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Abstract

Over 90 of lysine producing auxotrophs were obtained from Corynebacterium sp. S-27-12,

Brevibacterium flavum ATCC 15168 and Micrococcus glutamicus ATCC 13032 by UV light, Co®

irradiation and N-methyl-N’-nitro- N-nitrosoguanidine treatment.

One of the mutant, Brev. flavum U46-N59, was identified as a leucine auxotroph and accumulated
lysine during flask (500 ml) cultivation (180 strokes/min.) up to 21.6 mg per ml of broth at pH 7.5
and 28°C after 4 days. The medium consisted of glucose, 100; urea, 10; corn steep liquor, 40;
KH;PO,, 2; K,HPO,, 0.5; MgSQ,. 7H,0, 0.4; antifoam S-57, 1g; Fe,(S0)3.XH.0, 10; MnCl,.
4H.0, 10 mg; biotin, 30; thiamine-HCI, 100 gg in 1/ of distilled water, and 40 U/m! of penicillin

was added after 36 hrs fermentation.
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1. NEBEF
AV g Corynebacterium sp. S-27-12 &

American Type Culture Collection [ATCC)oll 4 §l 4=

E 1. Media used for the isolation of auxotrophs

$E - A 9

¢34 Ees A

3 glutamic acid 4 4¢3+ Brevibacterium flavum
ATCC 15168 ¥ Micrococcus glutamicus ATCC 13032
£ 2 &F(parent strain) £ st % 4 (15 W germicidal
lamp), Co*® ¥ N-methyl-N’-nitro-N-nitrosoguanidine
INTG) & Al gozd dgeTyd HolFE H=d
% et

2. A8HiX|

FFeTH wWelFE U7 HHAE 19 Hzx
(MM), ¥%(SM-A, SM-B) ¥ A= (CM)E A&
Belon, welF9 lysine 44H& iz X229 Py,
P, R Py HAE A} B39 o

T Media \Mlmma‘ Medium Supplemented Medxum (SM) Complete Medium
Ingredients T | M) A B (CM)

- Tl e U J .
Glucose 5.008/8 5. O\g/l\ 5.0(g/13 10.0(g/D
Yeast extract 10.0
Peptone 5.0
NaCl 2.5
(NH):SO, 1.5 1.5 1.5 f
Urea 1.5 1.5 1.5
KH,PO, 1.0 1.0 1.0 ‘

K,HPO, 3.0 ‘ 3.0 3.0 ;
MgSO, + 7H,0 0.1 | 0.1 0.1 ‘
FeSO, - 7H,0 10.0{mg/{ 10.0{mg/) 10.0{mg/l}
MnsO, - 4H,0 5.0 5.0 5.0 i
Thiamine-HCI 100.0(ug/L 100.0(pg/D 100.0(pg/L!
Biotin 30.0 30.0 30.0 i
L-homoserine 50.0(mg/I) ]
L-methionine 50.0 ‘
DL-threonine 160.0 ‘
Vitamin free casein hydrolysate 2.0{g/l:
pH 7.0 7.0 7.0 7.0
3. "ol ®a 7l colony & 25 A (AB)h HasfAof HAshd o
FF2TA Yol F & Scheme 17 2 FAH & A A 30°CeA A 48~72 A7 Wl F iuliAd e 45
A s s HroAel e 4%8A GE colonyHE e

B AAA Al : 219 Sd R HaAc)A
FE AFFAAY AZE QAR X, dejg A

223 AHxdq A 9cm-—] petri dish o] 5 ml (53_ E)-
A, 10°~10° cells/mDE ¥ & ¥ gsied A A 4L
2em g A A 15~60 2 ZAsch AP 4 =4
B 24T B¢ AFE Fo vE F SAuA o] u)
%, ol & A f4%e, AHdd HJruA 247
T s A ELE Hddod wWolFE

A7l F A A el 24~d48 A7} ¥t A

4 welFz alaglch

U4 NTG X2 : gR3uizjo] A whardl o $=Z 479
Az Ed (108~108 cells/mD) 1 ml & NTG 250~500
pg/ml & 71% wj oF (40 ml/500 ml EbA=)of A &,

30°Cell 4 30~120 7 @ + A48, 4245
Adge 23 AHste A4 Ao e ywyo
g W& Felstddcl.

