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ABSTRACT

As fossil fuel supplies dwindle and environmental awareness increases, the biorefinery process

has become the most promising method for producing alternatives to fossil fuels and traditionally
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oil-based chemicals. In particular, the microbial conversion of biomass for the production of
biopolymers is an attractive option because of the high marketing demand for degradable biopolymers
and the high quantity of available renewable biomass feedstocks. This study investigated batch
cultivation on the production of y-poly ( glutamic acid) (y-PGA) by Bacillus subtilis D1 by using a
hydrolysate of bagasse as feedstock. It was observed that B. subtilis D1 can effectively employ
glucose and xylose for y-PGA production. When B. subtilis D1 was cultivated in bagasse hydrolysate
ME9 (containing 7.1 g/L of glucose and 2.8 g/L of xylose ) , 9.1 £ 0.1 g/L of y-PGA (yield of 0.51 +
0.12 g/g L-glutamate) could be obtained. The quality of y-PGA produced was comparable to an
authentic sample obtained from conventional fermentation. Moreover, 7.9 g/L of the purified y-PGA
was obtained, and its average molecular weight (M,) was 2 x 10° Da. Amino acid analysis and
'H-NMR and **C-NMR spectra revealed its high purity. The ratio of the optical isomer ( D-glutamic
acid/L-glutamic acid ) was 56/44, and it varied with the concentrations of Mn?* supplemented in the
medium. Experiments further confirmed that no or low concentration of harmful inhibitors was
present in the bagasse hydrolysate, thereby rendering it a suitable material for the production of
valuable bioproducts in the subsequent fermentation. The biorefinery of bagasse into biopolymers is a
sustainable process that can not only solve environmental problems, but also produce high
value-added bioproducts.

Key Words: Bagasse, biorefinery, hydrolysate, fermentation, biopolymer, y-poly ( glutamic acid )
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ATRGEEAR A BRARAL  BRORESRIGER ~ (LR 2 Bl
P E B B et - (e &OR - A0 fEk
AR TR B A] F AR A 2 A OB DU A e B IRk
LURANE - EIERK 5% R Bk G800 2 SRS [16,
41, 54] - LAMAEPEE I AL ple 2 oy - B IhRelE - £ A
AWyE] oyt BT LR AR Z AR - iE LA
Tob (o P ARG EE HA G I ERBIE 54 IR AT A AR
ZEM - CAHAT AR &S ~ bildn - BEE IR IRERIR
FEFIL, 46-47] - VAR TEEENHERE - AIZT
> HZAIBEVRE » S EPIRY AR ] DA U — S B
DR SRAR Y R ELATCEFIAEL S RoBE 2 » mIT{E
BRIE L {52 - 45 S AR R IR I S P A AR R R B LA
FREEYNE T IORAME AT AR TR [F)R m] AR 4
BEEZ L > ARSI S Z et BE - [HIShEE [5
11, 18-19, 21-22, 31, 48, 51] -

7 k&R (7 -Poly (glutamic acid); y -PGA) &/
Gt Rk - BT HMAEMRS aRInG 2 —RAES
P> HAeh D R L BARFRAEE o Rk e oy RO S
[l SERERN—ERE ZRAETT [4,47] - v-PGA R
AR AR R AR oy PRt H R S sy i 2 EEVI S

NS NI AR E A E S 2T E BN B E
B R HOTAEYIR Bt~ b - B RIR R E SIS E H
EAMRZRCER - HATEAIE AT BUEEEy) - BN 2 55
[17,35] ~ FffrZ I R &7 [25-26, 43-44] ~ {Biidin
PRI [9] ~ B Z WA [55] R U [38, 50] ~ BEKiE
B2 ZOBER [8, 49] K B < s B T EA U A 2 W B
[10, 27, 36-37] >t A 5 JJR KA I RCHRA ) [13, 33,
39] -

DRI LA S SR 1 DA TR 2B 8 R JRURE I 228 8 A T K Jof
PSR AR R A R A 2 SRR -

=~ MRETTE

(—) B

ARBFUATE A 2 B AR A FE R &y Bacillus subtilis
D1 {HH R BE A ER AR A B T B I e volis B8 /K i 88 = Bk
[3] - Bacillus licheniformis CCRC12826 ( ¥ /& Bacillus
licheniformis BCRC12826) £yfiff5% v -PGA ZEEH i H 2
iR [47-50] > RIEAEAHTZE TR —GFERES LLEL B, subtilis
D1 #E{TEEEL -
(=) HREAKETE

