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Production of by-products during 5-aminolevulinic acid (ALA) production

by a mutant of photosynthetic bacteria (Rhodobacter sphaeroides strain CR-720)

and industrial ALA production under control of temperature

Toru Tanaka'*, Seiji Nishikawa!, Keitaro Watanabe', Tohru Tanaka?, Shinkawa Hidenori?, and
Ken Sasaki?® (Cosmo Oil Co. Ltd., Hamamatsucyo Bldg., 1-1, Shibaura, Minato-ku, Tokyo, 105-
8528 'y SBI Pharma Co. Ltd., Izumi Garden Tower 20F, 1-6-1, Roppongi, Minato-ku, Tokyo,
106-60202; Graduate School of Engineering, Hiroshima Kokusai Gakuin University, 6-20-1,
Nakano, Aki-ku, Hiroshima 739-0321 3) Seibutsu-kogaku 93: 24-31, 2015.

A Rhodobacter sphaeroides mutant strain (CR-720) produced unknown amino acids in parallel with
ALA production when cultured in medium containing 50 mM glucose, 60 mM glycine, 5 mM levulinic
acid (LA), and 5 g/L yeast extract. The retention time from the amino acid analysis identified the unknown
amino acid as 5-amino-4-hydroxyvaleric acid (AHVA). When CR-720 was cultured at 32°C, 41 mM ALA
and 2.9 mM AHVA were obtained. In addition, HPLC analysis and optical resolution revealed the AHVA
produced from strain CR-720 to be (5)-(+)-AHVA. When CR-720 was cultured in medium with an opti-
mized temperature of 28°C, 44 mM ALA and 1.1 mM AHVA were produced and cell mass was maintained
at OD,,, > 10. Furthermore, medium optimization for industrial production was carried out. Finally, CR-
720 produced 72 mM ALA with a high productivity rate (1.4—1.5 mM/h) and obtained 1.9 mM AHVA at
an optimal temperature (28°C) when dissolved oxygen was at 0.5 mg/L, which was possible by controlling
agitation in a 5-kL jar fermenter.
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T, #EHEDO ALARPBGOHFERDBE DO THETDH
52 ENRMEINY, £ OLEALAGEA RN T 4
D CFBAREGRIC BT A HAERBTH D Z EBHILN
TWa.

19844, Rebeiz 52 & > TALA IZEFHMEREHA & L
TIATE L Lo sns?. ALAZHEED % L
DIEEDENTHT, B LTSI ESERAMLVA
FUHTICBVTORRRERN R WESNTED, R¥E
DB TOMBEREPEATHSYO. —J ALARDS
ATBIHRIE, MEEZWEE L U CIERHE CORIEINEHR 8
NTwa". wETIE, ALAYLFe " #Hw/izk MIZX
% WEBRI T B B9 % R EBRAS R 1D, 7 5 TNZALA
EF H HW72Pi~ I ) 7THEAOW R A ST
B EHSECOHBREIERL TWD .

ALADEFEIZ O W TIMEAEBERHRE SN TV,
LA L, fLAEBOERIERE L, —# T Ly
ENTuARWY, 1970 ~ 19854E F TOMAEMIZ X 5 ALA
AERERTFETIE, GGG, BAIER, HB% & TALA
Bk (ALAD) OBFfEATHLL 7)) YR (LA)
RIS 5 2 & TALAWRIVEREDTRD HiTw
BH, WINSALAAEREIEKD? - 72 RIETIX
Rhodobacter sphaeroides, Bradyrhizobium japonica 1
X U Agrobacterium radiobactor ® ALA A1 EE % T-
(hemA) %3& A L7z Escherichia colilZ X % ALAZJE
BT AR50 T b T Y PO, AR SRR o il )
EMALEERLMTIZBWT, ATT2 mMOAFED
WwEshTwa ',