) Co% 32 : Co¥8 Aee SAAFddT4
of ¢l = BNL Shipboard Irradiatior 25,000 Ci wAMA
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H 2. Media used for the production of lysine

T — Media P i

e P
Ingredients T ! ! h

Glucose 100.0(g/D) 100.0(g/D) 100.0(g/D)
(NHy): SO, 20.0 - -
Urea — 10.0 10.0
K.HPO, 3.0 0.5 0.5
'KH,PO, 1.0 2.0 2.0
MgSO, « TH,O 0.5 0.5 0.5
"FeSQq¢ « 7H;,0 10.0(mg/I) 10.0(mg/) 10.0(mg/D)
MnSOq - 4H,0 7.0 7.0 7.0
"Yeast extract 2.0@/D 2.0@/D 1.0@/D
Peptone 2.0 2.0 -
Vitamin free casein hydrolysate — —_— 4.0
Biotin 30.0(ug/D) 30.0(ug/D 30.0(ug/D
Thiamine-HCI 100.0 100.0 100.0
CaCOs 10.0(g/D - -
pH 7.0 7.4 7.4

Mutation Agar slant

R Fo} lysine 43 2A¢ HEH] A 500ml

Minimal or Complete medium (Exponential
phase cell, 6-12 hrs)

Centrifuge, washing twice with saline or

phosphate buffer
UV light NTG Co60 treatment
(15~60 sec) (250~5004g/ml) (10~80K rad.)
Concent  Kedp dark (2hr.)

ration
- Intermediate cultivation (CM 6~12hrs

Cell washing, Minimal medium (2hr.)

Antiibiotic addition (2~4hr.)

Penicillin, 40~400 U/m!
|, Streptomycin, 5~20 ug/ml
Isolation  Cell washing, CM and SM agar cultivation

L L (24hc)

[ Replication to SM or-MM Agat

~Characte Aglu slant ——» Reconfirm Agar slant
rization

Scheme 1. Process of auxotrophs isolation

ZA R SR AN g JeFA0 AH4
& =g (10°~10°8 cells/ml) & 30~240 2 (10~80k rad)
A2 F A4AH A=A g wyoz Hasy
o}
Wol 9 el :Mo]F9 ¥9le auxanography ¥ @
-3 7+ otulxcAbsl A Aol A &g,

4. Holase Wy

FFaTA ol Fd lysine YA45¢ vzdls] A4
e Y A¥AE AL AAA lysine A AT

AREGLas AL FTL SARANA 24
Az AMFG FE& 2%% 22 AT 30°Ceol4
72~96 A 7t 1 G &k (140~180 strokes/min) 35l <},

5. 24y

A A& T 4/ FdE 4489, 44
5 FAE 209 2 34 ed colorimeter(Spectronic 20)
2 660muold FAEE FAAo0, CaCO & 3
steto] vk A$= 4N HCl2 CaCOs ¥ A Y ¥
e vl g2 H48td 3%

}) pH : vl k& gadsl pH ¥ pH meter(Beckman
Model 180)%} Toyo pH paper 2 &7 3 5ict.

) zE%: x99 32 Somogyi-Nelson vl4
Hgg@os g,

2}) Lysine: & HAEdstd 2 FFJ¥
10~20%] = 344 & thin layer chromatography ¥l
(A %e], butanol: acetic acid: water=4:1:1 %
phenol : water=4:1, $A4A4¢, 0.3% ninhydrin
ethanol £d4)o g lysined 44 #FF HAE ¥
Pediococcus cerevisiae ATCC 8042 & ©] £ % bioassay
HWoz Aegegde.

©}) 7}e otmx 4t : Lysine o) ofuj x4t %3
A5 g4 g TLCY oz Holdpgct.

dEdn % &

1. 3YeTY Woisy gl
o4 A2l & 128, NTGH 483, Co¥ 14
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o Aol A feld obvlxd 9 oXEN 2F4Y w
o]FE 35 k. FFY2E Brev. flavum ATCC
15168 9], Wol 71 d 2 A4 AN A sy w
L Mol 3§ 99+

E 3. Number of auxotrophic mutants
. . Substance
Strain Ammg acid unknown
required required
Corynebacterium sp.
Sor-1a T F 10 8
M. glutamicus
(ATCC 13032) 16 3
Brev. flavum
(ATCC 15168) 42 5
Brev. flavum U-46 5 2
Total 73 18
uv light 54 10
NTG 16 6
Co% 3 2
Total 73 18

2. Hol3so) 2/t lysine f M4t

HF3Aes 4Fa T4 WolFz UAd 9l FF
Heed & B 29 lysine 4 A4Eu R o) 96 A 71 2 gpuj oF
B lysines] Q454 vl 2y vl E4od4 Riue
o] lysine 8 mg/ml o] 4ol FF 6 F¥ Fedigod
2 F lysine 4 4] A $4% Brev. flavum Ude—
N59 & leucine 874 ¥ ol F4¢}.