FEA/KIERFIC A 2K 7% [2] - REESL 0.25 N AR
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fig ~ 131°C ~ 20 min ~ EELE 1:50 FREIIRHE A 1%484E /K%
[ ~ pH4.5 > ££ 50°C > 100 rpm 1 T/Kfi# 7 FE -
(Z) HtREREEERTE
HFBERE B. subtilis D1 DAEIARES Y 75 TR E AR 5T
B (B3 15 ol ~ BERIEEHY) 1.5 g/l ~ APIEEHLY) 15
g/L - NaCI5g/L) |- BEWNRCEEFEFRS (37°C ~pH7.4)
BB - LA S HHl— S E R BN SR RS
5 (BFFREEEHWY) 1.5 g/L ~ A AZEE) 15 g/L ~ NaCl 5 g/L)
o Y 3TCEFEAET - 150 rpm A EHTETE 48 /N -
LL5% (viv) FFERE AN Nl 4 ERE s » FRkEE
e £ AR ERENMORE R BRI TR B a8 (37
C ~pH 6.5~ 150 rpm)  [48] - EREIRIRER AU i E
WG LA AT 772553 AT B RS e P ~ TR e o -PGA R -
(M) RSN ERRREECTE
FoTRaT BERRAE 75 (o F HA A B /K R R bl AL 5
#E&r B, licheniformis CCRC12826 (¥R & B. licheniformis
BCRC12826) K B. subtilis D1 E#RAE 75 {5 F A [5] SEHE Ay fist
TRLVEEBHEAR o HEBERAEFETEN Ll E R
ERBLRRERFEE - JE{LE T RAE ME 8 (Medium 8 558
) 2 A EEERE - ME 8 %4 (L-glutamic acid ) 20 g/L
R AREREERR 20 g/L ~ NH,Cl 7 g/L ~ MgSO, + 7H,0 0.5
g/L ~ FeCly + 6H,0 0.04 g/L ~ K,HPO, 0.5 g/L - CaCl, + 2H,0
0.15 g/L K MnSO, + H,0 0.04 g/L - s F Z AR o] Ryfe
1% (sucrose) ~ /K (xylose) - #j&jifE (glucose) - 2RI
(maltose ) Jz=F-7LffE (galactose) o jik A B B AL B AL
AR ERETIDRE AR E (37C ~ pH6.5 - 150 rpm) »
5 A R B I E/D B BRI DA M T VA 43 T R R R
J& ~ BRIFRE R v -PGA K -
(F) Bacillus subtilis D1 JUREE KB Ripe R AR EE A4,
i
#F B. subtilis D1 BEFEEY Ll [E AR R A B R AR T
B JE(LIR FHEER ME 9 (Medium 9 B2 RS ) 7 A ek &
B - ME 9 (RDAREEKIR (SRi&lE 7.1 o/ BLARHE 2.8
o/L > SERIIEREEE 20 g/L - NH,CI 7 g/L ~ MgSO, » 7H,0 0.5
g/L ~ FeCl; - 6H,0 0.04 g/L ~ K,HPO, 0.5 ¢g/L ~ CaCl, « 2H,0
0.15 g/L & MnSO, - H,0 0.04 g/L - 4 R i E i e
B ERETIOREARE (37C ~ pH6.5 -~ 150 pm) »
%8 A R R T Y E /D B B RN DA e T T 4 T R R
J& ~ BRI R v -PGA R -

(7") r-PGA Z&i{t

SIERTER KSR pH B39 5 2.0 1&24E 4°C 10,000
rpm g0 30 min - i EIER pH (EFE 6.5 R EEIR
ZEELL L ALLBIE & &EE L (6,000 rpm ~ 4C ~ 20 min) »
A ECEBYIE - B EIR T 24 /NFETEE - B R o
-PGA - i v -PCA JEINZLHET/K - JBAEMTRE T (cut off
Mw = 12000~14000) #EfTiERT » HULETHIEN Z AR T
R HHIRRI SRS v -PGA »
(£ ottt
1. EREREME