ARG L, LR AR ) TR L, AW
FMETCTOIFRICE VAT E 5. ALADOFEMIKRE
AFEIIIIF R S0 T A MIICENR T WS DT, §f
DI ARG T TH ALAZEBEDTTHE 72 W O Bl %6 %
Wiz TTICHRE L2 Y, R sphaeroides IFO12203 %
BFHEELTN-AFV-N-= bua-N-=puavrsr7=y
YEMWTHY R LUERZITV, HAESEAETH ALA
RIEFET R R B SIREEMK (CR-520) B L UHBORE
B#k (CR-606) ZHUf%L72"™. CR-5203% & I'CR-606
DALAEFEREZ MR S 57010305 B X O
HEE DO EIAGF IR R T o 72, JWH D225 % WAH
F£0.1-0.2 vvm Tl & L 725528 544 T T D CR-606 #k D
ALAZAEREX. BiATH S 7)) v, ALAD DB
FeREH T H LADB L OFEREL ¥ 2 2R, 18 RF[H
T20mM7Z 572", 542 EEELYE R TOERL
B X ) HUAF L 72 CR-720 813, MRILEITTENM (ORP)
IR L L1505 -100 mV & 7 5 FER R4 T I
BWTZ) Yy, LA ZFVI—ABLUOBRTIX A%

20154E Bl

A%, 38WEMIEE % O ALAEEREIX52 mM 725
7219,

R. sphaeroides’ Ji\ 7z ALAZEFEIZ BT B R,
CR-520#k B £ O"CR-606 k% HI VT2 LEFEMIZ LD
30°CTEE XN, CR-720FkTIZ3 LISEEMIC X D
32°CTEBEBENTVE Y. L LiHS, CR-72041Z,
B ORBIMEAZ2°CTH S —HT, ALALEEIIBW
TIE27°CUL LR ML TR FEIRE D LA S T
KA OB FEY O LR ATEM S 5 25580 5, ALA
A D 32°C DL OB AR EE TR A 3 % 10 Ay ek B
FIZXBEBTRED LN

ARERTI, R. sphaeroides 25tk CR-T20#k1C & 5 ALA
HEFERFIZ B 2 RIEY DR 2 s L, Bl REY) 0 R i
Hlldefh L L CRBIREEZME Lz, 35612, CR-720%%
T HVCIERGERAE (5 KLIERE) TOALAEEDS S
AR N

RBRAE

HEAEk LS/ R sphaeroides CR-720 k1%, &
LOEBERAODORMH LY. KhEEFSE2
BMnd 7 v a—AB L OB A0 5755 TT25:1 "
BLUTT3E A L7z 121°C, 204, HHEZEA
W L7215, ACREDT 150 mM & 22 5 X9 BINCHH L
ZZ2MZ7 Vv a— R e MRtz TI3RE oML, 7
VI —ADRAMEEEE 250 mM & L, TN F X
(FV) =y VERRET A, W) ORKIERE% 8 g/L
ELZDAME T RTTT2R ok & Mk E L7z, pH
MENIAT D R o 7.

wikkiZ, W (21 mmg) TIZIRIENE S cm T 250 rpm,
fiA 10 mL, 300 mL#&/Ny 7V =/7 7 23T,
Wz 4835 mm T 120 rpm, AR 30mL, 2 L%/ Ny
TNAF =7 7 A3 TiE, BEEERE35 mm T 140 rpm,
1A 5200 mL TZ N ENK ML 32°C TR EZ T
EFIE7.

REBICLKDALAEYE 3LEMMICISALAL
ERBOY A, R, 1I0mLOTT2E % & T
21 mme SREREE & I\ C A8 BEIIAT 5 72 RWC, 200 mL
DOTT2E A EL2LE /Ny 707 7 A 210 LTk
BICXBHEEE2% (v/v) B L, W5EE&M0T24
BEMRE 21T o 72, RIS, 1L.8LOTT2¥ % &, &
frlieFEMm (TOA-DKKAE, ), Rk Ek
BXUOpHEM (X FF— - L Ffl, Swiss) % %74
L 723 LEERMMDL-300 (JL2E/3 1 + = > JfE, B0 12,
RIREER 2 2% (v/v) W L7z, B8l A0HEE0.2 vvm,
FYEAEE 1802 5400 rpm, HfEIE2672> 5 34°CTIT - 72.