4. List of the lysine producing auxotrophs

. Required | Lysine Other
Strain aminoacids| (mg/ml) ?Eg‘;;igd
Brev. flavum U46 Leucine 8.0 |
o L R
Methionine; !
Brev. flavum N52 sensitive 10.0 |
Brev. flavum N341 | Tyrosine 11.4
Cystine Unkno
Bre. flavem U741 | “J Gneed 47 (D00
Coz}i?:iacterium 5P- | Unknown 8.4 |
'I
M. glutamicus U-125Methionine 8.2 ]

3. Brev. flavum U46-N59 2| lysine & =249
HE
b pH
Lysine $4¢] vl & A pHe 9§ Lolny
HAHA Fzi Aol AAQPL22 urea 0.6% (NHD:SO,
1.0%% 7 Jotete] vlad 2 ARE 2915 24

A - ARS . de g

LS CEE P

410
“408 s
H
- (o3
3
H 1 8
S 1086 =
z g
S £
g LYSINE 1% §
;oo UREA, '
a0- -0 GROWTH\ <
-O— LYSINE
. (NHg), SQg{ 0.2
o c;now*ml e o‘-
204 ,
d’ .
50 60 70 80 90
pH

a8 1. Effect of initial pH on lysine production

Basal medium A: Glucose 10.0(%), Urea 0.6, KH;PO,
0.2, K.,HPO, 0.05, MgSO, - 7H,O
0-05, FCSO¢ . 7Hzo 0001, MHSO‘ .
4H,0 0.001, Yeast extract 0.1,
Vitamin free casein hydrolysate 0.6,
Biotin 30(ug/D), Thiamine-HCl 100-

(pg/D.
B! (NH‘))SO( 10, KH:PO‘ 005,
K,HPO, 0.2, All other legends are-
the same as medium A.
Cultivation: 86 hrs at 30°C.

2y 1A 3= ulgt o] AAYPoE ureart
(NH)-SO & AH&89€ A% < #eo] pH 7.0~8.0
o 4 lysined] 4L 74 Fid A2}E st T
o AgL urea® AEHEE AF pHel HAQ] @
ztg oy (NH).S0. & AH&35 & =i+ pH 6.0
Hol A Lepdtg s lysinesd JAE FxHF. o
= Erickson 3} Kurz® 7} Ustilage maydis 9] lysine 4
Aol &4 pHoL 4.582 2oy vty QXA @
o}, Aida @3 i} KTME9 Bacillus subtilis-
ol lysine 44 A A pHst FA4~mlgstel golete 3
a2l Alikhanyan 59 39€ 7132 A&
w & pH 5.0 ol stel A& A ¢A goe 2 WA
& wot Al

W) R

W oFeE s} lysine 8o A JF+ A=Y A
e 2P 24 e s} o] 25~33°CeldE T-
AY A& g Aojst gloyd lysines A4E 30°C
oA 7% ¢z @ AAE A 33°C oA E T~
o) 83} BN lysines) JAE A sty
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28l 2. Effect of temperature on lysine production

Medium: Urea 1.0%
All other legends are same as Fig. 1. A.
Cultivation: 86 hrs at 25~37°C.

o) A4

FAN2R (A49 FFapo] lysine 44 slH & 4
g A7) 484 500mle 4R Fefrad wiz
Apg 27 334 Fo] HHAAAN FFE L ¥
28 AF%d g 43 29344 & v
Zol 20ml/500ml E2adA 7% F3¢ ASE

Bt
4.0 T T Y T T T T 1.2
.\
2ol Hi0 5
-
= 2
3 e
= 100} <408,y
w 3
2 <
2 2
% gol ~—e—LYSINE Jos8
@
«-@--GROWTH «
1 ] 1 1 L

1 1
20 40 60
CONTENTS OF MEDIUM (ML/S00 ML FLASKY

=29 3. Effect of aeration on lysine production

Medium: Same as Fig. 2.
Cultivation: 86 hrs at 30°C

Mindlin 3} Zaitzeva® £ M. glutamicus 9} lysine 4
Aol A Axe] FFFOl FLH lysine HA4L AA
=& %A} alanine, lactic acid 7t #Addz 2@
vt 9l oW Petrov ¥ U9 % Axotobacter 48] lysine 44
oAl 100ml Et2 WAl 250mlY EFetr2E A

Wdael % atolAl Fael G AT
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foed lysine ¥4& FMdd vadgd. £ 4
Yol A iAAe} 10ml/500mlY 4 T A8 Al
of @agiovt lysines] F4lo] FaE Hsld Ao
= 2o AU jar fermentor E FHA A4 Jedo
2 4 w3 A,

) TEG FE

Lysine g4l sl A2 2273 5§ ¢ 4
A ES5clA 2E uig o] 5~20%7A ARAA
A vlzs ¥ ASE 22T FE 7.5~12.5% Abold
A gFzdgct. 9 48 15%4AE FARALY
0% AE 988 FLBAL lysine o] AE FAE
Ao, A% TEFL 7.6%74A £ A 2uHd.

