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Studies on the Industrial Production of Bialaphos —Monograph—

Hipent Takesg,! Osamu Hiruta,! Atsuyuki Saton,! Hirosni Kartaoka,? and Hipeo Tanaka?
(Pharmaceutical Technology Laboratories, Meiji Seika., Ltd., 788 Kayama, Odawara, Kanagawa 250" and
Institute of Applied Biochemistry, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305%) Seibutsu-
kogaku 73: 413-424, 1995.

A breeding study was performed from the viewpoint of biochemical engineering to obtain strains
of microorganisms which produce bialaphos (a herbicide) efficiently (high productivity and high yield)
from inexpensive substrates under low oxygen concentration conditions, with good filtration efficiency
and easy downstream treatment. The strain obtained was found to produce about six-hundred times
higher product concentration than the wild strain. With this new strain, it was also possible to use an
inexpensive carbon source and to produce bialaphos under low oxygen concentration conditions, with
good filtration efficiency. The activities of the tricarboxylic acid cycle enzymes of the new strain were
lower than those of the wild strain, while the activities of the glyoxylic acid cycle enzymes of the new
strain were higher than those of the wild strain. When the scale-up was based on power consumption
(for agitation) per unit volume of the reactor, bialaphos production in the 300 kI fermentor was 50%
of that obtained with the 3/ jar fermentor. When the scale-up was based on the DO concentration
and the DO concentration at the middle of the 300 kl fermentor was controlled at 0.5 ppm (optimum
DO concentration for bialaphos production in the 3 / fermentor), bialaphos production was increased
to 859 of that obtained with the 3/ jar fermentor. Taking the DO concentration gradient in the
300 kl fermentor into consideration, the DO concentration at the bottom of the fermentor was main-
tained at 0.5 ppm. This resulted in a successful scale-up and bialaphos production increased to 96%
of the maximum production in the 3/ jar fermentor. In bialaphos fermentation, production of
bialaphos is greatly reduced when the partial pressure of oxygen is increased. Methylation at the
final step of the biosynthetic process of bialaphos was not induced under high partial pressure,
resulting in a low bialaphos concentration due to the accumulation of the demethylated derivatives.

[Key words: bialaphos, herbicide, microorganim metabolite, breeding, industrial produc-
tion, TCA enzyme activity, oxygen supply, scale-up, DO concentration gradient]
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Fig. 1. Time course of bialaphos fermentation by the
wild strain in P-1 medium with glycerol. Symbols:
® , bialaphos; A, AMPB; ¢, pH; O, dry cell weight;
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Fig. 2. Typical inhibition zones of low (left) and high
(right) productive strains.
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Fig. 4. Comparison of the wild strain with the im-
proved strain with respect to filtration rate in P-1
medium with glucose. Symbols: O, dry cell
weight; ®, filtration rate.
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Table 1.
biochemical engineering viewpoint.?

Properties of a strain improved from the

Property s\g:\];ll High S}i:giiucuve
(527-1)
Relative product concentration 1 500~600
Carbon source Glycerol Glucose
Oxygen supply (kL a) 200h! 50~100h™!
Filtration 20 I/h/m? 410 I/h/m?

2 A 600/ tank using commercially available natural
organic substances.
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Fig. 5. Bialaphos production in various fermentors at
constant kja and power consumption per unit
volume (P/V). Symbols: O, 3! (750 rpm, kra=
135h7%); &, 2kl (200 rpm, ki e=135h"}, P/V=
2.5kW/kl); A, 10kl (170 rpm, P,/V=2.5kW/kl);
®, 300kl (95rpm, P/V=25kW/kl). ka was
determined by the static gassing-out methods. The
amounts of bialaphos produced were expressed as
percentage of the value obtained in 3 [ jar fermentor.
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Fig. 6. Schematic flow diagram of the pressurized fer-
mentation system. (A) Cyclic pressurized culture,
and (B) constant pressurized culture.
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Fig. 7. Effect of pressure on bialaphos production.
Symbols: ®, non-pressurized culture (1,013 HPa);
A, cyclic pressurized culture (1,013~1,994 HPa);
™, constant pressurized culture (1,503.5 HPa).
The amounts of bialaphos produced were expressed
as percentage of the value obtained in 3/ jar
fermentor at 1,013 HPa.