S5KLIERAAEIC & 2 ALAAERBR O &, FE 213,
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200mLO T2 A L2 LENYy 7V =ZM7 5 R
I ZHVTC 24 T 572, IRWTI20 LOTT2H; %
e 200 LEERAEIC 7 9 A I B3810 % 1% (v/v) R L,
WA EE0.02 vvm,  $EFEHEE230 rpm T 24 ~ 30 K [,
Wi 247> 72, 3KLOTT3IN % & de, AT TEAR,
pHEM (A +F— - bL Nt Swiss) B X ORER %
P Lo S KL SR ICai B A8 e 2 AN L 72, B8
B R IR B 28°C, A ME0.2 vvm, IR HE 60~
105 rpm TH7 o 72.
5-73/-4-EFOF+FHEE (AHVA) DERK
Biel 5@ 3202t ALA, KELF7EFbU Y
AB X UREBAETF MY A (FOGMSE T3, KK
ZEETCTMEASLEZDOL, A+ 5 HBHEIR-120B
(AN 7H, WE) X BK# %47\, TLC TR
HONHESARIL, TARL—F —|2k ik o
M X2 A MAHVA #1572, (R)-(-)-5-7 3/ -4-b Fnu
FUHEERE (R)-(-)-AHVA), BXU(S)-(+H)-5-7 3/
A-v FofxvEER ((S)-(+)-AHVA) 1%, Herdies®
HiE2Iht-> THEE L 7.

AHVABEROWmE  #EEK % Granick 50 )Y
W20t o TA F ¥ S HBIFIR-120B 12 & 5 K3 %2 47 W,
ALAW % BUS L7z, ALAW%% 1 NAKER{EF ~U
LKA X ) pH%Z 8.0 L —BasZiih F Tl L
72, SHICpHZ8.0IZHHEE L7z ALA W 4% YElE % FH v
TpHZ 4.0 L, 14 Y RHBHEZ TR %
fTo72. BU% L7z ALA M %% Herdies 5 D 22 126t -
THEEE/N ) 7 & (FIDEHISE T3E4L) A P Cil Tt
L, #O0EcEy) B2 L. AlEEHIZIN
KIBALF N U 7 ARSI X D pH % 8.0 127 % L —Hg
FEim F Ol L%, e W CpHZ 4.0 L,
FIEEA F VR % W TR L 72, AHVA % TLC
W2 X D AERE L AHVA 52 15372, AHVAHIZ% X 5 ) —
Vo (FEHESE T34 2 WO b L, AHVA ML
Bh & (%72,

PIHE EEETOALAEEIX =—Yve%
IS X D T ERAT - 72 AR LR
UVI1600 (&8 ERH:, K % H v T660 nm D%
FEIZ X o THMT L7z, B D AHVA, 5-7 3 /3
% (DAVA) &, sk~ 757 4 —LC-
10A B X LM 83 RF-10A (Bt BET 1, 5UER)
WX, FANVETIVTUT REHWRA N T A
-HPLC/#TiiNc & ) BB A B Sk 2 & L 72
FHiFEZE>THM L7z, A L72AHVAIZ99.9% D&
K (A )74k, Germany) ML, Bifhe G2 E
INM-0400 (HARE T, W) 2HWTHITL, B
S ('HNMR) ARZ b VERUS L7z, #KICHER
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L 72(R)-(-)-AHVA, (S)-(+)-AHVA, AHVAML# &,
B L OFEERIE, Agilentl100 ) — XDHPLC B X O°
Y4+ —F7 LA BHEBDAD(7 YLy h 7y ad—
tt, USA) 12& D, #iK1LI260%#IE#EE10mL %
MATpHZ LOWCHE LBz BEMHE L, iz
0.5 mL/min, CROWNPAK CR(+) % 5 & (¥ 4 V4L,
KB, T 2iEEE3°C, WEWKE 190 ~400 nm 2 TH
L7z

HEBETORMPERE 3 LA %AV TCR-720
WA T S, 24 KEHIEE % ICWRIREE (ODg) 25
£Z10 (B4 gdrycell/L) 1TEL, #IFHEZ 350 rpm
EL, VY, LT U BRI R AB LUV a—
A BB, W W CTpH%E 6.3 = 0.1 HEFRE
LALAD ERER BIMG L7z, EPEBR UG 19 [ # 12
28 mMAE L7z, AEESHEIX 1.5 mM/hTH - 7z (Fig.
D). =T, A REBIIA TR 19 DL 3 A BE S EE AV L
HFERRIGT 44 BRI T4l mMOEETH - 7. e
BG A & OEPERIEIZ0.9 mM/h & e o7z, BAFZ) ¥
VIRERERT S0, REFICHPLCIZL Y 73/
Bx g Lz 2 A, AERMGBE I9RMMUED 7 ) ¥
Y25~ 1TmMBAF LW, —J, UTrrvav
74 LRAS IR =2 ZHRIBL, ZFOE—2 1Y
TAXAFERMGHE, ALAORME & b IZHML Twiz
(Fig. 1, wk.1). ARG S 25 KRR ELIRE, ALA