BRI E MR R 2 WIE B /it 0.2~1.0 (ABS)
Z [ > A4y et (Hach DR-5000 » USA) 74 i £ 660 nm
TOHIEIR A - RO AE T AR B RILR B R 4B IR
JEfE > DOEEREE (optical density, OD) FoRE G AE 15
-
2. BRIFRE T

BIEEMEL S RORMET#E (High Performance Liquid
Chromatograph » HPLC - Hitachi L6200A - Japan) 434 @ &
£ B Transgenomic ICSep ICE-ORH-801 ( 6.5 mmx300
mm) - BLR I EIgs (BISCHOFF) - {£ 65°C N7 o047
MR Ry 0.0025 N RitlE/KOEIR - itk Ry 0.6 mi/min » B2hmE
ABSRA R 20 wl - SR I0E & 1M R EA HPLC » ¥
RO ST i Z e B AR B AT 1S 2 25 el B 7 DRSS « AR TR IR
LUHPLC 53#fr » ‘&1 Ry SphereClone™ 5 um ODS (2) #iAf]
JETEFE( 250 x 4.6 mm; Phenomenex USA )e 5% 55 0.2 M
H;PO,/Methanol (LA 95/5 » S 2E 0.2 mi/min) » {5
M 220 nm) > FREVEARSRA R 20 wl o BRI HUE E Y
MiFE{&IE A HPLC » SBRBARA A e i 2 f B 4R B AT 1S S1%A
WclE 2 R -
3. v -PGA I FEZHIE

LIfBES:2 % g7 ( Gel Permeation Chromatography
GPC) 7 » (& B (TOSOH TSK-GEL G5000PWXL >
G4000PWXL ) » Bl RI {EHIZS (BISCHOFF ) » £ 50°C Ni#EfT
T3 o MR R %lOK - IR 0.5 mi/min o RIRIRE AR S
( phenomenex Dextran standard > 43 7= : 7,200 -~ 16,230 -
35,600 ~ 74,300 ~ 2,754,000) &L ST T RAVIGELR -
4. v-PGA ZEHR

Bk o -PGA JRIEZ E RIAKIT A2 J774[48] »
NN ERF R VEFRFERAE DA Bt GPC 737555 M - Wk v

S
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-PGA Z I mFREL 4T v -PCA FEAE AT M B4R AH
M - SRERYEHEE = ERERZEBEDT
HEEERAE R (meantSD) ok -
5. @AM

R ITIEERERET LI > 7 -PGA JE{E 6N
HCI > 7£ 110°CoKfiE 24 /N & FHEIERE 2 176E (Beckman
system 6300E analyzer ) s3#r& ksl
6. TEANE 2 B A AT

7 -PGA FESB T L BT /KT > FERABHES (cut
off Mw = 12000 ~ 14000 ) #1777 - BB RE N 2 AR
TR Mz - HEZIRHIER IS 6 M HCI - ££ 150°C #177K
fige 24 /INIF - FERF/K AR AR B i (MFS-0.45 um )
PLHPLC 437 DIL B& /e LR » 21 By Chiral Daicel
CROWNPAK CR (+) BLR I {528 (BISCHOF) fE7 &
200 nm NHEFTIIAT o R R 50 mM HCIO, 7KiEiE (pH
2) > iRy 0.5 mi/min - ST ARG 20 pl
7. GEEEIIHT

WA 73 BT {5 i< B8 ) - B B% 7% ( phenol-sulfuric  acid
method ) [20] - DAG&IE R icte i » KEHE o -PGA BRAIBIR
B AR OB IELYAE 0-100 1 g/mi)S3HIEL 2 ml A 1 ml
5% (viv) HIBERERA - FEANA 5 ml (36 N) AL - F1E
TREELIT O E & 480 nm Kz 490 nm Ml & bR
M ~ NBREEH 2 E -

1]