% 1,994 HPa OMET CHME LcMERZRLR U
EOEXBRELL BRELFTESR). ToR,
EXR 7 ABLINERR L FBREEY, FBEELE
ERELNEREEIN TR FRESTLALLET 5&
AEERYIR LI (Table 2). T7bb, BUBRES
EDOTFTTRET 7 ADEEEIMRENCBERL L,
BUTH-7.

Table 2. Effect of O, partial pressure on bialaphos
productivity.
Inlet gas (/min)  Total O, partial  Relative
———————— pressure  pressure productivity
air N, O, (HPa) (atm) %)
20 — — 1,994 0.42 53
1.0 1.0 - 1,994 0.21 105
1.5 — 0.5 1,013 0.408 56
20 — - 1,013 0.21 100

The amounts of bialaphos produced were expressed as
percentage of the value obtained when air was used for
aeration at 1,013 HPa.

obtained in 3/ jar fermentor when the DO concen-
tration was controlled at 0.5 ppm.

DT ENS, EHEDOLDIL, €7 5 ALEHR
EwBEYRITEZ W EBELrE o, —h,
BESEIELLLECT S HAAXAELTEY, €75
R ALEXBELCW-2RERTRIBFMERETH
BT ENBELMEL T,

BERBTAOKE BRCTHELTELT M
DRFLLTL, BRERBAADEE N EL LIS,
2R LY R AY I 1 ODERBTRE LT AR
TUERESOUREES A% 90 1 DR TREA Licd
AThEnHE L CTREE Y ABLRERYER L.
733, pH OFE Y BT 5 fcdiER L, NaOH B
TpH65 CHB LY. chbORBy A BRI
BEERCHN, BHREREY ABREIL 6 ~20E5/WIC
bbb E7 I AREEQCIREIRbNIL) -
7o
Dbk Ebb, NEUREE & KB RBE TOXE
BROA—HOERHRBKEFEC L - TEHDLILEFR
FRENRETHHZ ENHLNETL ST,

3.3 E7S5RARMICK T IRBATHRERE
CHBEBREOBRECOVLTL, HREERY+—
=F ., 7 CHIEHT B L CEELM Y —ERE
B3I, BBRABRREERCOVWTIIRMEY AYE
ftEe, FLEREFRERTIERIAXEILIRL

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

1995% 555

€7 Ik AD TR E 419

—
(2}

12

Dissolved oxygen
concantration (ppm)
@

100 +
80 |

A

/
—0
/O

N
60 |- o

/o
e/g./, .

0 2 4. G 8 10
Culture time (d)

40 |

Relative bialaphos
concentration (%)

Fig. 9. Scale-up of bialaphos production on the basis of
DO concentration. Symbols: &, 3/ jar (DO=
0.5 ppm); O, 300 kI tank (P,/V=2.5kW/kl, without
DO control); ®, 300kl tank (DO=0.5 ppm). The
amounts of bialaphos produced were expressed as
percentage of the value obtained in 3/ jar fermentor
when the DO concentration was controlled at
0.5 ppm.

NENROKEYHEZ R, BRIT Fig. 8 RLE
B, €75 hARETRRTRRAREL4AELIAD
HEBERARY B b, BHEMFRREYE ROREHTAL
BFE L, TORAKEERY S 2 5B FREBE X 05
ppm THoTe. Fi, BEMRREE 0.25ppm LT T
Y7 S HRAEERISELITELE L.

3.4 BEBRREEZARIERLAI—AT v 7
INURBEOER TR ONCRAEEY 52 28548
EBE (0.5ppm) ¥ KEME 300k WEHIRAZ L%
Rt vk, BHEBEL v — ORMBEOF + )
Trv—= gL, 31w —7 5 AV E—T{L7.6ppm,
300kl T, PE 0.2kg/em? 2 FEF L v —E b
B> REOF LI KE»S 5m) THBHZ &
ERL 129ppm & L. FOERY Fig. 9rL
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@

. 10. Effect of DO concentration gradient on the
scale-up of bialaphos production. The left and right
broken lines represent the DO concentrations near
the liquid surface and near the bottom of the fer-
mentor, respectively. The shadowed portion shows
the reduction in product due to the DO concentra-
tion gradient in the fermentor. The amounts of
bialaphos produced were expressed as percentage of
the value obtained when the DO concentration was
controlled between 0.25 and 0.5 ppm.
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KT 5L, EROREEOHLIRSHS DO £ v
N EORKREEY S 2L b BFRFRREY &L
¥5Lh, 27O TEBRIMMOHLC/ N EEDORKEE
Y E: BB EREYELEAIVEFTHH &
DEHBATES.

