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Abstract

The effect of biotin and biotin vitamer on the fermentative production of L-glutamic acid

(L-GA) by Brevibacterium flavum was studied. And results were as follows.

1) L-GA production in the medium containing 109 Glucose was the best at the concentration

of Biotin 57//, Desthiobiotin 5y//, and 7, 8-Diaminopelargonic acid 10y/l, respectively.

2) In the experiment using the Glucose-Acetate mixed media devided into four parts, consi-

derable amounts of cell growth and L-GA production were observed in the mixed medium

containing 29% Glucose-Acetate.

3) In the cases of using the media containing methanol, ethanol, ethylacetate, acetic acia

(free acetate),

Na-acetate:NH,—acetate=2 : 1,

the production of L-GA were in decreasing

order as follows; Na-Acetate:NH-Acetate=2 : 17> Acetic acid (free acetate)™> Ethylacetate>>

Ethanol>> Methanol.

4) When biotin vitamers as growth factors were added in the medium containing Glucose

or Acetate as the source of carbon, the substitution effect of Desthiobiotin was almost the same,

7, 8-Diaminopelargonic acid 3 or 4 times stronger, and Bisnorbiotin has no substitution effect,

compared with Biotin.

I. # &

L-glutamic acid Egf/kiEel A Biotin o] Z4{IA
T AL olv] B-& BiREHHY KA &
oA ghovt ARTiEcl AL Biotin KE I EA
Biotin vitamer 7} L-GA(L-glutamic acid)Z% 4]l
v 2 ol Bste] HEEFSA

{# A5l Biotin vitamer 2 4] dl-Desthiobiotin,

7. 8~-Diaminopelargonic acid, Bisnorbiotin o]t}

Desthiobiotin -2 D. B. Melville®¢] {3} Sace-
haromyces cerevisiae o) 4] Biotin {E#:0] A
of B3l Al Lizk £78S] Biotin BB A &
o) 9l o1} Lactobacillus casei®™®, Lactobacillus
arabinosus® o A= FEMEo] 91L& 4 sk}
Okumura %2 Desthicbiotin o] Biotin precursor?j
RS 7t 2 9lo] ] HEE growth factor & A
7}EF BEEl $5 5.9} Biotin & growth factor 2 2 7}
3 me) #ES A9 —B 997 HEol Desthi-
obiotine] #AMIAYS) A EEES] Biotin o 2 #Hifste]
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Biotins} & AW ehanha BESHAT,

3}l 7. 8-Diaminopelargonic acid ¥ D.B. Mel-
ville®o] Sacch. cerevisiae o A Desthiobiotin 2]
1/109] 4BEH) 9S8 HwEII

K. Dittmer®#28 Sacch. cerevisiae | 4 Biotin
EMS 10022 3wl 7. 8-Diaminopelargonicacid
o] 4= 108EH:, L. Casei o A, 0.0017FMo] 3l
o # gk

=3 E.L. Tatumy!®%.2- Neurospora crassa 9
E. coli #RH 58tk Wole] W R iEikol
ZH 0.01LF goba MEstge

F.J. Ryan ¢ 7, 8-Diaminopelargonic acid 7}
Pimelic acide} Desthiobiotin®| Ffgjis =z HxEgd
2 @S

Okumura (%1% &0 7. 8-Diaminopelargonic
acid & growth factor 2 fHE 5% L-GA BiE#
o] A Biotin o]t} Desthiobiotin 8] 7 $-9} 7o} 79

e BE%E el Biotin &7 o Bt
7. 8-Diaminopelargonic acid & 15~20y A =7} &
F3}e] Desthiobiotin(®-2 Biotin 3} # 9]
ol LEFThr HEFI.

