Brevibacterium flavum ATCC 140672}
Corynebacterium glutamicum ATCC 130322]
A3 AA g3l 2§ L-Methionine2] A4k

F ikt
FER-EFxzR-a8F @

L-Metionine production by protoplast fusion of Brevi-
bactrium flavum ATCC 14067 and Corynebacterium
glutamicum ATCC 13032

Food Analysis Division

Bin, J. H., Lee, ¥. 5., Kim, 5. ..

Abstracts

This study was designed to investigate the productivity of L-methionine by the method
of protoplast fusion between Brevibacterium flovwm ATCC 14067 and Corynebaclerium gilu-
tmmicen ATCC 13032, and to improve the fermentation process by continuous fermenta-
ton wsing the immobilized fusant and air bobble tube reacior.

Brevibacterinm flavem ATCC 14067 and Corynebuclerium glutamicuns ATCC 13032 were
treated with 500pg/ml of H—mcth;.ri-H'-njtrn-H-nier-guﬂnidinel.'h'ﬂ"lNE‘.l to obtain mutants
which were able to enhance the productivity of methionine. The mutation ratio was increa-
sed to the range of 15-18% with treatment of penicillin-G. B. flavem K104 (thr™ met” Km"
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Er Sm" Tm' as genetic marker) and C. glutemicion B70 (thr™ hos” Km' Et' Sm" Tm' as
genetic marker) were isolated from these mutants. On the other hand, the lysis solution
containing 500ug/ml of lysozyme was treazted to induce protoplast fusion, and the ratios
of protoplast formation and regeneration were 99% and 64-66%, respectively.

Fusion frequency between B foegm K10 and C pledomices BT) showed the range
of . 3.5 107" in the 35% polvethylene glycol (PEG 6004) containing 3% PVP solution. The
praductivity of L-methionine by fusant BFCG 37 immobilized with sodium alginate was
exhibiled to be 0,89z on the batch fermentation, while 1.35g/1 on the continuous fermen-
tation at 30T for 72hr.
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2 Aol AL T390 Brevibaclerium flavem ATCC 14067E @530 Y H(KFCC)A4
Fapurgl o, Corpnebacterium glutamicum ATCC 130325 YREANH1A L9} com-
plete medium (CM)ell4 HARLEFHS AHgsrEck
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A ] ope] A YA A (complete medium i CM), # 27 (minimom medium : MM),
Hopg A peo 82§ W (supplemented medium ; SM), WHAAS Ad AL A
A8 ghal =) (regeneration complete mediem ¢ RCM) ¥ L-methionine 4§4H8 ¥ Z|{L-me-
thionine production medium : MPM)2] 3448 Table 13+ Zeh AZ&] A4 MMYES]
ZA & MM yeast exiract® 0.1% P7ele] Age9la, $5% RCME agarE 07% 7}
o] Agasion] =% X AR E 25892 Kaneko F2 el oiet A28
Apg-siaich
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B o419 Alget Aeke 24 streptomycin, kanamycin, penicillin-G, ethionine, selenome-
thionine, trifluoromethionine % methionine hydroxamatei® Sigma Co, A#&, N-methyl-
N -nitro-N-nitroso-guanidine(MNNG)E  Aldrich Co.®] #|§-&, polyethylene glycol(PEG)
# G000 Wako Co. lysozymes Boehringer Mannheim Co.2] A& AHg3ider, 23
w441 sodium alginate W agari® Junsei Co., polyscrylamides Bio-Rad Co., k-carageenang
Sigma Co#S8 Atgstgles silicon antiformer emulsion(DB-110A)2 Dow Corning Co.
UsAs) AEE AHEsislen] Fig Aeke Ha§ AHEStE
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22 P (1% 10° cells/m)e] 9k 20mldE 8,000rpmelH 58It 41482 (Beckman NoJ
2208k FEE o Tris-bufferipH 708 28 ANEF 2X10° cells/ml= Al A=A F
Yl MNNGE4 (500pg/mird 71eh] 30T+ &L WelAR.

