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ABSTRACT

The role of L-glutamic acid, a precursor of Cs ALA biosynthetic pathway, on the
production of 5-aminolevulinic acid (ALA) has been described in cells of Rhodospirillum
rubrum N-1. To the Lascelles basal medium the addition of both 30 mM L-glutamic
acid and 20 mM levulinic acid (LA) provided to increase the extracellular ALA yield up
to 40 fold (76 mg/1). By the addition of both 60 mM glycine and succinic acid, precursors
of C; ALA biosynthetic pathway, at middle log phase of cell growth ALA yield was
increased 27 fold (52mg/l) although the cell growth was inhibited to a certain extent.
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mic acid$} levulinic acid (LA)E Z+2F 30, 20 mM A 7pi<ko 2 49 ALA A o] 404 =
7} (76 mg/1)3kdct. 8 C, H=29] 7]A el glycine®} succinic acidE H47] £7]¢] zkzt 60 mM
Aoz y, 79 F4L2 JAHA Y #4219 ALAY 52 mg/lol] E3gdt
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fr71s a2 ZhE AAESA AN 22
oze BE FPYAT 9 A5AYol
FE-& w1 glvh(Kobayashi %, 1979). %
FAATA 3t AFA e FAEE B
YA E AR o] &z &R HAE
I3E A FEEHEA A ALY ¢ U= A
A 7T s FRAEAATY AR A
Bl £ 2F ojulwAle] 27 BEHo]
Aol A 2 FAMALERI 2 2A LA o] A
T geA It CMRER, 1970, DHRE,
1985).

A, #AgFA L o] AzA, B
AA Y 715E 2 "-‘?"7}7}7]’“ 714 vlg=2
Net=El3 9= FHo|r} (kobayashi &, 1985).
FPAAT TA Fole ATHNF ABAR
o2}zl Ubiquinone Qio ©}9] ®]e}9l B2 & ¥]
3 ZF9] viellst Aot g $HT 9l
o} (Hirotani %, 1990). #Zel|: dnjolalx
A EAo F&Ho T2/} ¥l ul Sl por-
phyring E§38l= tetrapyrroled 3}3tE= <)
heme FH-EA9] gtae) gt d77} b
3] AYE 2 9lo}(Hirotani 5, 1991). o]E
ZAY EAEe dF: FAYgR FulHz g
on] A Eufekel Alg AL 2 Ax A9
71%% #t= S5-aminolevulinic acid (ALA)7}
JEAQ Aol T 4 Ak A4AY AR
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5-Aminolevulinic acid, Rhodospirillum rubrum N-1, levulinic acid, Cs A&, C4

o QAR FA o4l FRHA AT o]
e FA9 2R olf F o4 A2 A
2o ol B 4 g Aoz Y
o,

Aua g ALAEZ oFEA, Hd4,
54 5 AzAzAY 248 FoG 45
AEAZ B3Fe] ¢len, 7|A analogueq!
levulinic acid (LA) 9 succinyl acetone<-
ALA #4829 A2 283tz 9le] LA
9] M7t oJsiM ALAY} TA|LZ Hnjf o
Methanobacterium thermoautotrophicum
(Gills 5, 1983), Chlorella vulgaris (Beale,
1970), Methanosarcina backeri (Mau %,
1988) ZdA HE=ZY I, aminotransferase
£ o] 83} 4, 5-dioxovalerate—alanined 8] &
A o] (Rhee &, 1987) RI15 3T 9t}
ALAY A 55 1283 $3Ed JdiE
FA goemA F2E dYgiosr mAMTE
(Fig. 1)(Rebeiz %, 1984) 39, ALAE
Trichppusia ni& BE3 o8] 5o 9 A
FAZAME 2H-43te] X153 gle} (Rebeiz 5,
1988).

A A Wl A 2] tetrapyrroles®] &AL pri-
me intermediated] ALA2] A XM ¥xo] ¢
3 2R AE49 ALAL: glutamic acid
(Cs 7 2) glycine®} succinyl CoA (C47 =)
2 ¥y 717} aminotransferase?t ALA syn-
thased] 9J3te] AA HE A2z g2z <l
o} (Chen 5, 1981; Burnham, 1970).
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Fig. 1. Photodymanic Action of 5-aminolevulinic acid in dicotyledons.