CDEZREBROET S ALEOKRBECHAL
R, Tt 300k KB A b 212 DO &V
F—h BT, BEERY 0.5ppm CHE LB
iy, NNUEBORKEEROWR T CERTAZL
MRRE L 7o b TEAEOERLICHII LI (300K #
D v - LREMET, BHEBRFZREY 0.5ppm
CHELLEEE, Thih P BEEoRKEEED
85~90% & 80~85% Th ~7). DX 5i, BER
FEE B« 0BREEY 525 X 5 nHEw o
Wi, KEENTOKEAR L Y BRI D5HF
BFRBEOTH UL ERATHI LI TERNZ &N
P oY L XCR (o

4. ET7FRRESRICREFTERIREOEEY

BEBHICBRSEL2ELAL(LETELBEEOER
75 AaNOBESEXE L HFHRIL Fig. 11 I/RL
REBYHVERE L. BRSENYT 748 AL
PBELYRETIE X ER LIS, EORIC - LD
BESEOHEYZ T BRI, WA (0~24d),
HERT 2~4d) B I OEEERM 41~6d) DL h X
NOROBESEXYEL IR, WTRORHT
LHMESEXETIRD L, €7 5 FAOEBUIEK
ThaZ b, ¥LLoPMARTRIERVIGEEYT
RADERIIEAT S Z LA S, HIKE, WTho
B\ T, BROSEXBAIRELLET FHA
DEEIIMH I, 2O Enb, €7 5 cARE
B LTI NT oML &E L TEVBRSEX RS
EBEE LV ENgho.

4.1 TCA ¥4 7LIBERIHCRETERRBREOEK
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Fig. 11. Equipment for varying oxygen partial pres-

sure in shake-culture.

TCA +1 7 v OBRENE BRECKEETS
TCA Y1 7 VOBRER LBRIEL ORBKRY
Table 3 IZ/R Lo, {EAEF (24-15) T, BESE
EZCTHHEBEPALAERYE LTI b OBERER
DEFALILE - 7o Rbhis. BAEEK (527-1) #oD
413, Citrate synthase B\ Ic T X TORERFEE
3, WS AEEMYELTC, BEBMESET (0.21
atm) I H~EBEDE (0.105 atm) T TR AL
(AN

YA FNAEBYA 7 VOBERE.  TCA 44
IR LM, BESEXTTZ LHEHLEE
PR LT, BREHRERCEAL, BREIEY
BEOLIBEEESHIET L. CoBSELERCH
NRAEEKRTI HDBEE TH o7 (Table 4).

PEoz bhn, BEEKTIE, BETEXYTTS
L, TCA %A 7 v OBERH IEHLI NS L R,
7V A AT A 7 DOETHIBEELIND Z &2
Bohbicote. Thbdb, €7 5FRADEEROK
A% Fig. 12 WRLEKA, €7 FHADESRIE, 7
a—AhnbirAKr= ) —LEALE VEBEEREET C-P
BEEMEL, 7eF N CoA T X HEBMA MBS LT 5
= MEETTbhDY, REEKRTIBESEY
FTBE, TCA Y4 7 OB TFGHMEXHh, €735
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Table 3.

Effect of oxygen partial pressure on TCA cycle enzyme activities in strains 24-15 and 527-1.

Oxygen partial pressure

Strain Enzyme 0.10 atm 0.21 atm 0.42 atm
Growth Production Growth Production Growth  Production
phase phase phase phase phase phase
Citrate synthase 2.6 2.3 2.4 2.3 2.5 2.1
Aconitate hydratase 683 375 667 368 647 348
24-15 Isocitrate dehydrogenase 8.5 3.0 8.4 2.9 9.9 7.2
Malate dehydrogenase 25.1 34.2 24.4 34.3 22.4 35.9
(Relative productivity) (108) (100) (83)
Citrate synthase 1.1 0.8 1.1 0.8 0.9 0.7
Aconitate hydratase 350 108 405 134 448 192
527-1 Isocitrate dehydrogenase 2.2 1.1 2.6 1.3 3.2 1.6
Malate dehydrogenase 8.4 9.5 14.4 18.7 24.9 49.8
(Relative productivity) (720) (498) (186)

Enzyme activity: #gmol/min/mg protein.