Bisnorbiotin & Biotin 9] side chain ¢ j5-oxida-
tion A/ A A d-& EH= Yang %1942 Endomy-
copsis. sp. WO 2 HH kB B
o] Bisnorbiotin 8] E#E-& Bacillus subtilis o A
1= Biotin o #3t 100%S) FEigel vEme
Sacch. cerevisiae & L. arabinosus | A+ A9 i
ol gtz #@Esg e

=) Z»}=] Carbon source & glucose I molasses
= FFSE fzuhel] glol Al growth factor A Bio-
tin, Desthiobiotin, 7.8-Diaminopelargonic acid &
o] L-GA #pghel vlAE 9o BT H0E sl
1} Bisnorbiotin 2 growth factor 2 A&
9] L-GA £l WX o Tl B R gl
=] ®3} Carbon source @ acetic acid"’>'%**%
(#3389 2™ Biotin vitamer 7} L-GA 3o vl
AE o Tl BT H®ET 947] A £ Brevibacte-
rium flavum®»?%*< fFFEle] Biotin, Desthiob-
iotin, 7.8-Diaminopelargonic acid £ Bisnorbiotin
& growth factor 2 {FfIsle] Carbon source 2
glucose B3, glucose-acetate WAL 2 &8 H
Bapeoe BHe FEAAe BEEd vA
= o o] BHsle] HWEEY MERE HEYch

o =
7;:1"1:511

I. E®HAE
1. GERE#%

Brevibacterium flavum.

Table 1. Composition of Slant Medium.

Beef extract 1.0%
Polypeptone 0.5%
NaCl 0.5%
Glucose 0.5%
Urea 0.5%
Agar 2.0%
pH 7.4

Table 19 #51% st 30°C oA 24H5R3
fHERESH] REFHo2 A

2. HEEOAE R SRR
AREERol N3 E5HbAR-e Table 2 9 72t}

Table 2. Composition of Basal Medium

*Carbon sources

KH,PO, 0.19%
MgSO, - 7H,0 0.04%
Fe*~ 2ppm
Mn** 2ppm
Casamino acid (Vitamin free) 0.05%
Riboflavin 2007/1
Thiamin-HCI 200y /1
P-aminobenzoic acid 2007/1

Pyridoxal. HCI 207/

Pyridoxine. HCl 1007/1

Ca-pantothenate 1007/1

Nicotinic acid 1007/1

Folic acid 107/1
**rea 0.9-2.8%
*%+#Biotin Vitamer required amount

pH 7.0

*A, glucose 10%

B. glucose 0.1%, 0.5%, 1.0%, 2.0%,9 %
glucose % o] acetate & EAIIS A,
Initial acetate : 1.09% NH,~-
acetate=2 : 1) Added acetate (free acetate)
D12 7 2%, 24A ¥ 3%, 364 7HF 4%
feeding 3}<] Total acetate 7} 109 = A 3}
15/, pH control & 309%-NH,OH soln & {#
fiste] pH 7.8~8.00.2 FAEiste FHtt,

C. Methanol, Ethanol, Ethylacetate, Acetic acid
(free acetate), Na-acetate : NH,-acetate=2: 1
9 4 Fifaire Mitial 1%, 12425 2%,
UATE 3%, 36A7F 4% feeding 3tol A

(Na-acetate :

— 106 —



Table 3. Chemical Structures of some Biotin Vitamers

Vitamer Chemical Structure Molecular Weight Melting Point
d-Biotin 0
|
o}
7\
HN NH
! | 244.3 230—232°C
HC— (I:H
|
H,C CH(CH,),COOH
N S
d1-Desthiobiotin 0
j
C
VRN
HI|\] I\IIH 2]12.24 156—158°C
HC—CH
| |
H,C  CH,(CH,),COOH
7, 8-Diaminopelargonic acid I\IIH2 1\{IH2
H?——C[H 188.3 135—139°C
H,C  CH,(CH,),COOH
Bisnorbiotin [e)
I
C
/N
HN NH
| | 218.3 213—216°C
HC—CH

|
H,C  CH(CH,),COOH
N

Total 10% = A s+t

% Initial 1%, 124 7b% 0.9%, 24473 0.9%
feeding &} total 2. 8% = A 53 ch.

Fkk gEESEE Do) 4] 3L Biotin vitamer o & 2
EE Fw.

& B A {FHE Biotin vitamer o] {hEBHEE
+ Table3s} #te},

PHEH R BARHES FHgE) dovt R
ESoll A1 {# Figl 7. 8-Diaminopelargonic acid 7} glu-
cose o In#iTHES] telvhA Skifel Hrl WE
of M0 SRIRES St

5 BB k-2 Biotin vitamer & & RS
wE AN ghEol A BEstd BH Az o
W 2 A4 BERS £5E flasko] A
7} s Fkelth,

oMo FEFME-S 500m! K5 flask of  EEEW
£ 30mi g GpiEsle] 110°C ol A AR KRR
H9e.

