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Rhodobacter sphaeroides®| 2%t &-aminolevulinic acid4d4to|
UM glutamic acid ¥ Zio} KExS At

Rl - AT - BAG*
aesta BETEI, TYETSATA

Z 8 : Rhodobacter sphaeroides F57} A3l §-aminolevulinic acid(ALA)®] At o)} #ale]
in vivo, in vitro ZdollA 714 W A HFEE o] &3l) HESAT C ALA AFAAA
o3 ALA yield thvle] C; WA A& ¥&2 in vivo FolA 07881 WA, in vitro
Aolirde] Hl&2 13701tk C,, Cs Z+ Ao 717 H7} wjcko] 213t cell-free systeme] C,,
Cs A9 ZREE w37} widell 93 system¥ wWsle] 7bz}h 135, 1528 F7hstglou,
2718 A g AuiAle) 2BEs A=, C,o G AV 47 091, 0.830.2 el
Y-Glutamyl derivatives®] XX uptake ratest L-glutamic acidE 7]& 2.2 B|@3) 4] D-glu-
tamic acid, 0.55: D-glutamine, 0.5: L-glutamine, 0.4: Y-L-glutamyl ethylester, 0.3: GSH 2
Glu-pNA, 09] A8 B} Uptake rate} #A|Q10) in vive ArollA L-7} D-glutamineo]

L-, D-glutamic acid¥.t} TA) ) ALAS] At QlojA] ztzt &

d 49 89 A4, 19939 5¢ 309 4.

8-Aminolevulinic acid(ALA)E= AH oA hemes,
chlorophylls 59 B4+ A 74 T4 E49 cyclic
tetrapyrrole 2] prime intermediate® #}-&3}0,1? o] g}
2o AT F%e Feed-back Ao 7)Fe] o3}
4d3] 2dEE Zi"i g A 315}3’ 5 F/9 ALA
AERAZ RS Qled, $570 A7) 5714
A F0 FolA F=2 %‘7&5]% Cs A& ALA syn-
thaseo] 2]&teo] glycine®} succinyl-CoAZR-E AFH
ALAZ} 455 vbg, ABU-D g u-0 9B 93]
ATFO FellA Hilge] & C Ax ATt
HE2F0 D UG8 FHA T2 ST I EA
U5H I e Ao Z, glutamic acidZH-E 3% H47}
#olgh =, ATPS Mg't 9&A4 glutamyl-tRNA syn-
thetase, NADPH 2]&A glutamyl-tRNA synthetase,
NADPH ¢]&4 dehydrogenase 2 pyridoxal phosphate
9]&A) aminotransferaseo)] )3+ sequential ALA A3 3}
PO 2H, o5 ALA AFAAE M=z 2shge) A
Ado) A71E], BF7FA ZyolMe) ooy} EoHn
ATEOP stH, ALAE 72349 B2 ARy A8
At deixoz g, 9 oidx]e) &% pchlideo] ¥
Ao Qg 99 AXE HyE do IAE A
= A2 Ade) Az €4 BAYE FE w3 gtk

yield?] Z#E B rK1993

AEEAR ZHA AAYS e ALA9 AS ¢
A o5 ALA AAdAe] 2E A 2 24 717
e AES} olFolAof gt AR ¥HF FFAE Al
ol 9§ ALA Ao 3lolA G Al ArEER
4# 3 glutamic acid7} L EEE F7HA7)E AR
oln] B vt gick 2 o] =RAE AF7A ALA
A C AE F2 o)g3a HuFo] & Rhodo-
bacter sphaeroides TF*?77} L-glutamic acid ¥ ©]9]
FEAZ FE CGAE o83t ALAE APEse &
48 C, Aol 3 ALA A2H83 v, gk

