supplemented
with 025% (a), 8% (b), 9% (¢) and 10% (d) NaCl, which was controlled at 307C and shaken at 250 rpm (4p; strain I, B strain

C14-49-3-15-7-3-20)).
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o] Aol 1%9 NaClo] %3g wix|olA] 57.5 gL, 2%
9] NaClo] 39 HiA M= 57.1 g/l 183 3%<] NaCl
o] Eg WjAo|HE Llysine AAo] 553 gLz =7
A2 AATEg 3. oldP ARE ugoz o
C14-49-3-15-7-3-20 T 5 salt-toleranceE 7}A 1L oA
WA ol nFEe F3 satE et osmolalityr) =
< FRgME & A & Q& AoE Agdn

Table 2. Effect of proline on the growth and L-lysine production by
1 and salt-tolerant mutants in high salt medium

2% Salt medium 2% Salt medium

+ proline
Strain
lysi L-lysi
Growth Cor];cgj;lzon concelzilxi;:teion
(ODs10) (e/L) (ODs10) (@/L)
I 25.0 435 31.0 50.1
C14-49-3-15-7-3-20 330 60.8 34.0 577

60 70
5 @ E\B 60 _
© | 508
&40 S
o 140%
= 30 IS
5% {1208
10 ‘OE)
’10g

o
o

10 12 14 16
Sugar concentration(%)

-
o)

Figure 2. Effect of high sugar concentration on the L-lysine
production and growth in C. glutamicum mother 1 and salt-tolerant
mutant  C14-49-3-15-7-3-20. Cells were grown in a Erlenmeyer
flask(100 ml) containing 10 ml of production (medium with 10%,
15% and 17% at 30°C with shaking at 250 rpm, 4p; growth, ;
L-lysine for C. glutamicum strain 1, W; growth, (1; L-lysine for C.
glutamicum mutant C14-49-3-15-7-3-20).
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Figure 3. Effect of high salt concentration on the L-lysine production
and growth in C. glutamicum mother 1 and salt-tolerant mutant
C14-49-3-15-7-3-20. Cells were grown in a Erlenmeyer flask (100
ml) containing 10 ml of production medium with 0%, 1%, 2% and
3% NaCl at 30 with shaking at 250 pm (4p; growth, <>; L-lysine
for C. glutamicum strain 1, W; growth, [J; L-lysine for C.
glutamicum mutant C14-49-3-15-7-3-20).
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I1=sT9 salty} ZEE/0f Y= production HIX| LY
osmoprotective compount ¥7} 20| ME Fo MF
A L-lysine AR U@

B 19} salt-tolerant mutantS osmoprotectant®! 0.9 g/L
9] prolineo] ¥3§tE o] 9l high salt mediumo) A vl %34
CHTable 2). B F I+ 1FE9 salt7} ¥35Ho] = o
Aol osmoprotectant = A7}3lH e AS HIEA gL F
¢RT o & Aal Llysine AAFE & Aot 344
9} salt-tolerant mutants®] 74 -$-o = salt-toleranceE 7}A| 11
7] W& prolineo] X3 o] Y= WA} EFH o 9l
A & wjANA Y growth B Llysine AAiteFo] H&d
Aolth, A¥E A A 1 739 HF 2% saltdt £
FEo] le wiAA FA FE (ODsw) 25.0, ko]
43.5 /L]l WA prolineo] H7ME HiAQAME TH F=
(ODg0) 310 gL, AAVZo] 50.1gL2 Z7}atQch a2ut
mutant strain C14-49-3-15-7-3-202] A-L-dl= 2%9 NaCl&
A7¥eta prolines F7MSkA @kE AS A TR
(ODgio)= 33.00]2L L-lysine AAbzke 608 gLl b
prolineS- 78 AE A-Fole #AH F= (ODea)7} 34.0,
L-lysine AJAFeFo] 57.7 gLz Thak 7hAd Aol Jehyd
t}.