ol§ Trisbuoffer=2% 3% 485kl FA4d4 AT yeast extract® 0.1%=7 F7HE
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Table 1. Composition of media. (per liter)
Ingredient. CcM MM RCM SM MPM
meat extract 10g 10g
peptone 10g 10g 2g
glucose 20g 20g 20g 20g 100g
NaCl Sg 50mg 5g Shmg
com steep liguor g
soybean acid hydroysate 18g
(NH50, 10g bl 40z
KH.PO, 1g 1z
EaHPO, 1g 1g 0.6g
Mg30. - TH.O Odg OAg 0.4g
FeSO, + 7THO #mg 2mg 0.01g
Mn50, + 6H0 2mg 2mg
biotin S0mg S0p/g 20u/g
thiamine HCL 200pg 200yg 200pg 200ug 10ug
sodium succinate 135
L-homoserine Gg
L-threonine 5¢
L-methionine 58
Antiformer 0.01mf

| pH 70 7.0 65 7.0 8.1

CM : complete medium
MM : minimum medium

RCM © regeneration complete medium

SM ! supplemented medium

MFM : L-methionine productive mediem

MM broth®l4 6A17F Nestarvation A3 penicillin-GE-4-§& #A7lEle 30td 4] 24702k

dol5E AR
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HolH(MNNG) M2E 9% Of penidllin-GE F2% T49€ casamino acid lmg/ml, nu-
cleic acid 10mg/ml®l 43|24 kanamycin 100mg/ml, streptomycin 200mg/mlE 718
MM =it 30TAH 3~7UTE dFsie] H49H colonys] d¢avd 9 o YAFE
HEHI2ri", kasest Nakayamas] $8%l oh2} methionine analog Vi-45-& &2l sigich
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Kanekos} Sakaguchig] *E™o] ulz} MMYES 2 efkAy]l HolF 154 ==t 03
unit/ml#] penicillin-GE 3#]§ T Tris-buffer(pH 7002 28 AN, 04M sucrose® os-
motic stabilizer® 718 S8 WHsle] hysozymes] W2 Iysis solution® FFA7T
T o 1T 347 Ml dY A4S F4AE

A8dds Y48 ¥WoEE AHste Haematocytometer(HAWKSLEY, England)sls =)
Seialorn], 98 W, H4%o SM plated] TR oHf FEHE colonyFE SFAEF
olM TAE 2 Lo

Jel3 94 ¥9A4F 489 H4%< osmotic stabilizer® 04M sodium succi-
nate”} 419] RCM(0.7% ager) 2} & 419] RCM plate (15% ager)el pour plate®}e] 30E M
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X 100
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F T3] 4934 E FoY 4o H4¥E(1000rpm, 4T) 3 FAE 8@ g 54
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(PEG) #6000-8-94 9/10%951 ¥7lsle] A3 s 20—-50% % 7isha 30T+ 3087
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dos slasie 15% agar® ©HE RCM plate’de] =18 EHE 07% agard A71Y
RCM3} 958 4 E8sle 8451 5 3308 ¥27444 7-10983 of<d=ta 341
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9. T nEH

g4 W= 45497 S Rl i Ftg F40EE(8.000rpm, Smin)Es F
T# o8 Tris-buffer(pH 70024 38 3§ F D5 AR-s

ZAPHAE o wAF 4287 Hse 7% polyacrylamide, 15% ager, 2.5% k-cora-
geenan 9 3% sodium alginate® ARSI ZhE gl FAlE IR O 19~26 pauge
F4H 1| 68 01M-Cacl, §9=] Ha6k] THSE A|H 20, 2% bead= 0.025M CaCh
Sdd FAES 4T 1247 494040 § LA8A]H Ao

Bead|2] 44T <(viability index ; V. L} bead¥ 10% Sodium tripolyposphate -8-¢¢]]
U9 oHE Ringer $0 2 #5438 methylene F4' 25 4758 SAsG 0], A7k
A5td] uhE W] 8 free cellPr Hasmatocyometer® o] fdfe] #&#igch

10. L-Methionine®| 444

L-Methionine 4455 8 o578 @7 fs deld M8 Yel 22 we)
&} ol WeolTHIH] AFXEFES sto] 243 F9TF free celdh] @ FHAEHE 9
ato] SRS AESHE WS L-methionine 434484 FESgE

=, Z+7he] free cell ¥ 2AYE bead® MPM 100mig ¥£ 500mf 42} FelsIda &
WSS 300rpm, 25 30T A] 95417 B2 A7l O vk S membrane filter (Gelman Sdi.,
02pm)E mlale] o}ojedt A R4 (Hitachi Model No.&35~50, Japan) 24 #-4&si5in
2 =& Table 25} Fcl,

11, Hss4| 7ixa WS

2 Ao A A% XS YXa (Continous air-lift tube fermentor) % A¥942E Fig
1 & .

AE7ES dEEE |A 2om, 29] Them, FH 43 200ml, 230852 & §%2] 70-80
%, superfical gas velocity'= 0.98cm® /s2 51 IAHME2] bead 73] 2 beads] THE
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Table 2. Operating condition of amino acid analyzer for determination of L-methionine.

Instrument : amino acid analyzer{Hitachi Model B35—50)
Column 268 mmiD ¥ 150 mm

Resin : Hitachi custom jon-exchange resin # 2619
Buffer flow rate - 0235 ml/ min

Column temperature : 53T

N; gas pressure : 028 kg/cm?