E AFAAME 7715 S Aoz 3y
FAo] Bolsl FASEr}t wA w2y f
714 HAeAEeE AYgez 3 ALAS A&
A AAto] o]Fo] A o FpAHPE FE F
AA 02 fertilizer =X herbicidesZ AJA+ 7}
T8 Aoz Amsel AH (Choi &, 1997)¢
A o8-8t FFF wiFAY AAEEHS T
3}5}7] $13ted LAY &) slellA ALA AEA
o A7EAR 283 glycined} succinate
(Co) 2 glutamate (C5)9] F2] H7F vl
ozt ALAS] AAH] W3tE 7R3l

2 dedz o WY

2.1 ARF ¥ ez

2 AYe AT ZFE EdN pe
Rhodospirillum rubrum N-1 (Choi 5, 1997)
EX glutamateZ A3t Lascelles (1956) 2]
7]¥4i %] (D, L-malic acid 2.7 g, KH:POq
0.5g, KoeHPOs 0.5g, (NH);HPO; 0.8 g,
MgSO4 - 7TH:O 0.1g, CaCl; - 2H:O 27 mg,
nicotinic acid 1 mg, thiamine-HCl 1 mg,
MnSO, - 53H,O 1.2 mg, biotin 0.01 mg in

1/ ddH:0, pH 6.8) 30ml (2x20cm cul-
ture tube AH&)o} A wiekd 0.1 mle FYst
3 30°C, 4Klux RE 3hA] 71" o2 AH
woFstalet. #71% wekAle] A2 100W &
28 HIgAFE AME-3l2n glass water
bath®] &ddA zAs e @9 S WY
N 9] F3}=-E 660 nm (spectrophotometer be-
ckman DU-68)d| A4 ehligl=t,

2.2 ALA &AM

ujefed 2}l 0.5 mlel] Mauzerall (1956) %
9] uhie) oz} 1M Na-acetate buffer (pH
4.7) 0.5ml=} 0.05ml acetyl acetoneZ 7}
g ¥ 1587k boiling3tgdel. Ao ¥z F
Ehrlich reagent (1 g p-dimethlaminobenzal-
dehyde in 42 ml glacial acetic acid plus
70% perchloric acid 8 ml) 3.5 ml& 7}3}o
2097 AgolA WA, Y 2-methyl-3-
acetyl-5-propionic acid pyrrole%}-& 556 nm
o] 243 ¥ ALA . standard curve (& 556
=9300 M! cm™!) (Choi %, 1992A)Z%¥
ALAE 3t AZssid.
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3.1 LA9 &1

LA¥ ALA dehydratases] A2 o=
A gled, g A7k werez FA ALA
FE7F FUKER Bad v Qld(Gills
1983; Beale, 1970; Mau %, 1988). Al&dj
AV8-8Y FF Rhodospirillum rubrum N-1:
712 A] Al M wiok oxte] Fo ALA F
E7} 2.0 mg/I24 Zo} spectrophotometerdl]
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Fig. 2. Effect of levulinic acid concentrations on cell

growth and ALA production of Rhodospirillum
rubrum N-1.
Levulinic acid was added at the beginning of
cultivation in range of O mM (@), 10mM (0),
20 mM (), 30 mM (V). (a) Growth, (b) Ex-
tracellular ALA production.
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g3 ALA 35 340 ZRs FEA
Wlel ol ALA A4 297170 2 7]
2975 AsME A TAY ALA FEE
FAAAL e Aoz Arsd. g
LAE 0~30mM =2 wjoF 27]|e) Hrlsk
F @9 FAF ALA A HE &3}
Ad=t. Fig. 201A By wis} ze] LAE 37}
Fst Az Fo FAel: Wit ddev
ALA?] AAMIL 20 mM F=oA 71 &
F&& Hod 10.5mg/lo] o] oA 2
= A (Choi 5, 1992B)el &3 Rhodo-
bacter sphaeroides TTXRT}t B o] ALLE}
Rhodospirillum rubrum N-1 TF7} LA
w2 Ao 2 ALA AAS Ho AR
2] Rhodobacter sphaeroides #FH} ALAS
AR o) 58 FFE AR