B JBIE Tem, 120r.p.m, 30°C 9] f&ffko) A]
S8 Ay EES el

3. Cell Growth %

Broth & 264] 3] 43l9A Spectrophotometer <-
fERS] 562mu o] A optical density 24 ZA 319
t}, (Shimadzu model OV-50 spectrophotometer
R

4. L-GA 2B

Paper chromatography Fi:& ghfisl TEES
% s ot

Broth 2 9,000 r.p.m o] A <k 105078 W03k
3t BES) 343l Toyo chromatography filter
paper (No.50)¢] Zo] 2cm, iE 0.5cm Z 0. 1ml
A spot & v}2 n-butanol: Acetic acid: water—=
4:1:59 B%S LES WA BEK s
12~144 7+ EBAst A ok,
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o] AL 3~4A 7k 30°C o)l A BffAZ the 0.2
% -ninhydrin-acetone 89 2 of A9 &l
sta] 60°C ol A 34 ofle] BEAZNGE 2%-
ninhydrin acetone £ 8- }elyd spot duiyol] pipe-
tte 2 0.3ml 4 JAFAA 60°ColA 345 E
o] KE@s e

)& pH7.0, M/25-phosphate buffer &4
A9 FHol EFF g 60°C ol A 4055/ In
#et ot

23 L-GA spot AP}e SmmAES Hg

=i
T

08|

o 04

0.2p

100 200 300 400 500 (r/mv)

CONC. OF L-G.A.

Fig 1. Typical Standard Curve of the L-glutamic
acid by Paperchromatography

GAA A& 2L g Crip 2 HojA u]g &
H] & Zrlge] dAE dol 0BR BEAAST

Bl Bt oA spotubs o HA A H
dxza pH 7.0, M/25-phosphate buffer soln,
Methanol % 2.5ml4 fpste] 30°C oA 347
KBS tte BES 7L BHAA
tometer 2 {# fi3le] 570myu o A optical density &
BIES ohS standard curve o 4] L-GA ¢
a4

Fig 10] L-GA Standard curve o]},

spectropho-

2o
B

5 #ExBC

Lehmann Schoorl 6]
EastH o,

#®e EERTHEEo R

I. BBHER ¥ B8

1. REROo= Glucose 10% 31 RS £F
B L-GA &t Rfiel L

@ Growth factor 2 Biotin i fiRse] 4 HE, L-
GA £ BpEe] ik
Biotin % 2y/1, 5r/1, 107/1 & F3A 7 wiA]
AT BRT TFig 2009 ojw AFEE 10-

s _——A aAyp A
0.9 30f " o0t
A S/t -]
P e e Lann ] xo
——
Z—,—-’A—v'M —0
b 3 <} <
_\0.6 o iO B : u\\”\d
p 4 q———— f~n1
o e 50t
0.3 o[ ’
O oo, \r’\.
0 1 ' A| i__';’:__-_? o [ i i A yf— o 1 (] 1 -
12 24 36 48 72 12 24 36 48 72 12 24 36 48 72.
HOURS HOURS HOURS
<) © None
a oBiotin 2 V1
. ® Biotin 5 V1
a aBiotin 10 V1

Fig 2. Effect of Biotin Concentration on the Cell Growth, L-glutamic acid Yield
and Residual Sugar by Brevibacterium flavum
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/i 1.082 714 RIiF s9z L-GA &R
57/ml Qv 28.4mg/mil 7} 747 BEFSIH o ol
9 g 4. 9% ATk

7 e AT BRE Fig 309 AFHEE

107/199 1.16, L-GA &

/ml 24 7t7 REF t3 2™

S/l 4w 29.2mg
ol#j o] EHEX 4.9

@ Growth factor 2 Desthiobiotin ke &%
B, L-GA 4kt mppEe]l st
Desthiobiotin J2ES 2r/I, 57/1, 10y/1¢+ F3