%g

(—) HREEAKE
HREES% 0.25 N B ~ 131°C ~ 20 min ~ [EgEE 1:50 &
HIEPEA 1% @4EKAEREZ - pH 4.5 > #£50°C » 100 rpm #E
TT7K AR IE » 45 SR B 88 = /NI 1R B 4% 2 B e i A
R (E ) il Ry &iE 7.1 9/L(35.5% ) KiE 2.8 g/L
(14.0%) » JASFEELENE > 77.3% [2] » Ph/KfERAIE Btk
TR IFURI AR E v -PGA -
(2) RSN EREREECE
Fo PRET I 9T B ik A 15 {8 P A5 T 7K A R R B TR DA AR
y-PGA » [R5 ¥R 5 BRI IR AE 75 (68 FH N (5 M R i DL AR 7
v-PGA - & B. licheniformis CCRC12826 ki &E & iE
W~ RHE ~ AETHE 22200 SRR MES B E i
TR AR B R TIOR B RS ® (37°C ~ pH 65~ 150
pm) FTS4E REURE RS £ R & v-PGA 4 By JFH (K ( Data

not shown ) o (R AR B. subtilis D1 Bk ES & A& REFE ~
AHE ~ BEIHE ~ ZEEHE - FILMEZ MES SRt - YRDR
A ERETROREERE (37°C ~ pH 6.5~ 150 rpm) »
PSS RA0%% 1 Ao » SERETRA R IIFESIRE - HisE R
IEE R HA PR y-PCA ZAEFE - INIIHEAER o] (e #E B e
ARl y-PCA ZAE - EIRNIRETENE ~ ANESUTERER E S
A fe S y-PGA Z AR S » y-PCA 2RIy 13.440.2
g/L ~ 11.520.3 g/L } 9.240.3 g/L » E AN FHE - L FUMEEF
HAGA R y-PCA ZAEFEAMER  y-PCA ZIRE A B 3.1
101 g/L & 1.9%0.1 g/L - Myt Gt BLAHE Z IR B.
subtilis D1 E#GA4E & J v-PGA Z A EIFHAF] X HHEA
KR EH S A E SR - NILIERT{E R B. subtilis D1
HEE y-PGA AR © #5FF B. subtilis D1 £ & AL A
EMEE 10 o/L 2 MES By g AL E - Al AGE R I v-PGA Z
FEMHERE > y-PCA ZRE R 144102 9/L -

(=) Bacillus subtilis D1 DIREEK R RIRREETER

&

PR DL B B Al SRR DA e W LA 2O R B Bl
ZIRI¥S B. subtilis D1 BAGAER K v-PGA ZAEEIFEA
M > NATHCRE B KBRS IE - FTie 2 KR EZ S w &l
7.1 g/lL (35.5%) EAANE 2.8 g/L (14.0%) - fLEEELNE S
PRI LUK R IC#Ls MEO - 5 B. subtilis D1 2
ME9 558 Z &ERANE 1 Fror - & R R ER RN
B BEIMEREGESS 12 /NRREPUE % - KR AIRE
55 36 /NIFEERALE T - 45 96 h 45E% (% - FEINESE 2UHFETS
o MAKREZAGER 0.1 o/l > FERFEAELRE LG
20 g/L [%Z 2.0 g/L > WG4 REEEORIE MM _L7HE 48 h
EEFSEEEHA T IERF y-PCA Z R RIER 28 2% B. subtilis D1
FEREE /KR (SR EIiE 7.1 /L BIAHE 2.8 g/L)XE 96 h &%
[ > A[15 y-PGA 9.1+0.1 g/L - E*X £ 051+0.12 g /g

77.3% >

(L-glutamate ) -
(I9) 3h HMF $f Bacillus subtilis D1 Fl|FRE /KR4
EE y-PGA Z &

STIRR ¥ STk DARR B 7K S R K A4V B A2 v Sy 7 AR
TEIEYIAEEN: (acetic acid) ~ BRI HIEE (furfural) & 5-
FEH ELHERE (5-hydroxymethyl -furfural, HMF ) » A& 48
SEAE P EAEAHIEA [30] - H A B BRdl R R REAK
fig /i AT{F £y B. subtilis D1 4= 7 y-PGA Z AR - 48 96 h
SR AEINEEIANES TR 2 HFE T R FIR R R
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fekign 20 g/L FEZ 2.0 g/L - W]{5 y-PGA 9.140.1 g/L - [t & HMF JRIERE B 0.25 g/l » BEEA 14.3%2 v-PGA A EY;
SR TRE R AT Z B KR A G R A A HIE 2 f - & HMF IR ITREER My 1.00 o/l - RIFAEEE 93.4%
HERIEY) 7VA IREZ B. subtilis D1 B A ERIEYA = Z y-PGA AEEWHIH] - PRI FIREEH A SE 2 RE A KRS T
B2y - RILZIEAR ME9 B8RRI [FREZ HMF > 5 e LA HEIE 2 A SR EYS0E 4 2 RS - 1
LA B. subtilis D1 224 7E yv-PGA » 5 5RA01FE 2 Fios » 8830 B. subtilis D1 $f HMF 2 {IH12Z IR S -