6 ! 80
e iaxlaxy ~
o5 170 %
Figl 16082
24 T;f_
g: wd by 1 50@":’
=X = R -
r<} L i _U
3§53 033
o2 13028
Eg2 3%
g5, L
25 Cell mass 10 I
<
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Culture time (h)
Fig. 1. Increase of an unknown peak detected by amino acid
analysis associated with the production of ALA from strain
CR-720 in 3-L jar fermenter containing TT2 medium at 32°C.
Agitation and aeration were controlled out at 350 rpm and
0.2 vvm, and pH was controlled at 6.3 + 0.1 after addition of
levulinic acid (LA), glycine, yeast extract and glucose. @,
unknown peak area in amino acid analysis (uk. 1); O, ALA
production; &, cell mass; 2, residual glycine; &, LA addition
(5 mM); &, glycine addition (60 mM); I, yeast extract
addition (5 g/L); <+, glucose addition (50 mM). The values
represent the averages and standard deviations of triplicate
experiments.
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Gole. —HTT I/ @GO rax 7745 E0) 7
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7z (Fig. 2, wk.2). KRHE—Zuk. 21%, HERGREO

M ST, AERBROY — 27 1) T35

x 10°, AEFERED 5201281 % 10°, 44 B #
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Fig. 2. Amino acid chromatogram of culture medium of strain
CR-720 44 h after addition of levulinic acid (5 mM) and
glycine (60 mM). Glu, glutamic acid; Gly, glycine; LA,
levulinic acid; ALA, 5-aminolevulinic acid; u.k. 1, unknown
peak in amino acid analysis (retention time is 45 min.); GABA,
y-aminobutylic acid; u.k. 2, unknown peak in amino acid
analysis (retention time is 52 min.); His, histidine.
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Fig. 3. Analogical structures of unknown peaks in the culture
medium of strain CR-720. The chemical structure of
S-aminolevulinic acid (ALA), 5-amino-4-hydroxyvalelic acid
(AHVA) and 5-aminovalellic acid (DAVA); *, asymmetric
carbon in AHVA.

20154E Bl

HL7mMoE, FVF 72 VTLVFL FIZLsT73)
HDOBHIPIE DT, AWK L2k 2 3otk 4 5 5
ETHIENL, ALACHESEML TS T I VR
DIfEEEZEZORN, 2HOT7I K (5-73 /-4l
0% yHEEEE (AHVA), BXUS5-7 3/ n-HFEHE
(DAVA)) 122w Tt L7z (Fig. 3).
AHVAIZDOWTIE, TGRS AAE L 2729, Biel
S5OHEMITH Y, ALAX VAR L alL &
AHVA % 'H NMR 5#7 L 72538, 4070 RFEISHEGT 5
Fa bt rlikory ) THEET L SMEB X O3
DIRFAFEET AT M Ero =5 Ilnb Ll
%, E— 74:&7 2L Tz (Fig. 4d). ZofHiE
4140);;?,& AT A7a b /c‘:S{JA‘oJZU‘?){_L@F,\L
WETH o0 7T b v ORI BERIZIESMmNIC
:k%%Lfﬁb,A&LfMﬂmiﬁ%=Wf%é:
EBHONE o7 3MNDRFBITHEET L o070
FrO¥—=2713FNER, §=3.16 (dd, J=16.2,3.2 Hz,
1H, 3-CH,). 291 (dd, J=122.5, 9.4, 1H, 3-CH,)
THho72(Fig. 4c). 72,137 F§=223-2410DE —
ZRE—=27810ER->TEY, 2MORFIHEET S
SON7a b BIOBEETLIMOTE N BT RTIE
MBI E LT L7245 8, dubble dubble dublet
DE—IRELYVE->TVWDLEEZ LR, 2D RFEIC
WETATO N RO -7 THDLZ EDHRTE
(Fig. 4b). 1t 7 16 = 1.66-1.87DE¥ =2 Z¥—2
13 Lo TBY FARITIT 217 5 72868, 3o RE
WKHETA270 b VICHRTHEE—2TH D I L ZHfR

