KOREAN J. FOOD SCI. TECHNOL.
Vol. 21, No. 1, pp 154~ 163(1989)

MEgttnt nEs A|AHS 0|88 L-lysine 2| Mity g
FHE A - xE T - AR W A
AANER AF T, YNGR FYAFAT4, A ARFATL

Improvement of L-Lysine Productivity by Using Cell Fusion
and Immobilized System

Beung-Ho Ryu, Hye-Sung Kim, Myung Hoon Roh, and Bob-Gyu Park,
Jong-Soon Chung and Ki-Chul Bai
Department of Food Science and Technology, Kyungsung Universtity

* Institute of Food Science and Microbiology, Kyungsung University
**The Pusan Institute of Health and Envivonment

Abstract

This studies were designed to improve the productivity of L-lysine by protoplast fusion and
immobilized system of fusants using strains of Brevibacterium flavum ATCC 21528, Brevi-
bacterium lactofermentum ATCC 21086 and Corynebacterium glutamicum 820. Mutants were
isolated with concentration method of 300xg/m/ penicillin-G after treatment of 250ug/m/ N
-methyl-N-nitro-N-nitrosoguanidine. B. flavum 37-2(Hos™, Kan", AEC"), B. lactofermentum 6
~2(lle~, Val~, Str", AEC") and C. glutamicum 57-5(Met~, Thr-, Rif", AEC") were isolated from
mutants. Protoplasts were induced by being incubated with 500ug/m/ lysozyme of lysis solution
for 6 hr and the ratio of protoplast formation and regeneration were ranging from 97-99% and
33-37%, respectively. Fusion frequencies of fusants of BBFL 21, BCFG 37 and BCLG 59 were
shown in the range from 1.25X107° to 5.83 X 10~7 under the optimum conditions. The fusant BBFL
21 showed the highest productivity of 411.1 ng/m/-hr L-lysine in the lysine productivity broth at
30°C for 72 hr. In the immobilization systems, fusant BBFL 21 was employed in various polymer
matrices such as sodium alginate, polyacrylamide, agar and a-carrageenan. The immobilization
of sodium alginate showed the highest productivity of 413 ng/m/-hr L~lysine in the batch system.
Continuous fermentation of immobilization system by using tube fermentor was produced the
highest productivity 416.7 ng/m!-hr L-lysine under optimum condition.
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2 A¥ol 83t F5+= Brevibacterium flavum
ATCC 21528 Y Brevibacterium lactofermentum
ATCC 21086 ¥ & A8 2#FA Corynebacter-
tum glutamicum 820-& +H&-3+% v},
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&3ulx (CM) & nutrient broth & M8k 1,
4z (MM)+ (NH,),SO, 10, dextrose 20, KH,
PO, 1.0, MgSO, - 7H,0 0.4(g/{), NaCl 50,
FeSO,-6H,0 2,0, MnSO, -6H,0 2. 0({mg/!), biotin
50, thiamine - HCl 200(uf/0), pH 7,009, & 4%
Bo g2 Haux) (MM)el 0.1% veast extract & &
7t MMYE sl A & AHshgioh, eja A48 shavl
Z(RCM)= CM °ll 0,5M sodium succinate & 37}
son AAA] Y& AT T2 agard =5
= 0.7%& AM&-sH e,

E{ L-lysine 4 4w 2] (Lysine product broth,
LPB)+< glucose 100, corn steep liquor 6,0, soy-
bean acid hydrolysate 18, (NH,),SO, 40, peptone
2.0, K,HPO, 0.6, MgSO, - 7TH,O 0.01, L-homo-
serine 5,0, L-threonine 5 0, L-methionine 5,0, L
-leucine 5.0(g//), biotin 20, thiamine - HCI
100(ug/1), pH 8 18 A-&sk%ch,

Tris-malate buffer(TM), lysis solution(LS),
dilution solution(DS), fusion solution(FS) & 7+&
£of9] 242 Kaneko 5®2) 9ol ubet 4 shgict,