Amount of bialaphos expressed in values relative to a culture by low producing strain 24-15 of ordinary partial

pressure of 0.21 atm (0.44 g//=100).

FADHEBE LD T wF L CoA RN E VAL
RBEHCFIHA IR D), €7 75 AERNEK
THLO LYW L. BERHERT, TCA¥1 2710
ETrHrBEMFH I N CBCRAEE Y~ TREY
WD\ TUY Bacillus subtilis BNVEETBHT7 £ b1 v X
V23-TF L7/ ) a— L EEORLT o =—LT 5
vA VDT I BERED I
HXhTkY, chboREWR-ThEr e v B
LSRR F= ) — A VERYEBEMICLT
WABRBET S RARBELIEL Tk b EEREL.
4.2 AFIMMERT v TICRETHRREREOLEY

=, /i]):/,

BHESETICRT 5T 7+ AEERPREEOE
BeowT REERIBBRESETTRET 7k
ALBEIIELLETTE. c0EBESET COAE
BBEOCRRYBPTH0, BBRIET THEYR
WL, TOEEARYT I /BT FI5A¥— Iy
FLERER, — DY 7 3 HhADT £ F 1k (MP-
102), fhd>—2i% AMPB (E7 5+ ADBT 7 = v X
i) OF 2 F Ak (MP-101) THDHZ LABALME
Hote. TOLPRTFAFAEKDET 5k AEEHF
ML EREL VWA b, BEBESET TILAF
AMMED AT o ZHWE XN TV B Z EATRE IR,

Table 4. Effect of oxygen partial pressure on glyoxylic acid cycle enzyme activities in strains 24-15 and 527-1.

Oxygen partial pressure

Strain Enzyme 0.10 atm 0.21 atm 0.42 atm
Growth Production Growth Production Growth Production
phase phase phase phase phase phase
Isocitrate lyase 3.8 3.8 3.3 3.6 1.2 1.2
24-15 Malate synthase 2190 2080 1960 1980 1810 1650
(Relative productivity) (108) (100) (83)
Isocitrate lyase 8.4 7.9 5.2 4.9 1.1 1.4
527-1 Malate synthase 2580 5160 2320 4490 2050 1050
(Relative productivity) (720) (498) (186)

Enzyme activity: gmol/min/mg protein.

Amount of bialaphos expressed in values relative to a culture by low producing strain 24-15 of ordinary partial

pressure of 0.21 atm (0.44 g//=100).
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Fig. 12. Scheme of bialaphos biosynthesis by S. hygroscopicus. Arrows: e, low oxygen partial pressure; <=,

high oxygen partial pressure.

EERFRGENLDET 7R ANDER  EBRE
SDETFTTAFMEDORT o, 72HHEIh D Z E¥8AL
DT HICD, BREEFERYAVRHE L. 2#EEE
BAHEHEL D €7 5 R ANOERCRIETHESED
B % F~7o (Table 5). T DR, MP-101 3 IV
MP-102 2 ZEC LB AT RIBESTELRE B2
NET FRANOERLMF I e, AMPB %
BCLIEBECRBREIENEE - THLERIEA
. LD EhD, €7 TR ALERBEETST
MR XV T 7 = M LIBRGEOEE»Z s
B, A FAMMERALHCBERIEOEELZTH L
DHBAL. 2L, BEMESEN 2 F AL £TX
BRHWERE LTRKDOZ ENRELLRE. BEHE
NEED L, a) A FNLBEERER (HEEE) OB1L
X BEHDOET, b)EEFD A FL{LBEEREED

ERHBRBY, o) 2 FALEREEET 2HWEDOER,
BLIOA AFA ¥ F—DEBEBIMIEIN DL ETH
5. LL, BESEXTI3EEBbRIET FFA
DEENHBEINIEENLSAT, a), b), c) KD
TRERELEVWEEZ D LY THSLS.
&E 7 BEMEOTM BB XS, BE
HENEE AFA T —OEIBHAMIEE NS Z & H
Exbhb. TIT, BERCEX IV By (77
V), AFNLIRNF I, AFF=v, B
URz g vig o x FLBEEHBEXHML, B8R
S (0.42atm) TORHTE7 5 A ADEELRRAN
7z. Table 6 WX DFEREERR LI, N2 vEB8IV
AFF = vEREMLIEE, BEESE (0.42atm) T
TOET7 FHADEEIBELTVAZ Eof 1.
ThHLLEBERSET Th A FV ¥ — O
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Table 5. Effect of the partial pressure of oxygen
on the conversion from various biosynthetic in-
termediates, MP-101, MP-102 and AMPB to
bialaphos using washed cell system of the non-
producing strain (NTG-213).