Imjection volume - S

E9 & &l A f2] A2 (U7 Sem)yE 4351, water pump(Haake-Germany, type
000—5818)2 WEE 22§ 30CE f2ty.ern] MPM# peristaltic pump(LEB Model No.
2132 2 M R Y93t fHEeE S wEs dfssd.

3

Fig. 1 Schematic diagram of continuous-air=lift tube [ermentor,
1. Bottle with conc-H=S(, 8. Humidifier

2. Medimn ressrveir f. Air filter
3. Feristaltic pump 7. Botameter
4, Fermentor 8. Product reservoir
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¢ Holg w7 welglo it ultravielet(UV), ethylmethanesulfonate(EMS), me-
thyimethanesulfonateMMS), ethylenedibromide(EDB), B-propiclacton(f—PF) % N-methyl-
N'-nitro-N-nitrosoguanidine(MNNG) §<] sleu 5] #48le] 78 € o5z gle
Fo e Welsl F2 gilgl MNNGE Brevibactrium flavum ATCC 140673 Coryrebaclerism
glutamicum ATCC 1303291 500pg/ ml F=2 30TeAM 3027 A2 so] CM plated] =03
thE- 3—747 30T 2 incubatorel A ¥{oFg X MM plated] tooth picking 838 W CMel
A A&t MMAME 489 E colonyd WolTa REsigon, dA«l&& E°]7
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Fig. 2 Effect of various concentration of penicillin-G on the mutetion ratio.
O——0 | Brevibacterium flavum ATCC 14087
®— 8 | Coomebacterium giulamicum ATCC 13032

- g4 =



Brevibacierium flavusm ATCC 140672] % 18%, Corynebacterium ghutamicum ATCC 13
o3z8] B4 15%s deldy 78 Jehdsied, ol T2 penidcllin-screening ZAHE
Eag J5° A" % 4 57 Mg 0% deold Sriidhe i dghed o BF
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Moz Agzhec,
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ol fEd s LEAGEE dvdles FIMAECNG FREA2] H4E8Ne o)
feed back inhibition®] ¥o]ute L-methionine™® A Brevibactorium fevumd) %5 714
A% 54 ¥ S-acetylL-methionion®l 284 feed back inhibitiono] Yol l=, Corynebacte-
rium glulomicem®] 74 cystathionine-y-synthasec] 218} inhibition®] Vel #oa ¢
A s,

EF L-methionines] %5 GEH27 H4HE L-threonines] $3 o] S#HX inhibition&
vEptER ofsighe G 55 inhibitiond MAAF) f5e 2T dgaT4= o
4 ¥ methionine analog]dT# ]8> Table 3+ vjehygich

Table 3. Methionine productivity of the mutants of B. floowm ATCC 14067 and C. gittansi-
cum ATCC 13032

Strain FPhenotype L-Methionine
- productivity (g/1)

B. flavum K—72 Try~ Em' Et' Tm' 005
B, flavwm K-—98 Len™ Km' Eff Tm" 011
B, flavum K—104 Thr™ Met"™ Em" Et' Tm' 042
B. flarum K—206 Met™ Km' Ef Tm' 0.30
B. flavum K—431 Lys™ Km" Et' Tm' 0.27
C. glutanicum B=125 Leu™ St E Sm' 0.17
C. glutanicm B—69 Lys™ Str* Ef Sm" 024
C. glitanicum B—70 Thr~ Hos® 5tr" Et' Sm’ (.59
C. glutanicom B— 160 Leu~ Hos™ Str* E' Sm’ 000

Em 7 Kanamycin
Str 7 Streptomycin
Et i Ethionine

Sm i Selenomethionine
Tm 3 Trifluoromethionine



Wold: B flaoum K1042] H$- thr met” Km' Et' Sm' Tm's) genetic marker & 7177
L-methionine 4458 042g /1920, C gwtamicum B702] F§ the hes” 5t Et Som'
Tm'2] genetic marker® YERA™ L-methionined d5& 050g /12 vehdvh

olg}gte @I= Morinagn 592 Pseudomonas =p.2] Ethioninet] 4355 04—05a/25
methionine® 498548 Lo@ A=t vledh) kase Fo] 2 25 /12| methionines
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MES 8| peptidoglycanTEE o5t A9 Jeis) A9 4% WP 2%
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Fig. 3 Effect of reaction times and lysozyme concentration on the protoplast fomation.
(O—C ¢ B flavien K—104 500pg/ml fysozyme
& —® : B flovum K—104 300pg/ml lysozyme
H——a v C glatamicwm B—T0 500pg/ml lysozyme
A—A  C glulgmicem B—70 300pg/ml lysozyme
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Fig. 4. Effect of Na-succinate concentration on the regeneration of protoplast.
O—O | B flovum K—104
®—® : C givtamicum B—T0