Petrov19 5.&  Azotobacter 49 lysine g A1A X
=% Fx§ 9&qd lysine 4L Faddzm 2oy
vt gleh.

B 5. Effect of glucose concentration on
lysine production

Oltsese | Grownl Fingl | Lvon | dhecaeecsy
5.0 0.74 8.8 9.0 0
7.5 0.88 8.6 12.0 0
10.0 1.10 5.6 12.5 ; 4.0
12.5 1.20 5.3 12.0 21.6
15.0 1.20 5.2 11.0 40.0
20.0 | 0.95 | 5.4 10.5 60.0

Medium and cultivation : Same as Fig. 2.
except glucose.

T Y * T

—o0— UREA

160 | ~O— (NHy),504

~&— NH,CL

S 120 TGS T
3 J
~N
o
=z
w [-Xe2 3 .
z
4
-

aof
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0 Ci4 Qz2a 042

MTROGEN %)

1% 4. Effect of nitrogen sources on
lysine production
Medium: Same as Fig. 1. A and B plus 1.0% CaCOs
Cultivation: 96 hrs at 30°C.
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o) 449 FF 4 5=

AAd F4A¥ A9 494 FLge g NHC,
(NH)1S0,, NH(NO; 3 urea ) 4FH§ A48 o
o 2 J e 248 At Urea o] Fx
e A3t CaCO & HEZ 4FHe 1% At
Ak,

I 4cl4 RE g ol lysines] $4 e P44
F57F 0.42B(NF)A A & ol F¥H oo 2 F urea
% (NHD:SO( £ 43¢t 43tE nge.

P} KT ™= Bacillus subtilis @) lysine A Aboj] A
urea £ W ¢F pH & $4 WA slgstaldez &4
sed dAolstn wal w led, £ AFdAx
Corynebacterium sp. S-27-12 ¢} lysine 4] Abofj A &
A%4E el v At @

) frld g4 F% 9 =

HAY fo19%9 € FEE 97l AHMA yeast
extract, NZ-amine, vitamin free casein hydrolysate ¥
corn steep liquor (CSL)E E 63 & ¥z 2 Ass
o] lysine &3] o] JE¢& FeNgd.

X 6. Effect of organic nutrients on
lysine production

Organic nutrients(%)

Growth lFinal pH Lysine

(mg/ml)
Yeast extract 0.4 0.58 | 5.6 6.3
0.6 | 0.60 58 | 8.0

0.8 0.62 | 5.4 | 81
10| 0.76 . 58 | 11.25

Vitamin free casein 0.4 | 0.58 | 5.4 7.6

hydrolysate 0.6 | 0.65 @ 5.6 9.8

' 0.8 072 :© 8.6 | 10.4

1.0 0.8 8.8 | 10.2

NZ-amine 0.4 | 0.50 5.4 7.4

0.6 { 0.8 5.4 12.6
0.8 0.70 l 8.2 10.8
1.0 | 0.73 ‘ 8.6 10.4
CSL 1.2 | 0.50 5.4 5.2
1.8 | 0.75 ‘ 6.2 11.25
2.4 0.8 | 5.4 10.8

3.0 0.91] 5.4 11.6

Basal medium: Glucose 8.0(%), Urea 1.0, KH,PO,
0.2, KQHPO‘ 0.05, M3504 . 7H¢O
0.05, FeSO,-7H,O 0.001, MnSO; -
4H,0 0.001, Biotin 30(ug/D), Thiamine
HCI 100Cug/D

Cultivation: 86 hrs at 30°C.

SECRE T EF

BT EA YA

H6cA ¥ upe} o] lysine 8 44 NZ-amine
0.6%% Mrtoll A Jt3 FF et o), yeast extract &
1.0%, vitamin free casein hydrolysate & 0.8%, CSL
£ 1.8 ol 4o AN 5 AFE uich.