Alef

¥ AYoll A% penicillin-G, streptomycin, rifa-
mpicin, kanamycin, s-(2-aminoethyl) -L-cystein
(AEQ)+= Sigma Co, A%, N-methyl-N’-nitro-N
-nitrosoguanidine(MNNG)+ Aldrich Co. o A&,
polyethyleneglycol{PEG) 6, 000 Wako Co., lyso-
zyme 2 Boehringer Mannheim Co, 9] A|-8-§ A3}
gou, A Y E+ sodium alginate(Junsei
Co.), polyacrylamide(Bio-Rad Co.), agar(Junsei
Co.) ¥ x-carrageenan(Sigma Co,)& _.AMg82on,
71eb Aok B-FA oRE AHE-Elgl T

HolFe| B2l ¥ 55

e F471 $71 (1X 108 cells/m) el A A4 5 T
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st Haowx) (MMl M= 8852 gv 55 Hol
F2 Fejslyod ¥Hold& ¥°|”] 98l Lederberg
S@og] wo ozl penicillin-G & HojF9] &g
#5hgl ot

AU Q7FE . okl Y analog HAFS| £2]

Hol (MNNG) #2 % penicillin-G& &3 &
#le4-§ casamino acid Img, nucleic acid base solu-
tion 10ug/m/ & H 7 MM ol 225t 30CA 73
7t wioFste] 5% colony & MM ol toothpick 3t
MM 4ol4 488812 ¢+ colony & Sherman 599
o uyol ahet JFLTA FFE FEEA el
#+F+ Konusuke 592 wyof ozl kanamycin
100ug, streptomycin 200ug, rifampicin 50ug %
AEC Img/mi & &% CM o wlokéte] 848 colo-
ny & oA % L-lysine analog W4 #52 2233
ot
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e FEE P

BetFe| 2ai

#4% 9442 (1, 000rpm/10 min-4-) 3l FS &
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Fig. 1. Schematic diogram of continuous L-lysine

fermentation

1. Air inlet

2 Bottle with conc-H,SO,
3 Medium reservoir

5. Reasctor
6. CO; vent
7. Circulotion pump

4 Peristaltic pump 8. Product reservoir
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Fig 2. Effect of various concentration of penicillin-G on
the mutation rate.

®—®. C. glutamicum 820

A—A: B flovum ATCC 21528
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Fig. 3. Effect of reaction times ond lysozyme

% A concentration on the protoplast formation.
HYAH| BN Ty 0~—C. B. flavum 37-2, 300ug/m! lysozyme

VYA PFAHE AT d2H A BLEMHE ®—@® B flavum 37-2, 500ug/ml lysozyme
27 g ; (28) (28) L0 A—A. B. lactofermentum 6-2, 300ug/ml lysozyme
Ce].hﬂase > A-glucuronidase % mutase sl A— A& B lactofermentum 6-2, 500/19/!“[ lysozyme
Iytic enzyme% AH-&-8ht £ d = Kaneko 592 ¥ o—o: C. glutamicum 57-5, 300ug/ml lysozyme
Yol w2t lysozyme & &84t &, B, flavum s — & . C glufamicum 57-5, 500ug/ml tysozyme
37-2, B. lactofermentum 6-2 4 C. glutamicum

57-59 WUA WAL i IV IR FHF 4% % A2 B2 AFE derdi oo lysozyme

% o2 penicillin-G(0, 3 unit/m/)-& H7}sked 1, 54
7 A wiokdt 3 4YAAE 44717 A8 lyso-
zyme 30ug 3 500pg/mi & A 7Het LS ol &) wf kst
HA 242 HHeR WP HEAY HAHES FESL
Fig, 39 -8 2o} dy 4« 942 54 559
yhg- Al Zholl mhal 24 Zaby lysozyme o] 57 =&

500ug/ml oA 64 7+ ¥4l B, flavum 37-2<= 97%,
B. lactofermentum 6-2v 98%. C. glutamicum
57-5 99%2 943445 Y45k ol A= Shin
La0g y] 24} o] B papE30-3NE0l A gheh vha 3
o] & Molil gl o} ol FFol e Aol E M
A= A4 Az g AZHo] I A