>

BEF ¥ sijg=z

B A5 ALg& #FF Rhodobacter sphaeroides IFO
122032 KIST fAx 2302 HE Eddgict Cul-
ture tube(2X20 cm)E o}-&3} glutamic acid7} )& E
Lascelles®] 71®u)x]?® (D, L-malic acid 2.7 g, KH,PO,
0.5g, K.HPO, 0.5g (NH,),HPO, 0.5¢g MgSO, - 7TH:0
0.1g, CaCl; - 2H,0 27 mg, nicotinic acid 1 mg, vitamin
B-1 - HCl 1 mg, MnSO, - 5H,O 1.2 mg, biotin 0.01 mg,
Z54 1/, pH6.8) 10 m/ 9] air phaseE AL7l~2 &,
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FE HE 30°CY glass water bath Aol Al &2l
AATE ARE 4Kluxe] 222 ALY 397+ &
A A3 wjoket A gd 2miE YA 2Q2HE
Etlenmyer flask)el <9} & A wiokd# TAsA ¥
Z1F oz A vjkdtAe). 2%+ Illuminometer(SPI-5)
2 ZAsIgon, #Ae F4=E 660 nm(spectropho-
tometer, Hitachi Model 100-30)o141¢] &% ==& 1}el
Hich

Nz

In vitro ALA MEhd

e Al 719 ufokel 20(5.0X 107 cells/mi)E 4°Col} A
10,000 rpmo.2 10%3F AL 3] 7] cell pel-
lets-3- 50 mM phosphate buffer(pH 7.0)2 23] A4 &,
FZ3l 5 buffer2 & 4°Coll A French press(16,
000~18,000 ps)Z #AE ¢ & 1mM B-mercap-
toethanol/50 mM phosphate buffer(pH 7.0)2 #7151
HE 40m! §F9 AE FEAo] HEF Yt Cell-
free ¥k 2miel C, AE o] & ALA APDE
93t 50 mM glycine, 50 mM succinic acid, 370 uM
coenzyme A, 300 uM ATP, 270 uM pyridoxal phosphate
2 5mM levulinic acid(LA)7}, Cs AE o]&3 ALA
A0S gir= 50 mM Na-L-glutamate, 300 uM
ATP, 500 uM NADPH, 270 uM pyridoxal phosphate =
5mM LAY} Z+2} &3 24 3ol Al ¥ks- 37°C in 50
mM phosphate buffer, pH 7.0) &, A17F &9l 2 100 W2
Fste] Ao X 10% trichloroacetic acid 0.1 m/Z 7}
3te] 1A17F AR 3 10,000 rpm o E 1087 AR
gl el ALA%HS Z43isich

ALAS| HZ 24

A5 AL Mauzerall 59 W] F3}e3 1M Na-
acetate buffer(pH4.7) 0.5 m/¢} 0.05 m/9] acetyl ace-
toneS 74k £ 1587 7tdste], F4E 2-methyl-3-
acetyl-5-propionic acid pyrrole®”& Modified Ehrlich

reagent®” (1g p-dimethylaminobenzaldehyde in 42 m/
glacial acetic acid with 8 m/ of 70% perchloric acid)
35miE vhate] 2087 AedA whg, AdE F4
EAo THEE 556 nmoj A &4 ¥ ALA standard
curve?) (6;5=9,300 M 'cm )E o|&3)H ALAYS ¥
A3teict

3

T 7] skl O.D. 09 at 660 nm) 30 miE
10,000 rpm . & 10%:3F A4 Eelste] £el cell pel-
let-2 10 mM phosphate buffer(pH 7.0) 10 miZ &=,
ARBARL 23 HHEI F active transport system€]
AE L o3ty wkgAE 243Uk 1% D-
glucose’} &8 10 mM phosphate buffer, pH 7.09]
660 nmo) A2l 0.D.7F 1.02.2 EAE cell FE 900
wel L-glutamic acid, D-glutamic acid, L-glutamine, D-