OH p
HZN\\/g\V/A\H/OH
cda O
{_f_\f'(

|
f( .a

Lk

" e S

) =

Fig. 4. 'H nuclear magnetic resonance ('H NMR) spectrum of
AHVA synthesized from ALA, sodium borohydride, and
sodium hydrogen carbonate. AHVA was purified with ion-
exchange resin, followed by NMR spectrometric analysis in
D,0 (400 MHz). (a) 8 = 1.66-1.87 (m, 2H, 3-CH,); (b) 2.23—
2.41 (m, 2H, 2-CH,); (c) 2.88-3.18 (m, 2H,, 5-CH,); (d) 3.86
(ddd, J=25.6, 12.8 and 4.3 Hz, 1H, 4-CH(OH)).
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L7z (Fig.4a). TH OO ES S48 L7AHVAZ
AHVAOREZAHLTWAHZ & 2R L7-.

G L7-AHVA Z 7 3 7 BOHTiEIc X 0 50 L4
BV TFvyav i A LNAS G THo7-2 805, I
b TR L7zuk. 1Ty a vy M a0 —3
L7, $4bb, uk 12 AHVAEFEL. AL
AHVA % 7HiiE#egh & LT, ALA ARG 44 BER 14

DOREEWH DO AHVA 72 E 8 L7k %, 2.88 = 0.04 mM
(n=2) THhot.
—7J7, DAVAIZ, #FEEZ AT, 7 I JWHMEICLD

SR LTRESE, UF vy a v ¥4 58025 THo722
ESREERTTHRBLzuk 22U F Vv a vy 4 A
2—EH L, uk. 2% DAVA L [F%E L7 KFEDDAVA %
SINTAEHE S & LT, ALAZEPEBRAG 2 44 W R 15 O K5 2810
T ODAVA % g m L7248, 024 = 0.06 mM (n=2)
Tholz. —F, BEROKES X OHBILE T VWIS
L 72 AHVA MRS S ol e 2 e L7248, [a]* =
+22.0 = 0.0 n=3) THo72. F72, HerdiesD}E»?
IZhE o THB L 72 (S)-(+)-AHVA B X U8 (R)-(-)-AHVA
RS L L, e¥adE s 9 A% v 2HPLCHEIC X
0SSR A © WU L 72 AHVA LR & % 001 L 7285 3,
(R)-(-)-AHVA i3 & 72 5> 7= (data not shown). &
DAEHD B CR-T20¥:23 (S)-(+)-AHVA % J5 5 5912 4 1
LTWbZ WL o7
CR-720#kIC &1+ 3 AHVA £ D BEKFHE
AHVA IZ ALA EFERFIZEIMT 2 A% & L TR 5
VN D o 72720, ALAAEFEIMG % TTREZBR 0 #ERe L
%755 AHVA O 2 K83 5 S b 2 Beid L7z, Biag
W X D ALAEEDEB T A5 H > 722 &2
5, FTHEOEEICOWTHE L. RBEZH w7
ALAAFEFME ™IS X ), AR E % v T CR-
T20 kD ALA A R O B 28R PR & 24 ~35°C & L C,
AHVA OEFERBICOWTHE L7z, TOME, ALA
AL 26 ~ 32°C O Fi P TR 20 BE R #1289 40 mM %
MEFR L, AHVAIZ28°C DL odRgagii e chdim L, 35°C
T4 mM FTHERT S 2 L 2R LL (Fig. 5).
ALASEICH (T3 CR-T204DIEHBEFRHDHRTE
CR-720 ¥k BE38IRE 26, 28, 30, 3285 K 1834°CT3L
B CTAT S, EMBEORKEEIZZLEN
ODgp = 3.8, 6.0, 8.9, 11, B9 L o7z Hide
L 28, 303 X UF32°C IZF%IE L 7= S8kl o iRk i %
350 rpmICiRE, U vy, LTV, BRIy B
FOTNVa—AZEML720b, gz HWTpH% 6.3
+ 0.1ICHHE L, ALADOAEREZMGL72. ALADEE
PG, pHZEMEZ MWT6.3 = 0.1 ICHEIHIEL 72,
ALA @ R BIE A © 19 W [ D ALA A= i i 5 1%

28

60 5

1a
_ 40 | (} <
e °E
— L o% <
3 © O 2%
< <
20 | °®

0.‘ 1

0 L L L 0

20 25 30 35 40

Cultivation temperature (°C)

Fig. 5. Effects of cultivation temperature on AHVA and ALA
production of strain CR-720 in 15 mm¢ test tubes containing
TT2 medium. 20 h after cultivation, glycine (120 mM), LA
(5 mM), and yeast extract (2 g/L) were added. @, AHVA; O,
ALA. The values represent the averages and standard
deviations of duplicate experiments.

