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ABSTRACT

The effect of levulinic acid (LA) and biosynthetic precursors of 8-aminolevulinic acid
(ALA) on the production of extracellular ALA was examined for the cells of soil
derived Rhodospirillum rubrum N-1 belonged to the genus Rhodospirillaceae. The
extracellular yield of ALA was increased to 23 fold (45 mg//) from the basal condition
(Lascelles” medium without L-glutamate) by successive addition of LA at initial (10
mM) and mid-log stage (30 mM) of cell cultivation. In addition to initial/mid-log mutual
supplementations of LA (10 mM/30 mM) and glutamate (30/30 mM), respectively, by
means of alternative feeding 10 mM Cs-precursors at mid-log phase of culture the
extracellular ALA content was reached to 75mg// (40 fold)

Key words . Levulinic acid, 8-aminolevulinic acid, Rhodospirillum rubrum N-1, Cs~
precursors, Cs-precursor
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GlutamateE #) 93t Lascelles®] 7]2ujz]o] LAE w°kx7]d) 10mM, o}F 7] 7]} 30 mM
S A7k Az A ALA AKX #2 45mg/le] =, LA m|37} din] 23v) Frlsisdeh

ALA AgA el AF7EA4 glycine-succinate (Cs) @ glutamate (Cs) 9] feeding E 3=

uj ¢ 271/

7] Z7]9] LA 10/30 mM <, glutamate 30 mM/30 mM& Z2 371sle 3, dlg7] F7]6)
10mM F=9 Co ATEAEL HER HAvpgess vlast dule] ALA HAbAde] oF 40w (75

mg/l) Z7}slgch.

2

Cy ATEA

AR A% Y D Ao 2L =
< 37

71€9 FAo= EFda dA) HAHez 7}
% ok Fo shiEs
Aol AL AE5e]

ko] A&HLR Q& 5]5’_ 2t} (Tomoo 5 -

1981). A o) HHI Q& AZAY HFE
TR s AAEE wokoz QA 54
%) Eo} AR EAo] B ZAAESL by 9
o}, olEgt FAAHS sA v R wlA
E YA AFES o]43 AE Fe AHZA A
ol it dF ATl el HuFR glon}
(Gills &, 1983; Beale, 1970; Mau %,

1988; Rhee %, 1987), o]E2] o322 QA
o] B3t o] vlwA st Zleg U4 9
o},

8- Aminolevulinic acid (ALA)¥ porphy-
rins, chlorophylls, hemes, vitamin B ‘%—
tetrapyrroles %32 key intermediate®
Haste], ALARHEEE o5 FEA0] o4
A feedback #3E ¥} (Nandi &, 1968).
A E YoM ALA A2 dA74A] species
o] ety Cst} Cy (shemin) A2 F Lol 9
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ME0 : Levulinic acid, &-aminolevulinic acid, Rhodospirillum rubrum N-1, Cs AF-EA,

e o= 994 U9 (Burnham F,
1963). Cs 32 A& (Beale &, 1975; Beale
%, 1974), algae (Avissar, 1980; Huang %
1986), YH-A)FFH (Avissar 5, 1989; Holl-
riegl 5, 1982) SolA] WHFHo] glutamic
acid® A7EA= 3 glutamic semialdehyde
9] transaminatione]] &JsjA ALA7} &4 ==
vt Cy AEE FE2 FF (Kikuchi 5,
1958; Masayaki 5, 1985), 27 (Leong =
1982), 37| A7t (Sasaki 5, 1987; Wrxght
%, 1987) SolA wAse] AF-EA4 glycine
#} succinyl-CoA?] condensation¢]] 94?'511/‘1
ALAZY A4 HE Aoz B3F gl

