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Abstract

Culture conditions for the fermentative production of r-isoleucine from DL-a-
bromobutyric acid (BB) were studied. y ‘

1) Isoleucine-producing strains were preserved by lyophilization, oil sealing,
deep freezing, and periodic transfer. No difference in the isoleucine-producing ability
was observed among the strains preserved by thesé different methods. 2) Media for
seed culture were studied and the proper concentration of BB was as follows: Seed |
culture (BB 0%) — Seed culture (BB 1.6%) — Producing culture (BB 3.2%), 3) An
isoleucine yield of around 14 gl was achieved when the growth of the seed culture
was 1/3~1/2 of the maximum growth. 4) Foam was generated vigorously during
fermentation. The addition of large amounts of antifoam agent inhibited cell growth,
so chemical and mechanical defoamers were studied. 5) Scale-up of fermenters was
carried out as follows:

(1) The oxygen transfer rate of each fermenter was measured.

(2) The condition of aeration and agitation was studied in a 51/ jar fermenter,

the optimum condition was 1.2 x 10-8g mole Oz/l-min of oxygen transfer rate.

(3) The culture condition was scaled-up to 100/ and 600! tanks based on the

oxygen transfer rate, and isoleucine was formed in good yield.
6) Fifty per cent yield of isoleucine crystals was obtained from the culture broth. The
crystals satisfied the standards set for food additives with respect to specific rotational
rate, content, and weight loss in drying. : -
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Table 1. Composition of culture media.

O €1 GO G2
Cane molasses (g/l) 50 100 '
Glucose 50 100
pr-a-Bromobutyric acid 16 32 16 32
Corn steep liquor 10 10 10 10
Proflo 5 5 5 5
Urea o 8 8 9 9
CaClz-2H,O - ' 1
MgSO,-7H:0 0.5 0.5
Biotin (ug/l) , 30 30
Thiamine (ug/l) ' 500 500
pH 7.07.0 7.5 7.5

Media CO and GO were used as seed media for
producing media Cl and G2, respectively.
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TRV, BBEOB/LEEE 0.IN F 3 mEyY —4&
B CRE L TR .

RBRERHEIUER

A4vnA o EERORE  HEYE, MARBHE
WX DEEDPHY, EERSBETIT 263450 T

Table 2. Formation of isoleucine by Brevibacterium roseum ATCC 13825 preserved

by various methods.

Growth Isoleucine formed
preservation (ODssnm) (&) B
for 4 months 3 days 4days 5 days 3 days 4 days 5 days
Lyophilization® 40 43 40 11.3 12.8 12.3
QOil sealing® 48 47 44 11.4 12.7 11.7 =
Freezing® 34 39 36 12.8 12.8 13.8
Periodic transferd - 45 - 50 45 12.8 13.8  13.6

The bacterial strain was cultured at 30°C in 500ml shaking flasks containing 50ml of
Medium C1. Growth was assayed by reading the optical density at 660 nm.

a) The organism was lyophilized in a medium containing 10% of defatted milk, 5% of

sucrose, and 1% of Na-glutamate, and was kept at 10°C. Distilled water was used for

rehydration.

“b) The organism, grown on bouillon agar (1%, of meat extract, 1%, of peptone, 0.3% of NaCl,
2%, of agar, pH 7.0) was covered with liquid paraffin to a depth of 1cm, and was kept at

10°C.

¢) The organism, grown on bouillon agar, was kept at —15°C.,

d) Bouillon agar medium was used.
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BEZ 12 (6%) tLcbDr43TCHONTE ). ©
D COEHEREAL LT, BikE#IEMmD BB @EFicH
WTBE Lie. 71 a vERPE 282 —H4EE
BUTHKRIRO 7 5 2 ah CIRBER GEER) L

Fams (a)
-/
Vv

Sugar (%), pH, Growth X10™ (0DggOnm)

Specific growth rate X10 (hr™')

40

(b) e
__________ — 18 &
15 N\\_—’,“ g
= 3
g8 16>
- °
§|o‘- =
) 414 £
- 3
3 8
25t .
; 12 %
]
@
3 i 1 1 i 1 o
2 0 20 4 60 80 100 -

Culture time (hr)

[(b) (<) [

P - | e

s L~
/

Sugar (%), pH, Growth X 107 (0 Dggonm)

] 2 &0 ] 20 40 [ 20 40
Culture time (bhr )

Fig. 1. Growth of Brevibacterium roseum in various
transfers.