e

ofo|iitel MES Fot £
1=}

glutamine, glutathione, reduced(GSH), Y-L-glutamyl
ethylester 2 Y-L-glutamyl-p-nitroanilide(Glu-pNA) #t
10mME 747 Egstgch Uptake rate®} 43 4&
et FA ¢ &8 = primary amino groupS
5% sodium borate &-}(pH 9.5) 4Fo)A] 2, 4, 6-trinitro-
benzenesulfonate(TNBS)* ¢} uHg, 30°CelA 308 &
399 pyeryl adducte] 213 yellow color?] F3%
420 nmo)| A 24 3+F THE e =10,000 M~ lcm 1>,

it

Al ot

ALA, LA, coenzyme A, ATP, pyridoxal phosphate,
NADPH, p-dimethylaminobenzaldehyde, GSH, Y-L-Glu-
pNA, TNBS, B-mercaptoethanol, L-glutamic acid 3 L-
glutamine-2 Sigma Chem. Co. (USA)Z%-#], D-glutamic
acid® Kokusan Chem. Co. (Japan), D-glutamine-2 Na-
karai Chem. Co. (Japan), trichloro acetic acid, 70% per-
chloric acid, glycine & succinic acid¥ Junsei Chem.

Co. (Japan), glacial acetic acid¥ Duksan Pharmaceutical

Table 1. Alterations in extracellular ALA vyields by precursor supplementations during the cell cultivation of

Rhodobacter sphaeroides

Growth (O.D. at 660 nm) ALA (uM)
Precursors (mM)

Initial Mid-log Initial Mid-log
None 1.78 1.78 50 50
Glycine + Succinic acid (60) 0.35 0.72 12 69
L-Glutamic acid (30) 175 1.81 58 89

Each precursors were added initially, or at the mid-log phase (64 h) of cell growth, to basal medium containing
30 mM LA, separately (data from Choi, et al.*?). Determination of cell growth and extracellular amount of ALA

was performed after 112 hours of cell cultivation.
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Co. Korea)zXE] 7+z} dsldch
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HTER Aot F3t

Rhodobacter sphaeroides®] W% = C, Cs ALA A%
AAS AFEE H7F A717F 74 9 ALA Al n)
Ae &S AEF 27 ALAY AL Z712 g8
Cy, G AL AT EZES 7] F7]0 drlske
Aol Mg 27 Hvtel o A R} Anpdc] HAeo=w
e THTable 1). C, A /A2l AFEA glycine}
succinic acidg ®iF =71 B dl57] F71e Hot uik
oz A% 7 FAY IA adte 7Hz 80%, 60%0l
gt et G AgAA 2l AFEEQ) L-glutamic acidol
M e Hrb Al7Iel #Aglel Tl F2el wEiv)
Kol gfsivy. ALA RS 9ste A9 giE C,
Ao elEshe oz &I B dFol G A Ay
E4¢] L-glutamic acid& %7] 2 th47] =74 A7}
vjFStm 2 Cy ATEA H7L wiol 93k AR T
9] ALA &9 3lolA 3]e] 24zt 4.840, 1.380¢] yieldE
el At

In vitro ALA AM8IAM &0

Cell-free system ‘gl A2} AT 53 Hrjo) &3 ALA
A &= Hsle AFEA in vivo H7) W¥e R
A& M2 9 ALA 9] 83l - H(Table )3} 4olF
ARE Ve AHFig. 1). &, in vivo 7L WEA Cs
AFEAY dir] F7060A9) HrE wF iy C A
7840 95 ALA yield ¥l go] 07821 wa Fig 19)
AR z2E ALA yields) in vitro H-&(CY/Cs)& 1.370]
At WeEbAl, i vive dollA Cy ATFEE 23 A
9] ALA yield7} C; ATFEFE FH/t w2 Be Ro]
oA F24 oA didel 4F3] 7]Uddta e AeE
A A =3 o] Cp, C ATFEREO] in vitro A
ol ALA g wrs-Alel 42t o] & H = 2M, v}
lv]e] ALA Q34 Z45=rt 242t 44, 3uie] 27} &
A4S BPh Cell-free system Aol Ae] ALA A<
H Ao =G3e=d 229 A7 oF 1247k Wi,
in vivo ‘gel 712 FH7F wigoz <3 AT 9 ALA
Fe] Ao =2d7] 5t oF 48A)3to] Lo FH
(data A=), in vitro®} in vive A 23 Hu ALA
Follo] = 40 AZbo] T 4u) 9 }o]E vehAUTH
In vivo A9] o]} 22 P42 7t AFERAEC] TAY
g Fo] 1Erz EAElE M ATFERS
FE&& ol AAA FAA L FASE 3, F4%