ATEWE M. glutamicus ©| homoserine ol 4
biotin F4 2.2 yeast extract &, threonine ¥4 224
NZ-amine, peptone @ casamino acid € 1% WY&
Artste Aol FTHAL G o] | ¥4 oiulx4oE
lysineo] YAHASE 2oy v A

4 CSL 5=

719 FQe S lysine g4l wX & g AER A
3 CSL & 7t% AR f719Fd o lysine s 44
= @Asg. wetd CSL (A4 1.4%)% 1.0~
10.0%% M ¥3te Aot & AFdE 23 59 Ao
F A& lysines] 44 CSL Fx9 Fotet §H4
F 7t #tebsk CSL 4%9 Aotel A Hdo g8t on o
TE ol 49 At AAs 4.

160
i20 {o 3
- o

-

- e
g 80 o8 w
-~ &
¥ 2
v < [
Y a0 ’ —e— LYSINE os 3
s 0
# - &—GROWTH <

0O 10 20 30 40 350 100
CSt (%

a8 5. Effect of CSL concentration on
lysine production

Basal medium and cultivation: Same as Table 6.

Alikhanyan 5 ®.& ofmjx Al §o] ¥ g ®
L9002 A8d9de AL CSLY F=%F 23F %
27 9lew sucrose & ALg3H € #H & 8%7AA A
Foza lysine 44 58 Frhdcdz 2asgs.
2 leucine 8 F3%7} leucine o] vt8 ¥4 CSL 7t
Aol lysine ¢ BA FHANE A& FoidEe 4o
o CSL %9 olulx=i slgg $A4¢ozH & o
=AY BANE Foed AXE o=t 44

) opwl x4t

1) Leucine: ¥ lysine 4 4ol A}4% FF & leucine
2F%2 AziAd 719 %9¢ A9 leucine T
¢ BEoz Astetd Fo A& lysine 4 Ao} wA
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€ %€ AENgd. FFL U AL W BT
Agee 23 ARG Fo 2%Fo 2 HE89.
2H 6AM 2 ule} 3be] lysines] 44L& leucine
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' le 3
- 20} 0 F
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23 6. Effect of L-leucine concentration on
lysine production

Bazal medium and cultivation: Same as Table 6.

FE Fgel w2t A Foletd 1mg/mlg Hot
FEANA Hzo] BHALH 2L o4 FEANE A4
A3 ZxHAT. F9 4_E [.2mg/mle FEAA
€ leucine S| Astapel HlAHA Folsietst 2 o) gl
Ax o388 ZasHAd.

2) 715 otulx4k: CSL 9 A7tE leucine &5 A
ZFA B} lysine A4ko] P, wheba leucine

B 7. Effect of amino acids on lysine production

T

‘ ( s
Amino acids (mg/D) | Growth "Final pH Lysine
|

(mg/mi)

None 0.85 = 5.4 9.8
Glutamic acid 250 | 0.84 5.4 9.2
500 0.86 5.4 9.7

Aspartic acid 250 | 0.84 5.4 10.1
. 500 0.85 5.4 9.6
Isoleucine 250 | 0.88 5.4 10.8
500 0.94 5.0 11.6

Valine 250 | 0.85 5.4 9.4
500 | 0.86 5.4 9.6

Threorine 250 | 0.07 8.6 1.4
500 0.07 8.6 1.4

Methionine 250 0.89 5.4 13.8
500 0.83 5.0 12.4

Homoserine 250 | 0.92 5.0 9.5
500 | 0.86 5.4 | 9.2

Basal medium and cultivation: Same as Table 6.

Pad olg stol4l 4o HY AT

(129

(1,000 mg/D€ A7HG AA§F ARWAZ Bto] lysige
Aol gl A P A oluln g Yy
7hetel wlpgo g lysine Aol Bl XL g A
E3gd. ‘ T

E74A4 2t ulg} 3o isoleucine o] Y} methionine
o A7t A lysines Q4] G4 Frsgioy
threonine & M7t 982 lysines HA4¢ Agag
t}. Homoserine, valine, glutamic acid R aspartic acid
€ ¥ 9%¢ 44 @sid.