Table 1. Selection of auxotrophic -antibiotic and AEC  resistant strains from wild type strains after MNNG
treatment

Strains Phenotype Source

B. flavum 37-2 Hos™ Kan' AEC’ B. flavum ATCC 21528

B. flavum 37-3 te” Thr Kan' AECS "

B. flavum 37-4 ARg™ Met Kan' AEC' "

B. lactofermentum 1-4 Met™ str’ aec” B. lactofermentum ATCC21068
B. lactofermentum 6-2 tie” vat” s’ AEC| "

B. lactofermentum The reu strif AEC "

C. glutamicum 5-2 Met fle” Rit" AEC C. glutamocum 820

Arg Hos  Rit" agc' "
C. glutamicum 57-5 Met” Thr~ Rit' AgC’ “

C. glutamicum 5-4

C. ghitamicum 952 teu” Rit' AEC "
C. glutamicum 966 Met™ The Rif' apc! "
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Fig. 4. Effect of Na- succinated concentration on the
regeneration of protoplast.

O—0: B. flavum 37-2

N—A: B, lactofermentum 6-2

o—o: C glutomicum 57-5

Table 2. Comparision of fusion freguency of protoplasts
productivity

on
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gerFe 2e

L-Lysine 44t4do] ol \d HolF-§ ol &8l Z7
HEHAE AN o ol & 48 AE S8l &
B3t 84 R 8% W Table 20 vhehisich

B. flavum 37-2% B, lactofermentum 6-22| €%
<1 BBFL 21°] &% ¥t 583%X1077 o]3lon,
B. flavum 37-2%+ C. glutamicum 57-59 €¢F<
BCFG 37& 3, 72X107°9] &% Y =& Yelli%ii, B.
lactofermentum 6-2% C, glutamicum 57-59 €%F
ol BCLG 598 &% W=+ o5 dich ol Y 509
4L 5102] 88 FARE F Y-S e ith o8t 22
B ylxe ol 7 wolFa] ok T4, FAWA
% L-lysine analog 52} Marker & %50l oh& A2
2 ALggr

oA 0HsHE /8 HAel MY

A S S AT EA Y AL gl TRl et
AR o TASE, A4 EF W gel Ao
FEE Yook ¥4 A8 e FH< polyacryl-
amide, agar, x-carrageenan ¥ sodium alginate &
“H&-3ted L-lysine A 4H4do] 93 %5 BBFL 21
Z FAlo) 23 23t bead & LPB o Y. 30ClA4 120
rpm 2% A8EHA 70hr wkst ¥ L-lysine-& 4
g 4 3= Table 48 2o}, 2.5% sodium alginate &
273l st L-lysine A3 -& AR A3 2,98%2)
o] @A 5 85 Aok 28 v polyacrylamide 9}
Bfoll= 1,91%, x-carrageenan-2 2,47%, agar+
0.54%% “elHSith, Sodium alginate o &4& 24
gt A)A wEe] BAE AN B s Hol Wiy

interspecific fusion between fusants in L-lysine

Phenotype

Strains Cross Fusion frequency

B. flavum 37-2 tle” Hos™ val »
BBFL21Y x - . 5.83x10"

B. lactofermentum 6-2 Kan Str AEC

B. flavum 37-2 Met™ Hos Thr~ .
BCFG 377 x c . 3.72x107°

C. gluamicum 57-5 Kan Rif AEC

B. lactofermentum 6-2 lle” val® Thr™ B
BCLG 59 ¢ x . ‘ . 1.25x10°°

C. glutamicum 57-5 Str Rif AEC

ol BBFL 21 is fusant between B. flavum 37-2 and B. lactofermentum 6-2

bl BCFG 37 is fusant between

B. flabum 37-2 and C. glutamicum 57-5

¢t BCLG 59 is fusant between B. lactofermentum 6-2 and C. glutamicum 575
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Table 3. L-lysine productivities of whole cells
immobilized in various matrices

Wet cell Concentration of matrix Productivities on
(g) for immobilization (%) whole cells (%)