HMF 2 7RI B. subtilis D1 42 y-PGA HHIGIfEA -

F1. REHEESBacillus subtilis D1E#E4 REy-PGAL E 2 &

Carbon source (Conc. g I'") y-PGAvyield (g I ? ODgs0”
None - e 0.2
Sucrose (20g1™h 9.2+0.3 20
Xylose (20g1™h 11.540.3 18
Glucose (20g1™h 13.440.2 24
Maltose (20g1™h 3.140.1 0.6
Galactose (20917 1.9+0.1 0.3
Glucose+ Xylose ~ (10+10 g I'Y) 14.4+0.2 25

*The y-PGA yield was measured after B. subtilis D1 was incubated at 37°C, pH 6.5 and 150 rpm for 96h.
PBacterial growth was measured by measuring the optical density at 660 nm (OD o)

24

conc.(g/L)

Time(h)
[ 1. Bacillus subtilis D1 DUREE/KRR RIERE BT R R
Symbol : AGlutamate [Glucose @Xylose @r-PGA WODgq

2. IRIMHMFEBacillus subtilis DL FHRE A KR AL BEy-PGA 228
Added HMF Production Total Sugar Consumption Glutamate Consumption v-PGA Production Inhibition of y-PGA

(/L) % (g/L) (o/L) %

0 100 18.0 9.1 0
0.25 95 17.2 7.8 14.3
0.50 75 6.5 3.1 65.9
1.00 35 15 0.6 93.4
1.50 2 0.0 0.0 100

EEEAR(T ¢ 5 B. subtilis D1 B L& RN SR A KR 2 AL RSB AE ME 9 (Medium 9 55858 » IAIIREIREZ HMF (0 to 1.50

giL)

» WSS AR R R T IR 5% (37°C - pH 65 - 150 rom) -

S
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(F) Bacillus subtilis D1 DIREEKEER RREETER
g &b s b i
BRI BIESNE &) (extracellular polymer ) » {7357
AR - BRERERTIR < R M S R O AR
% WU EERIIA LB P RTe S 2RI GIR Z AR
B 8.6 glL - FECEMNT ~ L HEZIRRI IS EI4 » -PGA 7.9
giL > HPHEg8 (M) DIBRGZERE (GPC) oKy
2 x 10° Da - (HAEYIFTAERE v -PCGA 25 THLHAE 10° -
8x10° (2522 3) % 43HkE (polydispersity ) Fil%4£ 2-5 -
ATFZE DURE S /K 4% B. subtilis D1 #2EEFTES: v -PGA 2
73T B B SRR RO < A A 7 TR AR L AR E R (R P AS:
-PGA 2 73 FB—5 - BRI B (A 2 8 2 B EY)
FEL > BEBOITESBEE —HEER - 41tk 7 -PGA
2 'H-NMR 27 3¢5 D,0 55 1.8-2.1 ppm(m, B, 2H )>2.3-2.4
ppm (b,y,2H) > 4.1-4.2 ppm (b, o, 1H) > 7.8 ppm (N-H) ;
BC-NMR 7 3¢sfE D,O & 178 ppm (COOH) - 174 ppm
(C0)55.0 ppm( C, )33 ppm( Cg ) 28.0 ppm( C, )» *C-NMR
Ot EAE 2 FR o iE s R ARSI b1 v -PGA 4
[EMHE R (>96%) ° KL v -PGA ZKAEIL M BB B
1Y) dHRREL G - SR SRR BE A OB A Y) ( D- AR
IL-%k 585 ) ELBIEs 56/44 (41ME 3 For) > Bn D-BA&
% (D-glutamate) LGS —2k « STER L ESHER[E
BT EY v -PGA HIZRBYILLAIERE R (F
4 ) B. anthracis [23]&2 Planococcus halophilus [29]Ff 4= 2 v
-PGA §& D-%k% % - Bacillus halodurans [6]~ Natronococcus
occultus [40]E1 Natrialba aegyptiaca [24]F 4= 7 v -PGA {£&
L-Zk &b - 21k B. subtilis Fir4= 2 v -PGA HIER[E D-BA &
B /L-%k &85 2 BB > B. subtilis (natto ) [32]FF4EE v -PGA
& 50-80% D-%k & s B 50-20% L-%k & B -
(chungkoojang ) [7IFfr4=7E v -PGA & 60-70% D-%k & it B
40-30% L-%:% & - B. licheniformis [45]Ff4 & v -PGA &
10-100% D-%k &% - Bacillus megaterium [52]F4: 7 v -PGA
& 20-50% D-E: & % -
(73) Mn*? EEE%T Bacillus subtilis D1 DUEES KR BB E
S ETB R OCBRBY ERLE e
SCER Y A — SRR E v -PGA HUE B R AEY)
EE 1 S 5% L ORI 2. M SRS B A R [E] - Bt
ZeEETHE MnZ EREL 0 2] 615 14 M B » ATCC 9945A iS5 1R