Brevibacterium roseum ATCC 13825 was cultured
in 500 ml shaking flasks containing 50 ml of
medium as seed cultures, and was inoculated to
31 jar fermenters (inoculum size 5%) containing
31 of medium as a preculture. For a basal
medium, Medium CO was used. Culture con-
ditions for the jar fermenter were as follows:
temperature, 30°C; inner pressure, 0.6Kg/cm?G;
air flow rate, 3.46//min; agitation speed, 250rpm.
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Fig. 2. Effect of age of preculture on isoleucine production.
The bacterial strain was precultured in a 5/ Jjar fermenter containing 3/ of Medium GO
(a), and was inoculated to a 5/ jar fermenter (inoculum size 5%) containing Medium CI as

the production culture at different phases {(b)~(d)}.

OD at 660 nm.

Growth was assayed by reading the

—(O—: Isoleucine, —@—: Sugar, —A—: Growth, — —: PH, ——: Specific growth rate
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FdDE, 5l Yy —7 7= 2 V2 —ir 5% L TH
EBEfT-7.. BB0% Tid, HOEBIRXDLHT
BIFTH-7cd3, pH OXEIAXL, BB1.6% T
13, FEEEED BB BRE (0%, 1.6%) ICEERICER
DEEEZE AR LTzo BB3.2% TIREDEBRI NS
bmElZh, pH Mgk ic LR L7 (Fig. 1). B
TEHELLZEL, BB tLA3HORBHESIREIC
OB OEMINZC &, HEEBDE SO pH &1L,
HOMEEZERT 5L, BIkE#IE BB 1.6% @M<
brrtEZONS. PrDcricky, BB ApifE
B 0%, BUKEE:1.6%, AE#%:3.2%& L1
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Fig. 3. Effect of anti-foam agents on defoaming.
The four day-old culture broth of a culture
used for isoleucine formation with various defoa-
ming agents was aerated in a 5/ jar fermenter at
30°C (inner pressure: 0.6 Kg/cm2G, agitation
speed: 250rpm). Height of foam was measured
at various aeration rates.
—@—: No addition,
—A—: Adekanol LG-51* 003339,
—(O—: Adekanol LG-51* 0.19,,
—A—: Adekanol LG-703* 0.0677%,
* Purchased from Asahi Denka Co., Ltd.
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Fig. 4. Mechanical foam breakers.
(a) Four blade turbine
(d) Two blade turbine (pitched blade)
Mechanical defoamer (a) or (b) was used in a 5/
jar fermenter as shown in Fig. 5. :
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Fig. 5. Effect of foam breakers on defoaming of the
culture broth of Brevibacterium roseum ATCC 13825
in Medium Cl.

A four day-old culture broth was aerated in a
51 jar fermenter at 30°C (inner pressure: 0.6Kg/
cm?G, agitation 250 rpm).

Foam breakers* 1., L.
. —_— —_— —
A (a) x1 90 —
A (b) x 2 70 90
O (b) x1 90 —
x (b) X2 60 60

L: Distance between foam breakers and
liquid surface in nm.