ALA7} ixgoz gHlse H4 g9 247t 7]
Jdshs Aoz sAdDh

230 25t ALA MEMAH wsio RE

Table 13} Fig. 18] 23+ 2 FF7F ALAS] AFAES
A% Cy, G AZ T3 AHL S A8HAl A3 Atk
A 9f ALA Ao S d4do] ©A AT7EE ¥
Wil 7]esln glevk, T& ALA AEAAY Axy
g4 Wiz Zigleln devl T2 ALA AF4A
AEY &4 dseMz ZIRlEln derkE #Rls)
st FA wigFe] thg=7) F71o) ARLERDE 747 fee-
ding 3 24 )7t g3 #AQ] FEHS o] &3], ALA
A3 o] &2 (V)E ZAMSItHTable 2). Cy, Cs A9
ATBAL 27 vi47] F710 Arhst § 24413 vk
#FA 2 B 2A) % cell extracte] o AgAA LV, &
u] ¥7le] A9-9 A H53F AAE Jehlgdch 3,
ATER HI} wjoko] 2F] ZA)E cell-free ¥H-g-A 9l
WAl el Myl E43) 5AdF AFER] v S of
Cs At Cs A9 V, 3& 7129 9] Hr} wjgol] o
cell-free ¥FgAIS C, Cs AlY V, 3t tH[EX 1359
152wj 4 2Ztz}y Z71g whd, V, gho] F7ket AgdA o
0g g9 V, gL V.C,=0917 V,C;=083u]=
248 FFs YA AFERD HE uiege] %

20 T T T T

0 5 10 15 20

Incubation time(h)

Fig. 1. Substrate dependency of the ALA biosynthe-
tic rate in cell extracts of Rhodobacter sphaeroides.
Time course analysis of in vitro ALA forming rate
was carried out in the absence (O) or presence of
50 mM C, (@) or Cs (V) precursors. For other condi-
tions, see Materials and Methods.
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cell extracte] e} AgHAdA N 213t V, 2he] && H7}
Ao ZF BAgle] v A wjokoll 9T cell extra-
csile) 1A BT} 15% % g JVehAQTh £3 2t
ALA A3AA L AFEAL B Hrbete] s
TANZEE ZAE cell extracto] 23 2z} F 1A V,
el ol dwhel AYEA Hriol o3 oAn A
xpolE HolAl ¥ttt oo ArmBE w9 ALA
Ao 7 o] ddor Az vele AFEA

Y-Glutamyl derivativesoi| 2|3t @ 2] ALA yield|
b5t

B dF9 BY Rhodospirillaceaektol) £3l= Zoz
dEA e B fd el Rhodocyclus gelatinosus KUP-
747F7F Cs ALA AFAAPE 2t 9l o, L-glutamic
acidE H]#3 Y-glutamyl derivativesE 7)o H7} Hj
FEtm 2, A 9 ALA A2t Ae] delayed induction
Aol A Baug vF vk v-Glutamyl derivativesol
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Fig. 2. Determination of cellular uptake rates of Y-
glutamyl derivatives for the intact cells of Rhodobac-
ter sphaeroides. Relative uptake rate indicates per-
cent ratios of the uptake rates of compounds relative
to that of 1 mM L-glutamic acid. Uptake rates were
calculated from the residual amounts of primary
amino groups in reaction mixtures using the method
described in Materials and Methods. 6 minutes was
required for 1 pmoles uptake of L-glutamic acid into
cells as 1 mi cell suspension O. D. 1.0 at 660 nm.
Symbols used for L-glutamic acid, {O); D-glutamic
acid, (@); L-glutamine, (v); D-glutamine, (¥); GSH,
(O); v-L-glutamyl ethylester, (m); Glu-pNA, (a).