FLF P L M, glutamicus 2] lysine ¢4 hom-
oserine 8 FF & isoleucine o] W&o AR E g F
£ Pz 239 v gloed, KFEMWE homoserine
A Aboll 4] 300 pg/ml ] methionine 3 7}+= lysine W&
2 A= en of 94 homoserine A& A =S
€+ 3asgcd. = FRFYL homoserine W ol A
isoleucine & o - H EY vl threonine & 100 pg/ml
=% 8 3782 isoleucine € 200 gg/mi 3 715 A& =}
+ lysine A 4ol <k H gl 21} isoleucine & 300 pg/mi
% 7}8}A 1} threonine 200 ug/ml 8} isoleucine 200 pg/ml
€ Aotsid %, 28z
threonine 200 gg/ml S} isoleucine 300 pg/ml ] H7t:
homoserinesl 4 4lo] 5 3% §& R28 . Mindlin
3} Zaitseva'™ = threonine 3 mg/ml 9} 3 7} lysine &
A 1/10 2 Fa A 2o threonine A5 E A 74(0.5
mg/ml)ol A isoleucine & 4 &€ FWAF A% threo-
nine & A g (1 mg/ml)ol™ isoleucine & Myt AL
g5 lysine 445 A=A € 22 g o Daoust
9} Staudt"9 = threonine o] ol ¥ T 7 & Fxej
)2l 8] A} lysine 4 Ak < A] 8 =] 1t methionine & 1%
T Ao A lysine 44& JAgGz 2uddd.

2§35} lysine ¥ x| A isoleucine o} } methionine
F7HA ) 2 A Aol A5 3 threonine A 7HA o] JA
s d4e fe 2 2ugde gAsE v glod,
gdog v g ¢ Hol A¥AAN 2 HAFE
7+ ere 3 Zejch.

) Biotin ¥ thiamine-HCI

& o] %2 AF & biotin 3} thiamine-HCl & 27T
37 A Pol o] &S Hst FEE WIHAAAA lysine 4
Aol vl GUE AERA & A T8 B
= uls} o] thiamine-HCl ¢ A9 8= biotin 2t ¥ 7
#elg @& bioting FL Spg/l YN AE FEA
@A glel lysine 440l A8 YA#A L thiamine-
HCl & 100 wg/l o1 % A7t oed lysine S4& 22
% 23§ 2. 284 thiamine-HCI & 100 g/l o]
4 HAHRAE bictin € AsEA god lysines] A

lysine 3 homoserine o]
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AL A 4=, dety £ F9 lysine gx
ol A biotin & F A-Zolu} lysine 4 4o Walq)
Aol A% thiamine-HCl & lysine 4 4xdte Fo 4
%34 5 BAS de Aol ohdst A A,

3@ 8. Effect of biotin and thiamine-HCI
on lysine production

Fiop | ™RSO | Growan[Fnt o Lysine
0 ) 0 0.46 5.4 0.8
5 0.60 5.4 8.4
10 0.63 5.4 8.4
30 0.68 5.4 7.8
50 0.67 5.4 7.3
100 0.63 5.4 7.6
300 0.62 5.4 9.0
0 100 0.51 5.4 2.4
5 0.78 f 54 | 7.8
10 0.78 5.4 9.8
30 0.84 5.4 10.2
50 0.84 5.4 10.0
100 0.85 ! 5.2 10.2
300 0.85 5.2 10.3
0 200 0.52 5.4 2.6
5 0.94 5.2 10.0
10 0.94 5.2 10.6
30 0.94 5.2 10.8
50 0.94 5.2 10.3
100 0.90 5.4 10.4
300 1.00 5.0 10.6

Basal medium: Glucose 10.0(%), Urea 1.0, KH,PO,
0.2, KgHPO( 0.05, MgSOp?HgO 0.05,
FeSO. . 7Hzo 0001, MnSO4 . 4Hzo
0.001, vitamin free casein hydrolysate
0.4. Yeast extract 0.1(%)

Cultivation: 86hrs at 30°C

Areshkina™ %2 lysine W& o4 biotin o} alanine,
glutamic acid ¥ lactic acid9] §4+-& o A 8} 57 aspartic
acid  4¢ X3z g o Kutsevas} Klyueva s
& biotin 3 methionine 9| 60% o| 42 CSL ol 4 2t
2 RRY AL E Fol CSL HrpAof
FIY A} A £ Ho] Y.

A) stz F R Sl FHole

Mgt o] 8 28734 22 252 Hrsido lysine
Aol vl 9% A=W v, 2P 7044 vE o
o 7ol Mg* olgg FAeA ge YrigHr
lysine 4442 238 Zasdgov Mgt o) Rx g

lysine A 4}o)

SCERE LTS P

LA EEELER

T7te @l lysine 44 FAASA 0.04% 2 sho) A
7t3 F& ARE BAZ 0.05% ©14 FAAHE o
e A48 gadgle.

160} : N
~120} :
P
-

3
z
o 8o} |
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w
>
o
sol A
.