H, ALA: Z3AEAEHN oS3 -’M]"i
73388 AbsLEAl]l pehlideZ AJE T o] EA
of o3t U Atsfub-g-o] Aty AEewt A
oz odofrf 4] QA|Ae] Fajsle] i}
= d%9] photodynamic herbicide (A} 2%
AEAE d5E22A T ALAY HAH
&% g d77F A=EHI Ql} (Rebeiz 7,
1984). A A= AP (Choi &, 1997B)elA
Rhodospirillum rubrum N-1¢] ALA A3A
= 98l C P G BAEE AL3e ARIS B
328k v} 9leh, B dFdME Rhodospirillum
rubrum N-1 T35 o]43ted FA9 ALA
ARGl v A= LA 9 ALA A7EH A7t
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2.1 AT ¢ siyxd
B A A I e EIA el
Rhodospirillum  rubrum N-1{(Choi &,
1997A) 24 glutamateE A]9J3t Lascelles
(1956)2] 7]&wx] (D, L-malic acid 2.7 g,
KH.PO, 0.5g, K:HPOs 0.5g, (NH).HPO,
0.8g, MgSO,-7H0 0.1g, CaCl, - 2H,0
27 mg, nicotinic acid 1'mg, thiamine-HCI
img, MnSO4 - 5H,0 1.2 mg, biotin 0.01
mg in 1/ ddH:0, pH 6.8) 30ml(2X20cm
culture tube ARE)el A widd 0.1mlg& F
olgl % 30°C, 4Klux 2% 3lo|M A7|He=
AA wiokstdel. @719 wiEAle FL-2 100
W 2" HgdAdTFE A4 glass
water bathe] @A ZALI. 74 $4
2 wjoke]l FFTE 660 nm (spectrophoto-
meter beckman DU-68)o| A velfizict

2.2 ALARA

AE ] ALAY =5 A3 H3ld &
mFeS 10,000 rpm, 1083 WA ¥ F,
cell pellet 23 AFst 254 5mlz det
Azl ¥ 3%t sonication (10sec intervals)3}
o 10,000 rpm, 2083t W4 Eeleke] A5
S BANEE ARSI ASAT Fedst
o 7+ (0.5 mle]] Mauzerall, D (1956) %-¢] 1}
Hol] mta} 1 M Na-acetate buffer (pH 4.7)
0.5 ml3} 0.05ml acetyl acetoned 7}3} ¥
1547 boilingsldst. A-2elA ¥zt ¥ Ehr-
lich reagent (1 g p-dimethlaminobenzalde-
hyde in 42 ml glacial acetic acid plus 70%

ZEYTT0) o5t HEEY SEHY YM 27

perchloric acid 8 ml) 3.5 mlE- 7}sle] 208
7+ Ao vk, 3{AlE 2-methyl-3-acetyl
-5-propionic acid pyrrole%}g 556 nmel|A
2738 ¥ ALA standard curve (556=9300
M-lem 1)(Choi &, 1992A)2HE ALAE 3
A Aepsct.

3 Z3 o 1¥

3.1 LA H719] &HA|7]|

LAE 50 mM ojsje] W3] WelM 72 5=
W2 ook 27 2 dg57] F7lel Aot wiekst
o o] A 4£x9l ALA A WIHE =
Atstelel. Table 16]A B ups} o] 9
FA SEE A7 #Agle] LA F=ef
oJ3le] wlHH oz sl HHE oo,
ALA AL wlwg # = LA £4 3
oA, &3] Wk 279 H7H10 mM)7} 7b
Z Aol o] AARFE E FF 9
3 ALA YA 2477 Hdste] 1 4=
A §Ao] LAS H47] F7] A7k ALA 4
Abel]l 9loiA MR EEHo=w R IE Rhodo-
bacter sp.(Choi 5, 1992B) #&3= Aoldt
7Aog Adsigic

Table 1. Effect of LA concentration on growth of
Rhodospirillum rubrum N-1 and ALA pro-
duction.

Initial stage Mid-log stageb

LA(mM)2 Growth oy Growth
(660 nm) ALA(mC,/l)(660 nm) ALA(mg/l) |
0 1.74 1.71 1.74 1.71
10 1.50 7.30 1.68 3.10
20 1.23 424 1.32 2.89
30 0.91 1.52 0.81 3.01

a LA was added independently at each stages of cell growth.
b The addition time at mid-log stage was 3 day cultivation.
The value for cell growth and ALA were obtained after 4 day
cultivation.
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Table 2. Increase in ALA secretion by LA supplementation from the cells of Rhodospirillum rubrum N-1.