% B Th,
® Growth factor & 7.8-Diaminopelargonic acid

R 4FE, L-GA £ BEY gt

el e}
0.9} 30} 100t
/‘-ﬂﬁ—.
3 e
Ny SRR
" = n
0.61 t 20¢ / s \
— Lo » ﬂ——"‘*—\,'_“
© / g e s Tt
> v ~ 50t
= u_”__n__d—n———-o——#-aé &
0.3} 1o { \
a
- —o—jpo g\#f\‘
O.._L__L__l___l__/".._..lo . ) nux-O " MEPYSEN
12 24 36 48 72 12 24 36 48 72 12 24 36 48 72
HOURS HOURS HOURS
o O None
n 0Desthiobiotin 2 ¥1
® ® Desthiobiotin 5 ¥1
N ADesthiobiotin 10 ¥1
Fig 3. Effect of Desthiobiotin Concentration on the Cell Growth, L-glutamic acid Yield
and Residual Sugar by Brevibacterium flavum
L2y — e 30} toof
a—/fq
/ e
08¢ 20r 8
o £ :
o o____e/\“‘#*’ 8 ”‘\f~ 50p &
~ Z / a—p8 79
C / ’\
0.4t 10f
~
o n 1 | e pd o A 2. 2 St o — 1 Y ‘¥/_
12 24 % 48 72 12 24 36 48 72 12 24 36 48 72.
HOURS HOURS HOURS
o 07,8-Diaminopelargonic acid 10 V1
o ©87,8-Diaminopelargonic acid 50 71
. ®7,8-Diaminopelargonic acid 100 ¥1
A &7,8-Diaminopelargonic acid 200 ¥1

Fig 4. Effect of 7, 8-Diaminopelargonic acid Concentration on the Cell Growth, L-glutamic
acid Yield and Residual Sugar by Brevibacterium flavum
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7. 8-Diaminopelargonic acid 107/, 507/1, 100
7/l 2007/l 5 {HHE ERE Fig. 40w 4£FE
X 200r/14) 1.15% A3 mpiF stdx, L-GA

om o]H] B 16. 7%,
@ Growth factor & Bisnorbiotin (i fi}2] EFE
L-GA #4pts) 7 #ik

e 10y/l1 99 23.0mg/ml 2 7}4 RIEF 35 Bisnorbiotin 57/1, 107/l, 507/1, 100y/! & {#
0.06 L 6t 100}
'i ;':K:M e
O oot @ s P‘\:;lfa g“‘%
004F TTo——i—t=Eat S
—~ :7‘0‘—""'“ I ~
o L L
- 3 50
Q.02f i
L
O " s 1 - Sy O A —a a 'I'l O —— A fp
12 24 36 48 72 12 24 36 48 T2 12 24 36 48 72
HOURS HOURS HOURS
o o Bisnorbiotin 5 V1
a o Bisnorbiotin 10 Y1
L4 ®Bisnorbiotin 50 V1
A

a Bisnorbiotin 100 ¥1

Fig 5. Effect of Bisnorbiotin Concentration on the Cell Growth, L-glutamic acid Yield
and Residual Sugar by Brevibacterium flavum

& #5RE Fig. 509 Fig 2, 3014 nojE 33
o} k) SR} A9 —% e =3 Bisn-
orbiotin o] EEFe] W Wt A 99y AL
o Bisnorbiotin & AREEHEA GERes 4
A5,

2. REEOZ Glucose-Acetate Botiny B
Bo| £HES L-GA £kel #{t

Carbon source 2 acetate & {#iff] @ o]+ comn
steep liquor 7} MZARFE* fEfste A4 C.S.L
(corn steep liquor)o] gl o™= EIEMEo] A< ==
%=t

. 0] 8% C.S.L ¢ Reducing sugar 9| 3tgko]
6.8% Ax FfElel vl WEYL Aoz Hop4
HEHBANALE glucose Z 0.1, 0.5, 1, 2% 4&

07 o] A glucose-acetate BAIME A
9,

=% C.S.L& HRsA & 7t4 & Hifs
Biotin free 5 g st ERH & KBRS
A,

@) glucose Fiuo) A T A& EH 2 3t

Biotin vitamer 8] % %= Biotin 57//, Desthiobiotin’