0.5 sodium alginate 2.5 2.98
0.5 polyyacrylamide 7.0 1.91
0.5 agar 1.5 0.54
0.5 k-carrageenan 2.5 2.47

Toble 4. L-lysine productivities of parent strains,
mutants and fusants

. L-lysine
Strains productivity (%)
B. flavum ATCC 21528 0.94
B. flavum 37-2 2.40
B. flavum 37-3 1.78
B. flavum 37-4 2.22
B. lactofermentum ATCC 21068 1.00
B. lactofermentum 1-4 1.25
B. lactofermentum 6-2 2.29
B. lactofermentum 1-7 1.24
C. glutamicum 820 0.85
C. glutamicum 5-2 1.45
C. glutamicum 5-4 121
C. glutamicum 57-5 2.24
C. glutamicum 952 1.67
C. glutamicum 966 1.96
BBFL 21% 2.96
BCFG 370 2.65
BCLG 59 2.80

al BBFL 21 is fusant between B. flavum 37-2 and B. lacto-
fermentum 6-2

bl BCFG 37 is fusant between B. flavum 37-2 and C.
glutamicum 57-5

c) BCLG 59 is fusant betwen B lactofermentum -2
ond C. glutamicum 57-5

u} glrfiesr-39),

g8 L-glutamate 444 o3l 28 #ell x-carra-
geenano] &Moo Y010 Tel ¥ AY
o = x~carrageenan 2 80°CollH =<1 ¥ 45C9] #
AN EZA A F59 F7H8 x-carrageenan ¥
2] A5 sl 42 F7LE bead HAdo] oA
on, x-carrageenan %58 Fo|% beadd ZE7}
o} kA AR F bead 7F zhES o] 13t FaAlg 4pg
7)ol = F-Hgstgich

L-Lysine 2| M4k
AlYF¢ LPB ol &3t 72hr wiek¥ amino acid

analyzer £ L-Lysine $3& $3% 23 Table 4%
ol B, flavum ATCC 215289 Hol3<l B, flavum
37-2 B. flavum 37-3 R B, flavum 37-49) < 7}
7] 2,40, 1,78 % 2. 22%2AM B, flavum 37-27} 7}
T892, B, lactofermentum ATCC 210862 &
o152l B. lactofermentum 1-4, B. lactofermentum
6-2 % B. lactofermentum 1-172 Zt7} 1,25, 2 29,
124% 20 C. glutamicum 820004 wolg C,
glutamicum 5-2, C. glutamicum 5-4 4 C. gluta-
micum 57-5€ 747 1,45, 121, 2 24%%& Jebdsich
aeal B, flavum 37-2R B, lactofermentum 6-2%&
FHAZ F £2% 95 BBFL 219 L-lysine $%F
< 2.96%, B. flavum 37-2% C. glutamicum 57-5
£ ¥4 95 BCFG 59+ 2.80%2 8571 ¥
A 52 L-lysine %3 g8 8 1% Tosaka 9] At
% 428, @8 #2352 L-lysine 444
o 3oz 7)8e, U0 g glun Fo] ¥ 94t L-lysine
A4 Bohe tht $9keu, Sano $4Po] 2udt 3
2% Ethe 2t ole AFe 24FF AHolut o
-chlorocaprolactum, y-methyllysine 9 7€ 3
A& A=l marker§ 7M1 FFEF ALE AS L
-lysine 4432 o2 45 el Lof, 23 Ho|F5
L-lysine A4t4de] A% 253 B, flavwm 6-2, B,
lactofermentum 37-22 C. glutamicum 57-5914 &
215l 8% BBFL 21¢ sodium alginate ol 74 818
AlA T2hr 3134 9 B8 $EE )% 344 LE
= W32 o] oiv| 4k 44 F-E Table 594 B+
eke} o}, #4945 BBFL 219 4% L-lysine ol L
-alanine 775, 4mg%, L-glutamic acid 433,9% % L
-leucine 426, 3Img%& o1& 79 olu] x4 233}
fen, ¢+ BCFG 373 BCLC 595 L-lysine ]9
o} L-alanine, L-glutamic acid, L-leucine, L-val-
ine-& A4 FA 3%}, HHE SUYE L-lysine WHEA
L-valine, L-alanine 5°] &% $3isqda 2usg
o} glck,