3.2 C, 42 H7&E g1

ALA AAb] sl Co A2 9 A3
Lascelles (1956)2] 7]¥ujz]o]| £ FFZ wjok
Al glycined} succinic acid®] $A] #H7}e) €
gk 7o FAF ALA AAre] wiskE zAH
o}, Fig. 3adlx] B uls} o] glycined
succinic acidE wjF Z7]4 27 60 mME A
7S 9 Zo F4ol 73] JAHE AFge
B} #H, glycined succinic acidS 27+
60mM& 72| ¥} 7] F71e) Wrhe ol
T FAL A=Y dA9] ALAE 52
mg/l o]A Z7}slelc (Fig. 3b). Lascelles
(1956)9] 2)3ld A|Aj%l growth inhibitor 24
9] glycineol] &3] £ #FF9 FAE g
AT A7) F71e) glycined A7l wFFL
24 ALA $=7} 473 F71s A4
glycinee] ALA A4S 3 Cy A=Y AT
Az A4k Aoz Alagd.
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Fig. 3. Effect of glycine and succinic acid supplements

with LA on cell growth and ALA production of
Rhodospirillum rubrum N-1.
Glycine and succinic acid concentrations were
simultaneously adjusted to 60 mM at the begin-
ning (0O), at the middle log phase (V), of vell
cultivation, and basal medium alone (®). All
the basal media contained 20 mM LA. (a) Gro-
wth, (b) Extracellular ALA production.
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ALA A#AY Co, Cs A28 HAHslo
Lascelles®] 7]Eu]x|o] % L-glutamic
acid?} Rhodospirillum rubrum N-1¢j2] A3
g]d A8e AEs}r] sl glutamic acidE
10, 30, 50 mM =2 ¥ A Fo| FA3
ALA g v G3FS AR
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AL 30mM ©]&}e] glutamic acid 7} wjek
A, dg7] S 543 Sk & 3hast
= dAE Yl (Fig. 4b).  Glutamic
acid 30 mMojjA] ALA AAte] Fdjz|= 76
mg//2# glycine®} succinic acid®] 7} u)
okr o] o ALA AJAreF (52 mg/l) B} 1.5
vje) F7VE X Rhodospirillum rubrum N
-1 7$ ALA A}A-2 glutamic acidE
A el AFEAR o] 43l C HEZE A3l
t Aoz AR,

o]Ate] As}= Choi (1992B) Sol LE3
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Fig. 4. Effect of L-glutamic acid supplements with

LA on cell growth and ALA production of
Rhodospirillum rubrum N-1.
The basal media contained initial concentra-
tions of 20 mM LA and following individual
concentrations of L-glutamic acid : 0 mM (e),
10 mM (0), 30 mM (%), 50mM (V). (a) Gro-
wth, (b) Extracellular ALA production.
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Rhodobacter sphaeroides TF) Cs 729 7
ok AR Axstg o), Rhodospirillum
rubrum N-19 ALA C4, Cs 7 Zd] #AHS}
d7 Z37F AR vF 91222 in vivo o)
A2l ALA A& w3E Y #4315,
ALA A3 24775 983 193t ALA
of Ak Frtel gt 7 Q3T AR
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.2 E

EF M Felgt BFFHMF Rhodospirill-
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714 el glycine®} succinic acidE % 7}3}od,
A 29 ALA A9 7|24l 475 314
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1) Lascelles?] 7Z}¥ujz]e] L-glutamic
acid®} levulinic acid (LA)S Z2z} 30, 20
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] %7+(76 mg/1) 31,
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acidg H57] F7]e] 274 60 mM A7tz
A, T FAL dAHGg T ALA
£ 52mg/l¢ 23t
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