5y/1, 7.8-Diaminopelargonic acid 207/ & Ht3hgl

2w Bisnorbiotin & ] W @t AY ¢l

A7) el 57/l % fERs o

@ Glucose 0.19%-acetate {B& 5 AR %£H
B} L-GA 450 #(L

0.3 . 5
o S thg
S
—
— —~
T P~ru
0.2 g4 /

- > —y
[=3 z /\-,;_A
——A ~ g
2 ’ R cs ﬁ/‘é/,,djl‘::

Q. 2
= !
o — [+} Ayps
12 24 36 48 72 12 24 3 48 72
HOURS HOURS
° o None
u o Biotin 5 ¥1
-— ® Desthiobiotin 5 71
a a7, 3-daninopelargoni¢ acid 20 bt
« * Bisnoroiotin 5 7N

Fig 6. Effect of various Biotin Vitamers on
the Cell Growth and L-glutamic acid
Yield by Brevibacterium flavum in
0.19% Glucose Acetate mixed Medium
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glucose Q.19 -acetate IR 30l A B5BAR £
B Fig. 60|n] 4:HFES L-GA 452 Biotin o
A £#% 0.296, 2.98mg/ml 2 LA faiFstd et
Bisnorbiotin & 73 7 ¥ipsh A ] sk,
@ Glucose 0.59% -acetate JR¢rigiy (dinse] 4&H
Kol L-GA 49 #Mt

o.r Gl‘ /’:é/ﬂéﬁ.
} r /
PSR, ! )
=== \ =4
0.4t / at /‘/A
Vi - H 3
° % et g ! E
< g T <k G et S
2 z =
[
0.2 2r
!
|
r
o Pt 12
ol T <]
12 24 36 48 72 12 24 38 48 72
HOURS HOURS
°
e
.
a
x———vZisnorbistin

Fig 7. Effect of various Biotin Vitamers on
the Cell Growth and L-glutamic acid
Yield by Brevibacierium flavum in 0.5
% Glucose Acetate mixed Medium

Glucose (. 5% -acetate B4 Eshol A E2A 7 #

B Fig. 70l9 AFHEE 7.8-Diaminopelargonic

Cacid o] A 0.4800.2. 714 BiFsdos L-GA 4

B8 Desthiobiotin o] 4] 6. 28mg/ml 2 7}73 R
BH5ieh,

Bisnorbiotin & 37} ¥l A9 A —%

0.8
T e,
06 :ég Se—r s ~
- z
o ®
S04 /"—o—mﬂ :
- R z
u/ ~
0.2
o e et
o] T
12 24 36 48 72
HOURS
o~———oNane
o——.pBiotin 5 Y1
8——Desthiobiotin 5 Y1
a~——a7 8 Diaminopelargonic acid 20 ¥1
*——&Bisnorbiotin 5 Vi

Fig 8. Effect of various Biotin Vitamers on
the Cell Growth and L-glutamic acid
Yield by Brevibacterium favum in 1%
Glucose Acetate mixed Medium

o),
® Glucose 1% -acetate B5HM (HIRFS] £HFE
Sh L-GA A9 #L
Glucose 1% -acetate {B&izio] A BEA 7 R
L Fig. 8¢0]® Desthiobiotin o 4] #4:FJE, L-GA
RS %% 0.625, 8.53mg/ml 2 743 RAFEY
o™ Bisnorbiotin -& FA 7} el AL AY
—Hshgleh.
@ Glucose 2% -acetate B 1ol A B 4
#IES L-GA Ae] it

o8f e el
AL s fogis
/ : ! <
» !
osk % Eld
° : /:/
~ »
o4 Z 6" /
- = R
g
0.2 3‘[’ ;>~<$::>—<L:';,
[EES s = |
0 — ol —
12 24 36 48 72 12 24 36 48 72
HOURS HCURS
° © None
a aBiotin 5 ¥y
. » Lesthiobiotin 5 Y1
a A 7,8-Diaminopelargonic acid 20 #1
x = Bisnorblotin 5 WL

Fig 9. Effect of various Biotin Vitamers on
the Cell growth and L-glutamic acid
Yield by Brevibacterium flavum in 2%
Glucose Medium