714 vigko| 93 L-lysine MAE Bl 1

5 L HaRE ol&3lo C glutamicum 1 2} salt-tolerant
mutant strain C14-49-3-15-7-3-20 ¥ F& 714 vjgdyo s
ket wo] A4 E Llysine A4tgg golrskth Hj
FAl 7] REZY LEE 33CE FA 8k wieFslEA,
PCV7} 75%7F He AHd 58 37TE LdF2E2A4
oA FTEZ Jhe g9 3EL £0]al Llysine A&
Folxz 3dgrt. 1 A salt-tolerant mutant  strain
C14-49-3-15-7-3-209]  7A-¢ #A FE=7} (ODew) 91.0,
L-lysine X 113 g/L, L-lysine & 41.8%°]%th(Data not
shown). &}A| 9} mutant strain C14-49-3-15-7-3-209] 7% &
TE ICE TS W 7o AR Tt =@AE
Z10 2 Ho} temperature- sensitive mutant®] HAOE AlFE
o & 2L 3L P59k

5L 2aZRE o)&3lo C glutamicum C14-49-3-15-7-3-20
TFEE 71 wgEes WU o 227 74 B
2 Llysine Aol VA Qe gotBuz Ytk 2
TF9 A% 2E 279 25& 33TE fAskd wjgs}
WA, PCV7} 75%7F S A £58 371CE S¥EL
2A 74 FEE Jle €49 3ES Fo]i Llysine A
A& ZolmAl 3Ytl. 28] mutant strain®] Ao wj
F 2EE 33T FA39 g AR 27 2ERY
Wk 52 3302 $X59 wgsEA PCVI} 7.5%7}
He A-d Hig =2E 35C2 &8 F3 wYgs R
H) ek t}. Fig. 40]AM 9} o] BEgF Ix 38417 < ol
G AE W L-ysine FX 1049 gL, L-lysine & 40.5%
E velfglok ¥HE salt-tolerant mutant C14-49-3-15-7-3-20
9] 7AS 2EE 33ToAN 35C2 &3 wWFsge o
L-lysine §%7} 130.6 g/L, L-lysine 4&0°] 48.6%=% 713
B %9 Llysines A4t3tgch 283 33T g &%
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oA 35417k b wikg H$ole Llysine ¥% 1224
gL, Llysine & 445%E uJehloth 2822 NaClY
WAE 742 C glutamicum C14-49-3-15-7-3 F3=9] Hjok &
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Figure 4. Effect of temperature on the growth and L-lysine
production by C. glutamicum strain I and salt-tolerant mutant
C14-49-3-15-7-3-20 in fed-batch culture (a; strain I, b; strain
C14-49-3-15-7-3-20, (a); The Arrow indicate a temperature shifted
from 33T to 37T, (b2); The Arrow indicate a temperature shifted
from 33T to 35C (4; Cell concentration (ODsyg), M Sugar
concentration (g/L), A; L-lysine concentration (g/L)).

2 o

B AT M Corynebacterium glutamicum 1 1ol salt
toleranceE® T8 ed L-lysine A4baFS =747 24 &4
th 1 735 ©]-439 mutagenesiss 33} F EFF7}
A= Zahe 9% NaClo] &8 wjA oA wWEA A
A&l C14-49-3-15-7-320 75 AMEH3S Yt} flask v ko
2 L-lysine A2He ZANE A3 2d3 19] Z-$ L-lysine
T} 533 g, §0] 51.6%9) wid BiO]-[— C14-49-3-
15-7-3-209] 7 §-oll= L-lysine = 612 g/L, & 61.0%=%
el agla 5 L RERA f714 wiHoz vk
3le] L-lysine MRS ZAVEYY. 21 Az 2EFe
1130 g/L9] L-ysined et &L 41.8%0%ct. 3}

Amk wolgo) ALee 33TE FA 3t wjgd §F PCV
7F 15%7F He= Ade Wi 58 35CE 28T v
F3IRE w Llysine AatzFo] 1306 gL, S&0] 48.6% 2
Rugsro g 4o Llysined AYietdd.

L-lysine AjAvzt #39] Aol thgl osmotic pressured]
odske zAlEL7] Y WHolF Cl14-49-3-15-7-3-208 1%
2] NaCls} o] X3 e wixol ZZ wigsle &
A A 9 Llysine A4S AL 1 A% 2dg
© A ARl =gu AIFE FL §hE ol
C14-49-3-15-7-3-209] 7A$ol= oA A4 A=/ =3 A
AEE BaFEt 5tk 28a 2%9] NaClo Efﬁﬂ‘ﬂ
e iAo osmoprotectant & H7}ERE AS AT
A AR 9 Llysine AArgFo] FolAHt}h A9k Cl4-49-
3-15-7-3-20 759 7 $-o]+ proline?] Q&S ] okt

o3t AT Corynebacterium glutamicum T salt
tolerances = H3HH L-lysine AL ZA AL &

9es Haste.

N

N

# A

o) EEL HAZ FAAY
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