B. subtilis

e v -PGA iy L& BEHYE ot & e 60%[F £ 10%
[15] - 1%} B. licheniformis NCIMB 11709 %2 #4% B Fir iy 45 5
WETRE MnSO, REHE NN - H v -PGA iy DALt &
e 3ghn [45] o FTAAREEREIRIIRIE MnSO, R A2
R[E] DIL ELBI S kRS - 5 M2 (0 to 1230 uM)

NI AR A K R Plc Bk B8 Ak (MEQ) DIFRGT H
¥t B. subtilis D1 fit4 2 v -PGA V) SEE FAEYIRAHRL
LB > &SRR 5 o - EER&ERETURES B. subtilis D1 =ik
B Mn® I e 2 (L > i o -PGA 2 DIL-
BEE TR HIELA - & M2 AL 0 0 M {15 1230 u M IS E:
DA &ML AT (G LLBITE 39.6%5 (L2 69.8% » L-EA & I A (5
ELBIBE Mn? SRR D > BLASREL Mn* ¥ B,
licheniformis ATCC 9945A [15]k; B. licheniformis NCIMB
11709 [45] 2 28 —%0 -

D-form

L-form

& OFFS @ Ad/pe/e0 83:22

S 18.8 RTT

B 2. #i{bi% 2 y-PGA By PC-NMR B3t -

aza

are.

I i

LR R e R SRR AR LA Ll Ly L L) LR AL RN LY LAY L) LR

moomo 6 Wowoomo w8 0w m

H 3. 4i{bikZ v-PCGA KL AEY) (D-BER/L-BE
&) LBl -

S
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*® 3. BRIAETBRM I R - SURILEL

X 2
L ?%/Eﬂ 5 % 7 -PGA £ & (9/l) 2 9 b =
Fitk Y D) BE » 5 £ (Da) 54 T
Glutamic acid 20 N
. - 37C 14.4+0.2 i
Bacillus subtilis D1 Glucose 10 . This study
4 days (2x10°Da)
Xylose 10
Glutamic acid 37° 9.1+0.1 g/L
Bacillus subtilis D1 20 ¢ e ¢ This study
Bagasse hrdolysate 4 days (2x10°Da)
Glutamic acid 20
Bacillus licheniformis Glycerol 80 37C 17-23 [14, 53]
ATCC 9945 Citric acid 12 4 days (1.4x10°-9.8 x 10°) '
NH,CI 7
. . Glutamic acid 70 N
Bacillus subtilis 37C 455
F02-1 Glucose . 2-3 days (1.20x10° ) [32]
Veal infusion broth 20 y '
. . Glutamic acid 30 .
Bacillus subtilis . 37C 10-20
Citric acid 20 5 . [34]
IFO3335 2 days (1.0x10°-2.0x10°)
(NH,)2S04 5
Bacillus licheniformis Glucose 75 30C 8-12 [12]
A35 NH,CI 18 3-5 days (3.0 x10° -5.0x10°)
Bacillus subtilis Fructose 75 30C 20 (28]
TAM-4 NH,CI 18 4 days (6.0x10° -1.6x10° )
Glutamic acid 65
Bacillus licheniformis Glycerol 170 37C 21 (48]
CCRC12826 Citric acid 22 4 days (4.0 x10°%-6.0x10° )
NH,CI 7
. - - 20
Bacillus subtilis Glutamic acid Sucrose, 50 30°C 135 [7]
(chungkookjang) (NH,),SO4 20 5 days (10-1,000kDa)
Maltose 60
. - 40°C 35
Bacillus subtilis (natto) Soy sauce 70 . [42]
3-4 days (A3 24AT)
Glutamate 30
4. REBEBRATLEEY-PCAZ R EEY) (D-BRR/L-HEE) LA
Content (%)
Organisms References
D-glutamate L-glutamate
Bacillus anthracis 100 0 [23]
Planococcus halophilus 100 0 [29]
Bacillus halodurans 0 100 [6]
Natrialba aegyptiaca 0 100 [24]
Natronococcus occultus 0 100 [40]
Bacillus subtilis (natto) 50-80 50-20 [32]
Bacillus subtilis (chungkoojang) 60-70 40-30 [7
Bacillus licheniformis 10-100 90-0 [45]
Bacillus megaterium 20-50 80-50 [52]
Bacillus subtilus D1 56 44 This Study