Absence LA Presence LA
Time (day) extra ALA intra ALA Growth extra ALA intra ALA Growth
(mg/1) (mg/1) (660 nm) (mg/l) (mg/l) (660 nm)
0 0 0 0 0 0 0
1 1.7 2.6 0.34 2.6 12.7 0.37
2 2.6 4.7 0.76 3.7 17.4 0.81
3 4.7 7.4 1.42 5.4 23.7 1.47
4 4.5 7.1 1.43 5.4 21.6 1.46

Cell cultivation was carried out on a glass—water bath with in Lascelles basal medium containing 30 mM L-glutamic acid in the
presence or absence of 10 mM LA at 30°C, pH 6.8, under anaerobic right condition (4 klux).

Extra ALA : Extracellular ALA production
Intra ALA : Intracellular ALA production

3.2 7 ele] ALA s& =H

Gills (1983) 5% Ci8} Cs APAAZFH
Z+zd gA " ALAE ALA dehydrataseo] 9
3le] porphobilinogen®2 ZF =L} o] &L
g4 A3 AAd LAY 37l wige=
A EHe] ALA w57} F7Hea Rkl
Table 264 X uks} zbo] 7]Zuix]e]A 10
mM LAES A7} wiepsld A W9je] ALA
A wiskg AR 23, LA w37k A
e, TA HedlMe ALA F=7F A9 553t
gov}, LAS Arigrozs ALA $E9 ex-
tra/intra ®]&o] LA #]37} dju]e] w]-gHo
o 4~6u} Z7bskolet. of AT ALAS 2]
7197t 2 FAbl o8kA 4 A trans-
port systemo)] &&sl3 Y-S sk FAIsH
I glen, =g HEY ALA Fx22] A0l
FAHA s 227 EAEhs ALE AL
23 ol Zx AL LA H/hfkes
Methanobacterium thermoautotvophicum
(Gills &, 1983), Chlorella vulgaris (Beale,
1970), Methanosarcina backer! (Mau %,
1988) SoAME HEgu} g)ow ALA ¥x9
ZA7) o A3t A7 F8Ae] AH Q)
o}
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Table 3. Effect of levulinic acid feeding periods on
growth of Rhodospirillum rubrum N-1 and

ALA production.

LA conc. Growth ALA
(mM) (660 nm) (mg/1)
0 1.52 7.43

10 1.47 17.4

20 142 26.5

30 1.27 454

40 1.08 32.1

10 mM LA (initial) and fixed range of concentrations of LA
(mid-log phase) were added separately at the 3 day culti-
vation. The value for cell growth and ALA were obtained
after 4 day cultivation.

3. 3 LAQ] A& feeding &3

10mM LAE wis} 27]o] H71st o] F #
Z219] Y471 F7]e] LA 10, 20, 30, 40 mM
S 47 feedingdlel ALA A4S H3LE A
E3lgt). Table 3|4 Hi= ule} zbo] LA A
7hf el fste T8 FAX AVMG LA Bx
W9 Yol u|A71A¢) maximal growthel
vl el 30%7kA] AdEEe AH#E B
ALA A ME d47] F7]94 LA At
=24 HlFsld 27}, 30 mM LAY 7=
HY Al 45.4 mg/lo FEde. 2 30
mM o]’} LA FEME 4o F4e] A
5ol ALAS] Ao A3gE Bk wet
A LA 93 WA 39 M= 59 7IHE



ojasle] FA 9 ALA yieldE Z7}A)7]7]
213 HES}F A A Fofl Aok

3.4 ALA HIFEZ0| 25 A4

ALA AL Cy % Cs 2o &3l= A
TEAL 7Ptz Qg u|As wick ]
Z7F £ dA9 ALA F=E BHTgoEH
o] 5L 7|4 = 3l in vivo ALA A &8
ZAE3A (Fig. 1). A= ez sk
218t glycine®} succinate®] 4 ALA AJAbs
ol 10 mMS W 27| U 57 F7]e 4

Growth (O.D. 660nm)

(b)

N »n
(=] w
T T

ALA (mg/l)

Cultivation time (day)

. Fig. 1. Effect of glycine and succinate on growth of
Rhodospirillum rubrum N-1 and ALA
production. The concentration of each used
were 10 mM. Arrows indicate the added points
(at 0 and 3day of cultivation) : None (®), In-
itial phase (0), Mid-log phase (W¥). (a) Gro-
wth (b) Ex-tracellular ALA production.