O, partial pressure Bialaphos concentration (¢g/ml)

(atm)

MP-101 MP-102 AMPB
0.10 290 365 325
0.21 220 270 320
0.31 170 205 310
0.42 95 130 328
0.84 trace trace 300

Thirty ml of 50 mM phosphate buffer (pH 6.5) con-
taining 3.1 mM of intermediate and 900 mg (dry weight)
of mycelia was introduced into the Erlenmeyer flask, and
incubated on a rotary shaker at 32°C for 24 h.
bialaphos;

0 CH; CH,

I I I
CH;~P-CH;~CH;-CH-CO-NHCHCO-NHCHCOOH
OH NH,
e}

It
MP-101; H-—I"—CHg—CHg—(I]H—COOH

OH NH,
MP-102;

: o, om,
H—I"-CHZ—CHZ—-?O ~-NHCHCO-NHCHCOOH
OH NH,
O

Il
AMPB; CHg—ll)—CHQ—CHg—(llH—COOH
OH NH,

Shhif, €75 R ALEMET Lz RS Hh
. kD &, BBESETTET - A4&E
BEBTHARECLIBEHELTAFALFNF—DOHBNEEE
HoTWBI ENTREERT.. ZOBBMESET T A
FNLNF—DHHBRIIE IS A h = X A DO
WTRELR—FESRAAVHELLETH Y BER
HbhThB, €7 7R ARBETIBRIE A—KRR
#H ko The il BEg8YRET L, Thb
L, BESENEE S L TCA v1 7 LOETHIER
Ll h €7 5 R ADEERIC 2 EENEGERC
BACTER, XHIAFLFF—OfRMIEINY
75 HRRAEEROBRAT » 7O 2 F1{bp T T
TIRADEEMETTHI LML ER-T T &
X, €7 3R AOTENEREYRETS 52 TS
MECHBHMRE Lo,

s »
TR BERN TR XL DL, £ 0%k

Yy i<

Table 6. Effects of various methylation agents on
bialaphos production by the highly productive
strain (527-1) under high oxygen partial pres-

sure in P-1 medium.

Relative bialaphos concentration

Methylation agent

0.21 atm 0.42 atm
None 100 62
Betaine (1 mg/ml) 99 93
Methionine (1 mg/ml) 92 73
Vitamin By, (5 #g/ml) 108 55
Methylcobalamin (5 gg/ml) 107 57
CoCl,-6H,0 (50 pg/ml) 102 57

Bialaphos production was expressed as a relative value
for control where the partial pressure of oxygen was
0.21 atm without the addition of methylation agent.

BB BEREE TETH I LB ETHE EEL T
5. 75 AaEETEHRBLADORIERY, ok
XAV R=T 4 VR IBLBERFATH-TCh, ¥
AR ADAYy —1LT o, TERCEEENEED
50% ULvER TERrotel b7 P EELIFVBUWL
HLTWA. L, 25 LichhbRESRETS
LV b EBLOLEETHA.

APIRI I\ TL, KB CORRY/NIETER
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OEREEC, WE CEKELENRREEEEE
ik, KEOREY—HAFETHIOTHY, KEET
MRar BB ZT 5 THAH IERTFIE2VT, Thb
DEEHEMCHMD Z L0 TE, KBEDOEESRGY
BHLEYRE LT T

—7%, KEEOKEZ I VEDOLNDIBRTER X
O OBESEDOT AL ER LICAr —n -7
y THRELY, TOBESIL, ZhETAFr—2A
7 o THRETHEYR L L BEDRBEHDOT
REE~DFEDF » VARE LB L LD, EH
CBRABRHEEREORBET » 7PBEBE L SR
DD EEZ TS, ¥, ThLOEEN KA
RBEYHOKBEERDO—WMEES L2 PHF L
W

ERROWSH 52 TS, HRBEE - - HHEHRFRE
BHK, ¥BOHRASENFEE=H A TELYELE

WiT. i, ERCEBEHT S - o8 b JORHBREOHE
BoERcEI @l L LT ET.
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