28, 308 X U32°CELMFTENEN2, 268 L
26mM Z/R L, ALAZERESREIL, 1.4~1.5mM/hTH -
7z (Fig. 6A). —7J5, ALADEFERMED S 41 BRI O
ALAEPEIREIZZNZEN44,38B XL 40 mM Tdh - 7-.
ALA OEFERITGED & 44 BEE 2 F TO ALA ZEPEHE X

FnFEN1L, 09, BIU1.0mM/MhE o7z ApER

HF2 41 R . O AHVA A =1, 28, 303 X 1832°C
FEFTENZNRLL 218 X02.9mM ThH- 7 (Fig.
6B). A ERMHEAIEF B O EERIEE (ODg) 2,
28, 30B L U2°CEMTFTERZENRIL 108 X U6
T -7z (Fig. 6C).

SKLFEEHE A AW -28°CEE T TOCR-7208% D
ALASERE  BUROALALMESMCIE, ExzH
BEEARI, )Yy, V7)) Ui BRI FAB L
O NVaA—=24FO TV H——%R/NT5. 20T
T¥E7av AICHEAT A I3 REEMIC RS E, TR
b7y FERE 4B 720 ALA A RE OB % gL L 7.
ThbbEHBEIFZ Ggl), BXUOZra—2
(50 mM) %, CR-T20#k%4H S 2 BB CH #1238
m3sZ e, WROTT2R A5 TTI R MICAHE
L7z, SHIZED 7))y e L 7)) YBORNT, +4
ALAKEEDTZ D2 otz F72, SKLERMO
WA AR S, BAGEE0.02 vvm S T CHRIPREE
WX D EfAmRRRE (DO) ZHl# L, WEIX28°CT
I L 72, ALA, AHVAZEMRED X O WK O R 55
Mk % Fig. 7IWIRT.

CR-720%kiZ, WBHERE0.2 vvm ST T E %
90~ 105 rpm IZF i L, DO2%0.5 mg/LLL LT 5
S CTAE S, WKIRE (ODg) 2513123 L7224

AWM T H93%



50 {1 b
28°C % A
40 °o®
—~ g 32C
s
E 30} a ® 30°C
< 8
< 20 |
o)
10 + o
A
(Y-S S— - -
3.5
o B
3 32Co
§2'5' 30°C
E 2} 5 °
§15- A
z % %ZSE’C
A
[ )
05?0 o
ol . . . .
16
_ LAA . C
512_ % . 28°C
B e %0 A% °
o 13 o Ao
TI; 8 I 30C
3 4 + 32C
%)
0 n 1 n 1 n 1 n
()} 12 24 36 48

Culture time after precursors addition (h)

Fig. 6. Effects of temperature on AHVA and ALA production
and cell mass of strain CR-720 in a 3-L jar fermenter with TT3
medium. Agitation and aeration were controlled at 350 rpm and
0.2 vvm, and pH was controlled at 6.3 = 0.1 after addition of
LA, glycine, yeast extract and glucose. (A) ALA production, (B)
AHVA production, and (C) cell mass. @, 28°C; O, 32°C; A,
30°C; ¥, LA addition (5 mM); {&, glycine addition (60 mM);
&, yeast extract addition (5 g/L); -+, glucose addition (50 mM).
The values represent the averages and standard deviations of
triplicate experiments.