[*) 02 04 o6 08 1.0 (%)

MgS0,:TH20 (%)

g 7. Effect of MgSO-TH,O concentration on
lysine production

Basal modium: Glucose 10.0(%), Urea 1.0, KH,PO,
0.2, KzHPO4 0.05, FCSO"']HQO 0.0011
MnSO;-4H;0 0.001, Yeast extract 0.1,
Vitamin free casein hydrolysate 0.6(%)
Biotin 30(pg/l), Thiamine-HCl 200

(/D
Cultivation: 96 hrs at 30°C

E9olA 2 vire} zo] Cu*t o] 23 Mo** o]
At 2 F dxTrd distges 53 F
o] &3 Zn*t o] &9 BFH AL lysine 4 &
3+ =

KTFE4E homoserine Wio] 4 Mgt o]-29 7}
t A els Mn*Y, Fe** @ Zn** o]2 ¢ B5oe
# 7v8t% homoserine o]} lysine & 4ol Aol <4 3¢
n A ot 24 WA A¥E X% Fshstd homo-
serine o A4 A= 2 lysined] YAL = Fx e
A gdoivtd gdedz 2oy v Ao,

7t Fg €

GA £ F5loh lysine FAo vlAEe g€ A
37 484 £ 103 e T2 A7+ ©EE
of ulzs ¥ A} penicllin 40U/ml & 24~40 A 7
wj ko] YAl € o lysines) BA4e el @3t
Hdew, o = lysines] AL HzT e} 40.3% &
7t el EMYP L M. glutamiscus 9] Yol Fo] %
lysine A4k A 2,000/ $E2% AL YEEZ
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-3# 9. Effect of metal ions on lysine production

el o soid H4ed A% AT
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10. Effect of antibiotics on lysine production

.y |Lysine } . R
Metal ions (mg/t)}crowth F‘f‘,ﬁ"(:?g);) . Antibiotics @gﬂ;gg'; Gmwm}mal pﬁ}é@m@
Nope 0.70| 5.2| 8.2 None 0.92 5.0 | 11.4
Fett (FeSQy+7H,0) 10 0.78| 5.4]13.2 Penicillin (U/mD)
Fe**(FeCls-6H;0) 10 | 0.73} 7.0]13.3 40 15 | 0.54 6.0 | I12.0
Fett+[Fes(SO0s*XH:0) | 10 | 0.75| 8.4 15.0 24 | 0.96 5.0 | 16.0
Mn**(MnSO,-4H:0) 10 { 0.80| 6.0 12.0 40 | o0.72 5.8 | 16.0
Mn*+(MnCl;+4H:;0) 10 0.71| 8.0]16.8 100 15 0.68 5.0 1.6
‘Zn**(ZnCly) 10 | 0.83] 6.0]13.4 24 | 0.90 4.8 | 13.0
-Cu**(CuSO,+5H;0) 10 0.75| 8.6 7.2 40 0.82 6.2 15.0
O NHOMoiOs-4B0)| 10 | 079 | 5.4| 8.6 Erythromycin
_FeSO¢-7HgOI&nSO‘.7HzO 106 | 0.76 | 8.0]12.8 5 15 0.70 5.2 10.2
Fe**+Mn**+ZnCl, 10 | 0.74] 8.4|13.8 24 1 0.76 5.2 | 11.5
Fob*+ M+t 40 | 0.88 6.0 | 13.6
CuSO,-5H,0] 10 | 0.90) 7.6| 8.6 20 15 | 0.62 | 6.2 | 10.5
Fe**+Mn**+Mo* 10 | 0.75] 6.2| 9.0 24 | 082 | 6.0 14.2
Fet*+Zn** 10 | 0.75| 6.8|18.6 40 | 080 | 6.0 12.4
Ma**+Zn** 10 | 0.73| 6.2|13.4 50 15 | 0.62 | 5.0 } 10.5
All metal ions 10 | 0.79| 5.4 9.0 24 ) 08 ; 52 138
All metal ions 5 | 0.75| 8.2]11.2 40 | 0.83 | 6.0 | 11.8

Basal medium: Glucose i0.0(%), Urea 1.0, KH,PO,
0.2, KgHPO4 0.05, MgSO4'7H30 0,03,
Yeast ext 0.1, NZ-amine 0.6, Biotin

30(ug/D), Thiamine-HCl 200(xg/l
-Cultivation: 96 hrs at 30°C

v gl Fof PP EHHlFY FHEF FolHoe
o} Al 8} & Oleandomycin 1.3 gg/mi & Wl <} 18,39 ¥ 62
Ao APz Asgeo s lysine gAE 41.2
% Z4% v Ao, YH4ER R HgezH lysine
o]9)9] o} olvlx oz WAL YL ¥ 4+
oo, Wggzrd HAAE AL 2388 lysine] 4
A& At

) A g4

£ FFe NEF 2 48] A Fo AHBHA
7} lysine G 4ol viA & G+ AEY AF}E 29 8
oA By ute} o]l antifoam S-57 R polyglycer-
oleate 7} ©t 0.1%9 HthA 713 43y AAE B
< o5 antifoam S-57 & £EMEANE soy bean oil
B fadqid.

s taAd#

Urea & A4glozdte ZetAa v k(80 ml vf g}l
JLILER2A)E FY lysine ¢x9 @ ol 28 9
2.