o3t A 9 ALA yieldo] dojxe] tiekido] ATP,
Mg** o]&A] glutamyl-tRNA synthetase®] Y-glutamyl
moietyd] tjg So)iddl F=2 7|8k Y7t obyA
ol st Ee) AET F3} Hrol 2olo] 9@ AUNE
gsty) At o] HIE
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Fig. 3. Increases in extracellular production of ALA
from the cells of Rhodobacter sphaeroides by supp-
lemented cultivations with Y-glutamyl derivatives. (a},
Cell growth; (b), ALA production. Arrows were indi-
cated the addition of 30 mM of each compounds
with 30 mM LA, Symbols used for L-glutamic acid,
{O); D-glutamic acid, (@®); L-glutamine, (v}; D-gluta-
mine, (¥}); GSH, (0); Y-L-glutamyl ethylester, (m).
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D-glutamic acid, 0.55: D-glutamine, 0.5: L-glutamine,
0.4: Y-L-glutamyl ethylester, 0.3: GSH % Glu-pNA, 0]
A2 Lglutamic acid7} 718 W& 53 £58 Ry}
(Fig. 2). e}, o] gEE9 vl57] %71 feedingdl
& A 9] ALA yield?] AN E 3 &£57) 2|3t
GSHS9} Glu-pNAE A 9J3lune H¥u B3 &9 ALA
A3 b dFAgo)] Ao ATHFig 2, 3b). 53, L-
glutamine©] L-glutamic acid B.t}, 18]35 D-glutamine
o] D-glutamic acid Rt} z}zt #4] 2 ALA9 5L &
Y 371 A7 AThs olF BuEY AXT F3 2ug
i Ee FdE JeRItiFig 3b). 3, wlg 47
F7)e] H7tEA, A F4& L-glutamic acid, L-
glutamine ¥ GSHel| 9|8l F7sH= &35, D-gluta-
mic acid, D-glutamine % ¥-L-glutamyl ethylesterell ¢
3t dAHE EAE eI CHFig. 3a).

oo

Rhodobacter sphaeroides®] ALA 33710 Haix =
C, Alg) EA7F 459 o)al, =39 purple bacteria®]
A7 P90 o3hd, C, ALA BFAAE ol 3t
TEoR ERHm 9lon ALA AE4AZ BE 449
‘phylogenetic tree’ ol <&l B3IA AF = NF
Astd Fo Yoz Az ok ALA AFPAS
#13t] alanine-4,5-dioxovalerate transaminase*®7} &1
= Al 39 Aol #3 A7 At FZ Rudy G
ALA A4A9) AsiAQ gabaculin®e] olste] 3]s
A g ez deA glod, o] F4A Y porphyrin
ARAE A3 oo obF wWEx UX gm Yok