BER %, BIEEEZ 90 rpm KT S0, ) v v
BIOLTY VBERMLTCpHZ 6.3 = 0.11C% L
ALAAEZBM L. ALADOAERIBHZIZDO D EIR
fti250.5mg/L & 7 % X ) BILHEZMRE Lz AR
BEH 5 39 FTI2Z Y ¥~ (60 mM) ZEF3 ML,
ZDLEDALALFEREEIZS9 mMEB X OFAHVA 4
BEEZ12mMTH o7z, T2, EERED S 39KEH
¥ CTOALAEPEHEE 3 ALA ZEpERE 12 1.5 mM/h, &
FKIEFE (ODgeo) 1321 TH o 72, 512, 771 ¥ ¥ (60 mM)
R UK Z 120 HRkRE L 72 & 25, ALAZEREREE
372 mM, BLOAHVAEEREIZIImME %o 7.
EPEBIE D 5 ST F TO ALA AEFEHEE1T 1.4 mM/h,
WARIEEE (ODgg) 1323 ThHolz. 7V Y VHBERDPS
DALANRIZHIZ30% T - 72, AEFERME D & 32 1 [
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Fig. 7. ALA production from strain CR-720 controlled
dissolved oxygen under 0.5 mg/L by agitation in a 5-kL jar
fermenter containing TT3 medium. For ALA production,
agitation and aeration were carried out at 60-90 rpm and
0.2 vvm, and pH was controlled at 6.3 + 0.1 after addition of
LA and glycine. @, ALA production; O, AHVA production; &,
cell mass; ¥, LA addition (5 mM); {!', glycine addition
(60 mM). The values represent the averages and standard
deviations of triplicate experiments.

B2 DO A — 12 0.7 me/L & 75 L7275, $db s o
RIS X o THEZ @ U CTDOIX0.5 mg/L A il 12 F #i
T&7.

z =

Zrlal, 5 KL F8EERE % v CR-720 kI & - T 72 ALA
AEREIREE (72 mM) 1, O, Rhodopseudomonas
palustris D hemA (5T % & ATZE. colilZ X %393 mM"”),
Salmonella arizona D hemA BT % & ATZE. colilZ X 5
31.5mM'® L bR LC 1815 L, 7 5 UNC E.coli Rosetta
(DE3) /pET28a (+)-hemAZ & % 72 mM' & [ 45 D #
Tho7z. CRI20MRITEEZFHIRZATRNOT, ALA
EREOREWRFEAEN T EEZ 5N,

CR-T20#RIZ & 5 5 KL SRS COREFAER LD 7)) &
YHBEEIEZ210mME L), YT U 5DOALA DL
HIE34% ThH o7z, HHOWE EFEFEORRL LY,
BT Z E coliTOZ ) ¥ 95D ALAE 54%
LTI o 72, CR-T204k T3 3 LI T2
VU RARI80 mMIRIN L 7256, ALAAERZT ~
FEZTHAHIO0MMEEL TVDE I LEMERLTED,
TYEZT R EOMOPEITAH SN, ALAKEICH
WHNTWRWEDLEZ LN,
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AHVA L, JCEBGHTE Rhodospirillum rubrum 2 X 1)
ALA D& O EY & L T Shigesada 512 & ) #1T
Wi s N7, T/, Erythrobacter )& ® A B H 12
BUTOALA»SORBEY & L TAHVAHE S
TWb®. EB5IZR. capsulatus O WA R %2
WTALADS AHVAPER SN S Z LGS TH
D, Biel 512& 5> TALAD DS EZEE I TWw 52D,
CR-T20#IZ ALAD O35 HERITH 5 L 7)) Y RE IR
MU ZRWEE, w7286 L L TR 3RO AHVA
PHERINE 23 LEHMETHELTBY, CR-
T208RIZB VT H AHVA DA K ASALAD £ 5 L Tw
% &%z bNb. CR-720% Tl CR-520 % % CR-606
P& I L CALAD A 251272 - THB Y, AHVA
DERRITEEOERERE KL T EL Tzt %2
5N5. ITNFETOHE D TIOEABMEIC L Y &
SN DHAHVARGFEHRREARLE LTRHRESN TV L
Molzs, A, HEEHSIZAHVAIDLERMEAETH Y,
CR-720 kAL L 72 AHVA X, (S)-(+)-AHVA T 5
S ERHCHER L.

R. sphaeroides % I\ 72 ALA A FERFOIRIESAFITDO W
Ti%, CR-520%k 3 X OFCR-606 %k T2 LIsEEAl % H
WT30°CTEMS - V25 ), CR-520%k, CR-
606 ¥k X OFCR-720 ¥k T3 32°C 41 F T2 L %
B3 LISHA CTHME L T & 72", CR-720%k % W\ C,
REREZ X B ALA A pERER I T ALA ZEpERE il e 4
ARG L 7oAt 5, 32°C 4:fF F 20 BF £ Tld ALA
A PEIEFEAT30 mM D & X 12 AHVA LG EA32.2 mM
THo7zDIF LT, 28°C LM T TIX ALA EREERREEDS
37mM® & & IZAHVAZE 5K i 0.8l mM % 7% L
(Fig.5), ALAAEROREZ28°CICETET A5 LT
AHVA OA&KZIHEER 2 & 252 L, € 5ICALA
HEHEZERT AIREED W3 T,