Medium: Glucose 10.0(%), Urea 1.0, KH:PO( 0.2,
KzHPO‘ 0.05. MgSO¢'7H20 0.04, FeSOp
7H;O 0.001, MnCl;+4H:O 0.001, Yeast
extract 0.1, NZ-amine 0.6(%), Biotin 30
(ug/l), Thiamine-HCl 200(uxg/D)

Cultivation: 96 hrs at 30°C

180 ™~ v v

160}

14.0 r

LYSINE (MG/ML)

acileme. ANTFOAM S-57
0w POLY GLYCER OLEATE

0 G0z 005 Qi Gzo 050
SURFACE ACITIVE AGENTS (%)

8. Effect of surface active agents on
lysine production

Medium and cultivation: Same as Table 10.
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7% 9. Time course of lysine fermentation
in Brev. flavum U46-N59

Medium: Glucose; 10.0, Urea; 1.0, KH,PO,; 0.2,
K,HPOq; 0.05, MgSO("/HzO 0.05, FeSO,-
7H,0; 0.001, MnSO,-4H;O; 0.001, Yeast
extract; 0.1, Vitamin free casein hydrolysate;
0.5(%), Biotin; 30ug/l. Thiamine-HCl; 100

pg/l.
Cultivation; 30°C, 180 strokes/min., 80 ml/11 flask

2P 10614 BE wist o] Fo 4% Wk 484
Zte] Hxe) gatgon pHE T A&7 §A
Gl g oz Wt %E 15 A7 ¥l pHE62E
AUt 2 ol FdE AA FolHA WF 36 A F
de 6.52 = HF 84 A7 Fel& 5022 S
o, TE9e vk 48 Aol 80%7h 4visges
Z ol Fo)E AME xugel 84 AT Fof & 90%7t
Av s} gleh. Lysine o A 4he wazd ok EA o 364
AANE AAE Frretedst 36 AZFE 60 Azt Aol
of FZ8d9 A% 8447 Folt 12mg/mle] =23
At
#) AA =AY lysine F4
ol A FoAA WMFzAe AER AFE FL
& L5 100, ureal0, CSL 40, KH.PO, 2, K:HPO,
0.5, MgS0,-7H.0 0.4, antifoam S-57 1g¢; Fex(SOs)s
X H,O 10, MnCl;+4H;0 10 mg: biotin .30, thiamine-
HCl 100 sg; 3%4 112 % pH 7.59 HA=el
Brev. flavum U46-N59 & 28°Coll A 447 7zl gl ok
(20 ml ¥} /500m! Eeha=, 18038 FEAG/E)
#e Hd2 21.6 mg/mlel lysine & FAHAS
Penicillin & 40U/ml 8 ¥57 =& ¥ 3BAT +
o 3 stsigict.

Ao AR - A

WIA Y A

2 o

Avo) A e Bug lysine A7 F Corynebacter--
ium sp. S-27-129} Brevibacterium flavum ATCC 15168
9 Micrococcus glutamicus ATCC 13032% I T2 ¥4
A9 A, Co® 9 N-methyl-N’-nitro- N-nitrosoguanidine
E A9, 9045 GETA WelFE Feda o
59 lysine 4 45 & 9 2do lysine 4 4lo]l 8mg/ml’
ol4a TF 6 4% AFHAL. °]E & leucine 8T
% Brev. flavum U46-N59 9] lysine 28 zA¢ AE
3 AAE FY¢se TP 100, urea, 10, CSL 40,
KH,PO, 2, K,HPO, 0.5, MgSQ.-7H,0 0.4, antifoam
S-57 1g; Fea(80)3-X H,0 10, MnClL;+4H,0 10 mg;
biotin 33, thiamine-HCl 100 pg; $§4 1/2 R pH
7.59 HAWA o] Brev. flavum U46-N59 & 28°C of
A 497 E2£232(20mi/500 mDol A gl ket gl &9
(180 A g/%) Az 21.6mg/ml 9 lysine & A A3
e}, Penicillin & 40U/ml 9 T x7t ==& wick 36
A7t Fo Asrere e
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