* Type {(a) or (b) shown in Fig. 4}
and number of foam breakers.
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2 (50ml fHA%) iCSHFIZE 1 BHM L CRESRET
BOBRE L. ZORSR, KT, 55— F44 Vi3l
BEIRODIL, 7TFH — v LG-51 (JBEALGE),
A A VRREERH) BEMTH-7. LbL, 7
7h/ = LG-51 i3, HEEOPHICERICINZ B &
BOEBAZBEE LK. Cl HBHERNT 51 Vyp—7

T X VA —TEREGTIL R, HAABICTF
#1/ = LG-51 0.008% AL 7k, 90 B
BETHIAE 40~60 (OD), {1 v uf vy 12~14g/l
ELI UL, HLABEIC 0.04% Hlnd 3 &,
S0B5RT D B B CHAKE 23 (OD), 1 v o4 v v 6.3g/l
LT ELdpote. X5, EEETHRE S Vv —th
THEIWAEL, ChicBRRAEZENLTEL2ROE
S SHEEROSREF~7 (Fig. 3). 757H/ -
LG 703 (JHEAL(K), B4 4 v REEHER) 12, 7
FHh/ = LG-51 LD XSIcESTH- 7.

(2) BWMHEE EBETHERE 51V —thTER
WL, Fig. 4 1ORIEEE (@) 2213 (b) 200 T,
HRROPRAETE /- (Fig. 5). TE L CHETES
HOFEXT 13~14em DT THY, COBEIICHE
TEEZETHEHOMELEE L. (b) OfER
0% (a) OWREIEHTHD, BiIZ1BID S 2
BROBHBEHTH 7. BB~ XS, BE
BEEEEEBICRy — VT v RO T, WE
LN E 3 BSRETI 32 LTy,
FEEEDILLTELENTX 3.

RES /DR —NWT7 v T R =T v D
ERE LT, BRBHEYT (ERRY - 55 2HL
T Yy =7 57— X V2 —TRHEEGFED, X5
100/ 27, 600l 2 vy iczx—4ry o7 UCRRE
DWENE ST,

L BEES Y ) OREBEIEE 37T 5/ Vv —7
7= X VR -OREBREHEELAE L. ERE B
HREEZ THIE LR (Fig. 6), BEBEIERII,
BWRED 0.34 FiCHH L, MAEKD 2.9 FicHH LI
1007 3 X018 6001 2 ¥ 7 ico T,  BRCHi% L7co.

@ AVl vy Y ERCRZIBREBEFOLE
BEDBEZRERZELE KD B1D, S5l DY -7 5
—A VAT, BEBHEELLIT BEE—E:
3.46l[min) EEAFTIEL, 1. 16 X10-3g-mole/l-min £}
WAV o4 v ERICFETHD, BEBE®ED
RIEBEA Y v v VY ERDET Uiz (B. ammonia-
genes TAM 1641 fEF, Fig. 7). #ki® 513, Bacillus
subtilis ZFANG a7 3 /BBIODA VoL v v
BIZENT Yy—77-2vg—%BnT Ki=

3~8x 108 (g'mole Oz/ml-min-atm) D T4 ¥ o 4
VY OEENBRIITEbh B EE28E LT E.
CDRONEE 0.6 Kg/em?/G L {REdHiZ, BER
B#RFIT 1.0~2.7x10% g.mole/i‘min {73 1), ABF
ROBRIGENMETH 5.
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Fig. 6. Oxygen transfer rate in a 5/ jar fermenter.
The oxygen transfer rate was measured by
the sodium sulfite method.

Air flow rate (//min): —QO— 1.15,
—@— 172, —A— 346, —A— 5.2,
—[}— 10.15.
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Fig. 7. The effect of oxygen transfer rate on

isoleucine formation.

Brevibacterium ammoniagenes TAM 1641 was
cultured in a 5/ jar fermenter at 30°C for
87 hr at various agitation speeds (inner pres-
sure: 0.6Kg/cm?G, air flow rate: 3.46//min).
Growth was assayed by reading the optical
density at 660 nm.