R. sphaeroides \Z & % USG5 FCOALAEFEICE
WCRAHEE B X OB E ORE AR RN TH Y P,
CR-720 ¥k T3 5 # 0.2 vvm 521 T TORP A$-150
M5 -100 mV & 7 2 HE O E L, 3 LAERAEICH
WCAEREBIMA A O 38 EHIZICS2 mMAEE L7-Z & 2%t
LY. ORPZIREEIC LRI VW Tidax
YA LQIOTOBINDH 5. CR-T20%kIE, IFANE4
BEFTrZY Y A7 Y=V CoADHALASZ A LT
ALAZ AT D% HT 5705 ALAS P HRFEIEZ
WEHOIEEAY YNV CoAZMIET A0 15
WCBEREPLETH A HEZM.SEL T ENEET
Btz FEEEBEOFRERETT KAy — IV OFEEAE &
550 ALAAFERE 2 EB T 5720, BIMGERMED
A —VT vy THREZEDLIEDVRETH > 72,
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ORPH-150%*5-100 mV & 7 % &3 % 5 kL DL -
DOFRBRTHRET 57201218, FBETOEM DR
WL sz A M LME SN H o7, F
TEZ S, BMEEN)OWEI T L hallX 5K
AEATo7AER, 5 KLERAELL L OREAE~D X r — v
7 v 72, ka=24hT 2o T EREMS &0 BET
INBUREL G ER T O ALA A2 oAl & Fei L T90% UL o>
ALAZEFENIEAE SN D Z & 2R L. —), ka
BXOALAAFERE L AHVA AR & OBRZHEEL
7205, WD BB BARIE R S ko 72 Fig.
51289 D) B 22i B 28°C T AHVA A i 12 xF L&
FME30°CTHOAHVAE KB IR 3R ->THEY,
RREEDOREN hab X OTALAEEREIC X 2508
Y REVWEEZOND.

L LT, AHTIES kL3R 2 F VT ALA ZEJE
W O HEEE O FREIC X > TDO % 0.5 mg/L A 12/
DI ETIA~ 15 mM/hDAFERE Z4E, LA
5 STREIZICZ N E TORE & FSFD ALA AR
WHMST 272 mM O ALAEREDTREE 72572, 72,
HEFEBIE A 5 26 B 12 1 ALA ZEPE IR E 2342 mM o &
X ICAHVA ZEREE120.7 mM, ZEPERIIGE A S 51 R
BIZ19mMZRL, BFEIREE28°CE4M T TAHVA®
AR CTE 5 2 L B EAEERBEOS KL T
T & 72,

B B

FA B HEZ BAR R, sphaeroides CR-720 8k, THifBK
ke LTS50mMZ va—2Z, 60mMZ% ) ¥ ¥, ALA
BikBEEHEH E LCTSmML 7)) Y#RB L 085 g/LI#
BELF AT, 3 LA CALAZ EFES /L 25,
ALAAFEZ - TS 2RO 7 3 BE it L7z,
KMo 7 I 7 8BIX5-7 I /-4 FoFvHER
(AHVA) ElsE L7z, CR-720 BRI RF#EIRE 32°C &4
TTALA %41 mMZApE L7z & & AHVA % 2.9 mM 4
L7z SRR HED 7 2 % v izEdliik s o< -
7574 —=12X ), CR-720#1Z(S)-(+)-AHVA % 4§ 5
BNCHERELTWD Z & 2R L7z, Bl 2 MG L7
K, 28°C TALAZ44mMAEPEL 72 & &, AHVAZL
FERIZLImMTH o7, SHICALAEEOR %K
KL, 5KLZERAE 2 Vv CRE AR 28°C B X UMl A
F£0.02 vvm — B 5 T CHREFPHUEE % 35 LA A Bk KR
J£ % 0.5 mg/L LUFISHIA L Z22fs 5, ei%i912 CR-720 ¥k
12X 2AHVAD AR %2 1.9 mMIZHI#H T &, ALAZS
T2mMAEESN, AEEEEL L T1420°5 1.5 mM/h %
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