ALA dehydratase®] 733k A3l LA?7} i3
N8 AR FAE vdste FHAA 4 ALA BF
gAY ATEAES WY U] F71 HArkete
Z7H0 7 ure FA) 9| ALA yield7} 712 w37} vl %ol
25t Ao yield2XE C, A7E2 A7 MG = 144,
C; ATEA o3te] 1802 HEe Hud ¥ F7}
AHe Byed, 34 C, AFEE A7 o dA F
2l9] AA A THEIH B TF| ¢ ALA 4T
A= ol dwre] Ay 53] oEste FoEe
#H 4= QIZcKTable 1). A 9= dl44 ALA ¥
HlE op7ldhe A3e A FE49 ALA ARAE
o] 43t ALA AEA &= ¥4 HAIHTable 2)& o=
o] ATED Hul i o3 gAY FEYo R
2y wdsle 2 $AAY inductiond, Jow Y
o Agd A eptre] FAAI} repressionH
Fgor yepdomM o7 <l TFo EX AE
Aol FEs=09 o] 5 ALA A3AAY B 22 7%
A7t 3 EPEA ANE Aoz Alsdth L-Gluta-
mic acidE ATEFEZ 3 G ALA A= 994
3o T3l glutamyl-tRNA synthetase’} 2g ut
23814 Y-glutamyl group®} AA} 3 W d tRNA 719
esterification® 2 5B Al&}ste Aoz A k™
Fig.2, 3clA¢} o] M=t £3} £x7} L-glutamic
acido]l W&t 40% Hx st QhE= L-glutamineo]]
& X in vive o] A 2] ALA AYAtEko] L-glutamic
acidel 93k 1A Hr}l 14% 713 2323 H, gluta-
myl-tRNA synthetase”} synthetase &4 ©] £ = hyd-
rolase A= FH3lL v Aoz FHIHH, foA
AFE vie} o] B g9 G Aol #3t= glutamyl-

e
o
Z

Table 2. Effect of precursor supplemented cultivation on the ALA biosynthetic rate in the cell extract of

Rhodobacter sphaeroides

ALA forming rates (Vo)® under the

Precursors proposed system® for

supplied® (mM) "
C, pathway Cs pathway no addition

None 1.71 1.30 0.50

Glycine + Succinic acid 60) 2.30 1.08 0.50

L-Glutamic acid 30) 1.56 197 0.45

C.+Cs precursors (60+30) 1.68 1.79 048

a) Each precursors were independently added with the fixed concentrations at the mid-log phase of cell growth
and further cultivations were carried out for 24 h, prior to the preparation of cell-free extracts. b) The values
of initial velocity (V,) indicating pumoles ALA formed in 1m/ of cell-free extract per hour were estimated from
the progress curve data obtained by time course plotting of ALA contents in cell-free reaction system decribed
in Materials and methods. c) Conditions of the systems in which ALA was biosynthesized in vitro were in Materials
and Methods.
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tRNA synthetase”} @A Ao 2 g #3lE gluta-
myl-tRNA synthetase®} £43F 242 483 7|29
B ool A7|A) o2 B B o, C,
ALA A94AE ddste pAEAY ALA A
M Y-glutamyl derivativesdl] 29Jgk Z+ mlAE =9
ALA A4 yielde] thdd-S $83]) ZE F, o2 585
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Effect of glutamic acid and its Y-derivatives on the production of 3-aminole-
vulinic acid by Rhodobacter sphaeroides

Kyung-Min Choi, Wang-Jin Lim* and Se-Young Hwang* (Department of Biotechnology,
Korea University, Chochiwon, Choong Nam 339-800 and *Institute of Biotechnology, Korea
University, 1, Anam-dong, Sungbuk-ku, Seoul 136-701, Korea)

Abstract : The effect of §-aminolevulinc acid (ALA) biosynthetic precursors and related
compounds on the ALA productivity from a strain of Rhodobacter sphaeroides has been
examined # vivo and in vitro systems. The relative ratios of ALA productivities by Cs-
pathway to that by Cs-pathway in vivo and in vitro systems were 0.78 and 1.37, respectively.
Although the expression rates of C,- and Cs-pathways in cell-free systems prepared after
precursors supplemented cultivations were increased 1.35 and 1.52 folds, respectively, the
rate increase of C,-pathway was accompanied by the rate decrease of the Cs-pathway, and
vice versa, as that the rates of both C,- and Cs-pathways were lowered to be 0.91, 0.83,
respectively. The order of cellular uptake rates of Y-glutamyl derivatives relative to that
found with L-glutamic acid were shown to be D-glutamic acid, 0.55: D-glutamine, 0.5:
L-glutamine, 0.4: Y-L-glutamyl ethylester, 0.3: GSH and Glu-pNA, 0. L and D configurations
of glutamine were indicated as better substrates in vivo for ALA yields than those of
glutamic acid, respectively.