ey ZTo| o5 HEEY SS9 Y4 29

Z+ Arkste] FrMA7 @ F9 AEE o
ALA QAAE ZAR A3, F9] F4)2 wjek
z27] 3 Q471 F70e AAUE o 4 7%8)
15%2] A% A8 d44E Hgo FA9Y
ALA AL olgl A d7] F7]el
7Y, st F 24X 7] Frbe Ao =
g3t 31mg/lel ¢]23lck. & C; FHE9
ATFEAQ glutamated W 7] @ d57]
Z71e 7t Artslte] FrAl7)e) - 7o A
£ 2 ALA S HES A, 79 A
SEE A7 FA el vz WA Al

20

@

Growth (O.D. 660nm)

ALA (mg/)

Cultivation time (day)

Fig. 2. Effect of glutamate feed on growth of Rhodo-
spirillum rubrum N-1 and ALA production.
30 mM glutamate was used. Arrows indicate
the added points (at 0 and 3 day of cultivation)
: None (@), Initial phase (0), Initial and
Mid-log phase (W¥). (a) Growth (b) Extracel-
lular ALA production.
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FA R oF 10% 9keh. ALAS AAHY
o] 5% W) 27] B2 4] F7]el 47
2&7} wjokate] oF 40%9] F53 FVIEHAE
ebfodeh. g9, wiekzr] 2 o< 7] Z71e) o
2 feeding@o23 ALA AAAJL 34.8mg/!
o =abeich (Fig. 2). wehA, 411»}] ALAS)
ot AU 290 71 sleiAE Al
Z 99 ALA F=7t $7K wE B d57)
o5 ATEAL o]43l in vivo ALA A%
e F83 ZAoz g o)A Ay
B 2 75 ALAY AL 38t Cy, Cs
27 YR EAshe Hloz A

Al

3.5 ALA MR EZQ| 5§ feeding 3t

wje} Z7]o] LA 10 mM3} glutamate 30
mM-g 71 F A7 F70d LA 30 mM
9 glycine, succinate ¥ glutamateE %X
HE A feeding T2 I3 F2 s =
ALA AApde] wizkg zA4skdet. Table 49
A B upgp Ze] gr] Il ATEAE
e Atz o AL 197 A 9
e vebision, ALAS A4S o F7
Eddl gF3e A4S el w3
27 10 mM glycine—-succinate, 30 mM glu-
tamate, ¥ 30 mM LAE E347 oz,
wloF 45 ALASFo] 75 mg/lo] E43le], 7]
Bujz)o] o8k ALA AR oF 40619 A

=

Ab ZEARE B o] A FAle ALA
Aol Co P Cs 2ol g3t Ao 218
Ha &S A AR, AF7HA] B
o] & (Choi 5, 1992A, Choi %, 1992B) 3%
FA AdY Co7t Cho FA e Faldd 5
A3ich.

42 £
EokollA Felgt B3 Add Rhodospiri-

Hum rubrum N-~1 T3] 28 §-amino-
levulinic acid (ALA) 2J&tel] gJe]A levulinic
acid (LA) ¥ ALA B¥A4 H=29 H7taxE
=31
1. Glutamate=S- A) 93} Lascelles?] 7))
Alell LAZ ujofz7]e] 10mM, o]F o
F7] 711 30 mM< A7 A3 FA
9le] ALA A2 33 45 mg/ld] =
&, LA =37} o8] 23w} F7}3}sich.
ALA AgAS A+EAHQ glycine-suc-
cinate (C4) ¥ glutamate (C;5)29] feed-
ing A3 wg2|/d47] F719 LA
10/30 mM &, glutamate 30 mM/30
M$ 72 A7kste &, d47] $71
oﬂ 10mM %9 C AFEAL HEs
AZbkgdezn vlAH7E dule] ALA
A o) oF 40w} (75 mg/l) Z7bskgH

Table 4. Effect of combinated feed of precursors on growth Rhodospirillum rubrum N-1 and ALA production.

Additives (mM) Growth (660 nm) ALA (mg/l)
Glycine Succinate Glutamate 3 day* 4 day 3 day 4 day
0 0 0 1.28 1.65 17.2 26.1
S 5 15 1.25 1.08 19.4 45
10 10 30 1.27 1.13 18.3 75
15 15 45 1.29 0.92 17.9 52

a Indicates day period of cell cultivation.

10 mM LA and 30 mM glutamate were supplemented initially to the medium prior to the additions of 30 mM LA and fixed ranges

of concentrations of precursors at mid-log phase of cell growth.
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