wi



42

MR TERMET $t+=6

F-H RE—OAE

3 5. Mn*2 3% Bacillus subtilis D1 4= R EEERE Y

SRRV RIES 8

Mn?* e D-form SHIEEHT (%)

OuM 40.3

0.615uM 39.6

6.15uM 40.4

16uM 58.7

61.5uM 62.1

615uM 65.3

1230pM 69.8

BEERMF - 1 B. subtilis D1 B7H(L 1% FHEFEIN SR /KRR 2 42
B ME 9 (Medium 9 53858 » 780 Mn™2 Jiafe
(0t0 1230 uM ) » R EAE R BB S T TR
JEFESGREE (37°C ~ pH 6.5~ 150 rppm) -

- &5

AP R I A R AR R SO I 75 s A e ok B S I
AR A A SRR SR REAP R - &EEREEE B. subtilis D1
ATFI FIAHE il A8 - B. subtilis D1 1 & AHEEL A A 5 10
g/lL 2 MEB B &8 - WHS/ER I y-PCA Z A EMHERL
& 0 v-PGA 7B B 14.440.2 g/L - B. subtilis D1 7 A] Ff
FEEKIRAEE S T LEY)  BAEREKER (S aE T
7.1 g/L BAAHE 2.8 g/L) 4% 96 h %2 > A5 y-PGA 9.130.1
g/L > 2% 0.5110.12 g /g (L-glutamate ) - {5 v -PGA &%
WifLEETS40 Y -PGAT.O g/l > 5 T8 (My) Fy2x10°
Da » EHEESHTEL 'H-NMR ~ PC-NMR ¢33 i il
{E18 > v -PGA SIEMHIE S (> 96%)  JEEL ELREY) > 4HE R
Bl IR B R B Y L B2 AR Y D- B R e/ L-BE 2R )
EEf5 By 56/44 > FLEL 51 € B % Bs 8 1 v R0 2. Mn® s s
{ETEL - B BB IT 56 AT 2 RE B KR S FE P 22 2 7K
R GG R 0 2 B IE - R E & 1 R 3 8% R
AR A B E AR AL & o DUHREAE R ORI A 4
Kok L T A A A S B R 2 AR RBADREANE AT g
&Y BB > T A S SO B A 2 b - A
= (EE -

s
AT R TR AR 2 B R
5k : MOST 103-2313-B-212 -002 -MY3) » S5 AR5 (511
WERIERT - S EH -

10.

11.

SEIUR
fiekE (RR95) » MAMAEAYIE T RHER 1t
2 5 64(1) > 105-118 -
ik ~ RO - TBUE (R104) - DUAEYIREREL:
YR T 2T 5e(U3) AT B R BB T 5 a T
EHAR T 5 (MOST 103-2313-B-212-002-MY3) » &
k-
Sk ~ RSt - EBU#E (R105) - DUEYIEHUEL:
VIS T 2 WT5E(213) » AT BE R R T T E
EHA 5 (MOST 103-2313-B-212-002-MY3) » &
it -
fidekz ~ SEEEE (R 90) » DIMAYA R ik f H
& > LRIl > 3> 17-26 -
sROEE (R102) - fesktbpRiEIEE gy - T3EMK
Hst > 3235 70 ¢
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