2+ 97 Kanekos} Sakaguchi™#] "I we} sodium succinate® osmotic stabilizer®
ALgEr it & RCM 05M sodium succinate® H7ielel S5 S13E o B favwm K1043=
64%, C. glutamicum BT02 66%2 714 22 A44& vellisid

ol Brewibacterinm W Corynebacterium2] osmotic stabilizer® 0.5M sodium succinate=}



7t F9otn 2§ kaneko$t Sakaguchi™ 2 AkamatsuSt Sekeiguchir™s] Eatsie 9
8o} Cellulomonas flavigena®] osmotic stabilizer#4 0.4M sodium succmate?} 73 &
AHo|gLS R =& 9P Rage 4o dsled o|AE T8 o A2 AT
T},

4. 852 Hal

W] B flasum K104 2 C glutamicum BIOTS) AE 4584 947] 1%+ procaryotic
cellg] ME §8o| F2 ALEE 4% 27049 polyethylene glycol(PEG) # 6,000 AM4
#9148 92 PEG #6000 ¥=< B¥ Fib= Fig 55 Bk

HEAE 949 +927EEE4 PEGE #HEE AT Kaosl Michayluke PEGH|
ether linkage® M Euts] s werslg e £ARGS S8 8 Aol 2471
slas] s)g o) Lol uYetA ABsol W AWAAS (4R (—)rEle
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Fig. 5 Effect of PEG #8000 concentration on the protoplast fusion.
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A% g8 $%9F7F 4452 Aelgkn 2uE o) R, Figso 45} o] PEG #6,0005)
#7he 30~—40%44 7 MR} =sted 30% o8 g 40% o]@elME FAses

Table 4. Fusion frequency between B, fawen K—10M and C. gldamicum B—T0.

Cross ;. Fusion frequency({Em" St”
B. flavium K-104 With 35% PEG #6000 With 35% PEG #6000
(Thr™ Met* EKm' EI* Sm" Tm") + 3% PYP'
=
C. glutamicum B-T0 87 X 10" 35X 107"

(The™ Hos* St® Et' Sm" Tm')

# ; Polyvinylpyrrolydon

KEm : Kanamycin Sm i Selenomethionine
Str 3 Streptomycin Tm : Triflusromethionine
Et i Ethionine

Table 5. Fusion formation by protoplast between B. flavum K-104 and C. glutamicum B-70.

Strain Thr  Met Hos HKm Str No. of colony
(perental strain)
B flacum K-104 = -+ + R 8
C. ghitamicun B-70 - 5 R
{fusant)

- = g R R 7
e 4 e E R 1]
= = <+ R R 8
=t vy = R R 4
= =+ -+ E R 5
+ + - E R 3
.y = i R R 1

R  resistant

S . sensitive



golxle AWE JeEded ojdgde] PEGWEr Wi A4 #MVErl Tide HE
feae] g b3 9 positive polar groupt PEGE ether linkage?t M2 {Hdl 218
FHYI =7} gadin], §8 Bge) PEG #6000 494 osmotic damage 4] Uoirh
A gafe] AdE FEse A= B el 4zhEg.

ohaha] B -AdgeME PEG #60008] 33 =8 35%E Ao olfs] dHd AMEs
H3 B. flavum K104 ¥ C gluignricem BT0THS] 4504 4% A2 ¢ 3% polyvinyl-
prrrolydone (PVE)E #718198 wig] 4% ¥=8 Table 451 Yehizch

PEG #6000 2% AH:A #f¥ise A7X107'2 % ot Wi oy 3% PVPE 3
HELEM 35X10R o Fediddd odEn B 495 357 U2 genetic mar-
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Table 6. L-Methionine production of whole cells immobilized in various matrices

Concentration of matrices Production on whole
for immobilization (%) cells(g/£)
Sodium alginate 3.0 0.89
Polyacrylamide 7.0 0.17

Agar 15 0.09
k-Carrageenan 25 048

3% sodium alginate® R & L-methionin 44SE S Wst 060g/mls] P45
8 992} polyserylamide, ager ¥ k-carrggeenanF o2 IUHE EMSE o= o U
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Fig. 6 L-Methionine production and viability index(V. L)
in bead during fermentation.
OO0 ? Continuous fermentation by bubble.
@®—@ : Betch fermentation by immobilizd system
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0327+2] protoplast fuston® F8H] L-methionine=] 44H8-& HEIHD G =1R A
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