~—~(~—: Isoleucine, —A—: Growth
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G 4ves vy rERCRIZTELSE EBEROY
¥ BEBEEE ¢ (1.16 1073 g.mole/lmin) <
CESERB LU RAEE DO AT GESE 346 Umin,
PR 250 rpm 5 X 5B S E 0.6 //min, k% 300 rpm),
SNYy =75 —A VR~ TREEELFIL-7:. Fig.8 (T
RITEL, MEMTEBED SN, Likcss-T,
4ol v ERICHLTR, COBECRESE,
RABORENL, BEBHERREDO Ry — 1T
v FPIEREIE C AR LT 3.
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AV E =ik} B BEER R 1.16 X 10-3g.mole
[lmin 2FHL LT, 1000 2 Yy it 2 =T 9 7L
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Fig. 8. Effect of agitation speed and aeration rate
on isoleucine formation at a constant oxygen
transfer rate.

(a) air flow rate 3.46!/min, agitation speed 250

rpm, .

(b) air flow rate 0.6//min, agitation speed 300
rpm.

Brevibacterium ammoniagenes ATCC 6871 was
cultured in a 5/ jar fermenter at 30°C. Oxygen
transfer rates in both (a) and (b) were the same
value: 1.16 X 10-3(g molef/l'min). Growth was
measured by reading the optical density at
660 nm.

—(Q—: Isoleucine,

—A—: Growth,

—@—: Sugar,
———: pH

139g/l D4 v as oy KL (Fig. 9). -
TNA—~ R REFET S Medium G2 % T 72
KRR TIZ 1658/l Tho-7. DTFhOEHICE N
T, SV~ 7 =22 —TOIREKSE 100l 2
7 TCHBRTICLNTEI. X5z, Medium Cl %
HOT 6000 2 v 7 itk 5 B:8% 715 -1-. BEE
300 //min, #$L%r 205 rpm, FEF 0.6 kg/cm2G (BE%E
BB 1.16 X 1073 g.mole/l-min) D&M CE1RRTE:
BL, 43¢/l D4 v a4 v v2ER L (Fig. 10).
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Fig. 9. Formation of isoleucine in a 100/ tank
(Medium C1).

Brevibacterium roseun ATCC 13825 was cultured

in a 100/ tank at 30°C (inner pressure: 0.6 Kg/

cm®G, air flow rate: 40//min, agitation speed:

233 rpm). Growth was assayed by reading the
optical density at 660 nm.

—(QO—: Isoleucine, —@—: Sugar,

—A—:, Growth ———: pH.

~ Py ®
PH, Growth X 10~ (0Dgg0nm)

L
N

Q

20 40 60 80 100
Culture time (hr)

Isoleucine (g/1), Sugar (%)

Fig. 10. Formation of isoleucine in a 600! tank
(Medium C1). Brevibacterium rossum ATCC 13825
was cultured in a 600/ tank at 30°C (inner
pressure: 0.6 Kg/cm?2G, air flow rate 300//min,
agitation speed: 205 rpm). Growth was mea-
sured by reading the optical density at 660 nm.