%4, §3%3F BBFL 21 sodium alginate & 2.4
F- 34 W A5 LA E 72hr ¢ 88 vl free cell
o] 7% npdskA 2 L-lysine ®o L-alanine, L
-leucine, L-aspartic acid, L-glutamic acid ol o
Fog S35}

SEFE 0|28 324 U AXZA |-lysine BF
L-Lysine A 4+4do] % §%5 BBFL 21& ol &
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8t free cell e} W T4 P35 AL F 38 Y
Hot A4 UEE 30CoHA 72, 96 % 120hr 8 5t uf
%Y Fo] L-lysine 438 vl sigich 243 o
2] bead W] 4 % bead A EEH free cell &=
Fig, 59 7}, 72hr LPBoll A sl okAl 1278 31 A 2 o]
AE e Zr) Haaa A449 -5 0,979 0,98
< vehdigl oyt 120hr WEA] AL 0,928 Trast
fgon, wx52 free cell T 2 5X10%014 6x10°
cells/m! 24 F57t FotAdl ol= cell 2 #4lo
T3] BojAd 7% Aok gt 1e v dde

9] 734 120hr 74 AE Aol Wabe A glglon
Wl X %2] free cell X 6, 5% 10° cells/m! & = 5t%
o}, ® Fig 5ol 2x°] %5 BBFL 21§ free cell
A E 72hr $E3 S = 411, Ing/m! - hr 9] L-lysine
£+ FAsg o 2 ol o FrslAlE ok sy 1
B3 2335t A2 384 LEE 72hr YA 7 ) 413,
9ng/mi-hr 2| L-lysine € =& 3¢t} o] -2 sodium
glutamate A4t} 9lo} T4 32 o2 ol i
Al Zbol uhel &abs) FAsHohE 7 S99 ¥ ast #
At g2 24 free cell Al L-lysine 33l
T 8L AHY] 24T AR Y o 2 Ao
2 F3gc), sl E, 343 FAlol 2% L-lysine 4 4

Toble 5. Contents of amino acid produced from the

C
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Fig. 5. L-lysine productivity and viobility index(V. T Jin
bead during fermentation.

o — 0O free cell of fusant BBFL~21

A—A: boich fermentation by immobilized system

o . continyous fermentation by tube fermentor

ulture brothilPB) of fusonts and immobilized cell

funit: mg/100g)
Strains
Aa”c"ig: BBFL 21° BCFG 377 BCLG 59°  BBFL 21° BBFL 21°

Asp 187.9 457.5 373.1 593.4 434.2
Thr 152.6 67.6 90.7 48.9 37.3
Ser 63.0 57.3 101.0 54.8 59.7
Glu 433.9 704.8 1141.4 546.0 483.0
Pro tr fr tr tr tr

Gly g1.5 102.9 136.5 80.3 85.3
Ala 775.4 567.2 472.6 904.7 783.7
Cys 19.2 37.2 40.2 20.1 22.1
Val 92.7 655.5 425.9 81.1 84.0
Met 280.1 390.2 243.4 260.2 270.4
e 62.7 65.1 83.0 58.8 59.3
Leu 426.3 444.3 395.1 611.6 517.6
Thr tr Lr tr tr tr

Phe tr tr tr tr tr

His 45,2 90.3 80.7 39.5 44.7
Lys 2959.9 2652.7 2804.0 2980.0 3000.2
Arg 107.1 122.7 182.6 96.3 105.9
Total 5697.5 6415.4 6600.4 6375.7 5987.4

al BBFL 21; fusont between B flavum 37-2 and B. lactofermentum 6-2

bl BCFG 37, fusant between B. flavum 37-2 ond C. glutamicum 57-5
¢l BCLG 59; fusant between B. lactofermentum é-2 and C. glutamicum 57-5

d! Botch fermentation were carried out incubated
el Continuous fermentation were carried out incubated in

in immobilized system for 72hr by using BBFL 21 strain

immobilized system 72hr by using BBFL 21 strain
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