Glucose 2% -acetate R4 o) Al 5EEAZ] #HF
+ Fig. 9o|® AHE: Biotino] A 0.821% 74
pifste o vl L-GA 4R -& 7. 8-Diaminopelargonic
acid 7} 11 Img/ml = 73 RiFeheh

Bisnorbiotin & A7} B9 A5 A —F
e

Carbon source 24 glucose & {FHE fEEREY
L-GA #:go] V2 HkE: Biotin 7 Tsunoda
asmsso] feRS FERERT & BES A
5}93 5 Initial acetate & BE7} KBEQH  H3
o] feeding B¢ wol (ff &g AEd Hex
7b5 "

3. REFo=E SBAEHLENE #R
£HES L-GA &K

Aol A @A AHELAHE  Methanol,
Ethanol, Ethylacetate, Acetic acid(free acetate),
Na-acetate : NH,-acetate=2 : 14£9] t}Xrs}= #t:
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HY &% glucose 2% 5 A BAHME
skl 4847 Higtkel 4£EES L-GA £

£ B REdsaleh,
2 #FE Table 49} 72t}

Table 4. Effect of Various Biotin vitamers in Glucose 2% and Various Substrates Medium

Substrates Methanol Ethanol Ethylacetate Acetic acid : NHa" Acetate
| | ' Na

N AnalSS gl [LGA [ Cell- | L-GA | Cell-A [ LG Cell- |T-GA | Cell- |L-GA

Bioti ! Growth| yield | Growth| yield |Growth | Ayield | Growth | Ayield | Growth | yield

kVIitamers ‘ (0.D.) ((mg/ml) | (0.D.) [(mg/ml) | (0.D.) (mg/ml)| (O.D.) |(mg/ml) i (0.D. ) \(mg/mi)
None | 0030 39 003 41 o00% 48 003 49 o 041J 5.0
Biotin [ 0.043 5.2 0184 54 0204 68 045 9.2 058 112
*DTB 0.044 5.1 0.160 5.9 0.281 67 0431 94 0508 10.9
*7.8-DAPA | 0.039| 54 0148 58 0.295 69 0493 10.00 0.519 114
“BNB | 0030 3.9 0.0 42 004 47 0042 48 0042 49

1. Biotin (57/1)
3. 7.8-Diamino pelargonic acid (20y/0)

o] #B A£EE L-GA &KL Na-acetate :
‘NH,-acetate=2 : 1>> Acetic acid (free acetate)>
Ethylacetate>> Ethanol>> Methanol 9} %2 & 1}l
Wt

AEHol A Methanol & E{brl A9 fdge
Ethanol 8] #{k7} A Kanazaki®9o] #
#3 RS —FEA

Bisnorbiotin -& H#{L&4 EHid] A = glucose,
_glucose-acetate JRA BT MRS ol FHA B
1) g Ao —FsHsch

LA L9 &% Bisnorbiotin & growth factor 4]
L-GA Brigol A BIEEHRERRZT A9 Q58 €%
12

V. E #

1) ¥EF o 2A glucose medium o A} Brevibac-
terium flavum & #3239 Biotin 57/l Desthio-
biotin 5y/{, 7.8-Diaminopelargonic acid 10y/I ol
A L-GA %ol 74 RIS

2) BEFEo 2A glucose-acetate EAEHE 4
Eostd #HFAT R 4E£FE, L-GALRS
glucose 29 -acetate |7 744 RiFsIE o},

3) HEEFo 24 Methanol, Ethanol, Ethylac-
.etate, Acetic acid(free acetate), Na-acetate :
NH,-acetate=2: 18] E#E HHI HE Na-
_acetate : NH,-acetate=2 : 1> Acetic acid (free
.acetate) > Ethylacetate>> Ethanol>™> Methanol 2]
-0z L-GA iRl vebxdrl,

4) £R{E#EHZ 4% Biotin vitamer & A7}

2. Desthiobiotin (57/1)
4. Bisnorbiotin (5y/1)

B2 RFEWR L 2 glucose i Acetate BiHS
SREd EkH L BET  Biotin o] #sle] De-
sthiobiotin -2 o} 2 &, 7.8-Diaminopelargonic
acid &= 3~4f% $ov] Bisnorbiotin & REHPE}
At
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