—(QO—: Isoleucine, —@—: Sugar
—A—: Growth, ———: pH
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L7100l 20,600l 2 ol r—nT v C'i"ure broth (49¢)
i Centrifuged by Sharples centrifuge
THCTL ‘ijzyj %2 . B ’ ) Supernatant  (36/)
&) 4vuesLy YO 9, EEBEO T2 I Charged on Dowex SOWx8 (H*)column (bed volume: 18 ¢ )
/8%, T73/BEEMTE (Technicon #, auto- Eluted with 5% NH4OH (45 )
- . Concentrated to t /£ /
analyser 7 X /BT v 1) itk D U S~ (Table ‘ Added 20/ of mefh:n:lawa
3. TI/BOKBIZIA VAL VTH 203, fhic C'rude' precipitate (424 g)
TI3=V, Y0y, ), ) vEoior I/ B .Cr'ude isoleucine (40 g) Czlde isoleucine (40g)
bBD LN OFICEBHKIOA YA DL M | Dissolved inwater (1£) Dissolved in 1.7 N HCI (150mi )
P o . PR L e b Stirred with active carbon Stirred with active carbon (15g)
%ﬂ'fé. -7:.1000 2 vy i%ik:;: aE= bhf»%i&%, {45g) for 30 min and filtered for 30 min and filtered
Fig. 11 leﬁ‘?‘ﬁ’f’HCJﬁ D *ﬁﬁ L: Avafy 70)% through filter paper through filter paper
&%%7&. i%%?& 49} % Yy — > Vxﬁ:bﬁ}%%"fﬁ Filtrate Filtrate
Concentrated to 50 ml /n vocuo Neutralized to pH 6 with NH,OH
DEEL, Z 0D LE&W%E Dowex 50 W x8(H*) # 5 Added 50 mi of methanol
Isoteucine crystal
LAGELTA YV o, Y/ ARESE, TYE=TKT ist 11.6 g (B-1)
W, BREFIOA 2 —AERMLTA Y ad v o esoeiE
. e . U Ist isoleucine crystal ( A-1) Supernatant
/Q*ﬂ%% 4‘24'8 %%k (..tfé?&i D 0342&_67-%)' (20.7q) Concentrated /n vocuo
C@ﬁ%% 40g %7}(“)‘ 'y, "IU&'@ E%EEE b’ 1 ﬁ{ Added methanol
R (A1) 2078, 2058 (A-2) 1.0g 287 %1 o e el (4-21

A& 40g 2EBERBBEIC X > THEKEL, 1k Fig. 11. Isolation of isoleucine from culture broth.

Table 3.  Amino acid composition of culture fluid.

Amino acid Concentration (g/l) Amino acid Concentration (g/l)
Isoleucine 13.73 Argine 0.00 -
Alanine 1.33 Aspartic acid 0.00
Lysine 1.19 Cystine 0.00
Valine 0.42 Cysteine 0.00
Proline 0.29 Leucine 0.00
Histidine 0.19 Methionine 0.00
Threonine 0.09 Serine 0.00
Glutamic acid 0.04 Tryptophan 0.00
Glycine 0.04 Tyrosine - 0.00
Phenylalanine 0.02
The bacterial strain was cultured at 30°C for 94 hr in a 51 jar fermenter containing 3/ of
Medium Cl.
Table 4. Analyses of isoleucine.
" oo - .
Amino az:é/d) analysis [a]® Contene  Weight loss
Sample J on drying
Heu Leu Lys (C=%6NHC) (o, (%)
Japanese standards for v °
food additives (1968) +38~+41°  >98.5  <0.02
Authentic sample 102 0.0 0.0 +40.6° 99.8 0.07
Crude isoleucine 65 0.5 1.5 94.5 1.10
A-1 96 0.7 0.8 +38.9° 101.0 0.11
A-2 +35.8° 100.6 0.47
B-1 94 0.7 0.7 +36.9° 95.7 0.41
B-2 +39.2° 100.9 0.07

* Ileu: isoleucine, Leu: leucine; Lys: lysine,
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& (B-1) 11.6g, 2#58 (B-2) 5.0g %87, ¢h
SDA v sy EREMT UR%A Table 4 1057
T TRbb, T/ BROBBSITETE - R,
R, A-L B-l obFhbud vy, VY ovng
&n'ciso, FIHMBRBEECLEREL A-1,B-1 &
BICKB % Th - 1. X SICARFTIMIOBRD ICHE
2T, HEXE, %E(ﬁﬁﬁ@miéﬁﬁ%%ﬁ
BREERE U, A-1 35 XU B-2 sHkIcEA L.
153, A-1 OMRER LD DREIZT6%THY, LEBK
LU DERINKIISL % TH 7. YULOREEID, B
BEPICHER LI SOV -4 v ul vy THBE T L
DR S,
B, BINEKTHET 5 TEOMREO TR R LT
3.

L3 #

pDL-a-7 1 AEKEE (BB) LZRIEEIE 9251V
YVBEBICEONT, ERRGOBRM AT 1.
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