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Rhodocyclus gelatinosus KUP-742| £2| %
d-aminolevulinic acid A44te] A

MY - HZE - AT - FYA - THY* -
et PRI, AR IFATE

o

FE ! EYo2HRE §S-aminolevulinic acid(ALA)S] A2HAo] 9431 ZEANF KUP-747F
F5 283l ferd 42 AES Ay o] ITFE Rhodocyclus gelatinosus 2. E3 H Yok
T wjgS 30T, pH 638, 4Klux B2¥l Zzrstls 8713 Fx)ugsigon, v 109
Z-9] A 9] ALA AAFE 5mg/io)2it). L-Glutamic acidE #)9) 3} Lascelles®] 7]&u)2]0)
glycerol 0.5%(v/V)E 7} v o 25 ALAE 8 mg/I7t A E71819.2H, glycine™ succinic
acidg Zr 10 mM 7} vjdgre 24 12 mg/e] ALA7F AA4rE it 30 mM glutathione(redu-
ced)] FH7lujeke] o)dled ALA MALS A3} =9iem, D,L-glutamic acid 2 D,L-glutamine®])
o9&t ALA A4bo] late induction §o Hi 21 mg/le] o228k ALAY FHui Ak
AQ85E wGAITEL ALA A #F C,, Cs pathways®] precursors H7HA] z+zh 107
AlZHk 262417 0] 9t 712 u) x)o]] 10 mM levulinic acid(LA)$} 10 mM glycine S EA]o) A7}
HjFsto =M ALA AAMES 40 mg/lE Z713tvh19929 49 109 HS, 1992d 59 29
F)).

Vitamin Bi,, porphyrins, chlorophylls, hemes %<]
FATZE FASH= tetrapyrroles®] precursor metabo-
liteQ] 8-aminolevulinic acid(ALA)’&= #H2Z Z&uj o]}
porphyrin E37% ¥/ A3 o|8H 1 glon, 53
GAE, Babq] A dgAoz 44g Byt oz,
£ Y22 739l photodynamic herbicide® =
S LI Ik A ALAY YA A 98ty
aminotransferaseE ©]-&3t 4,5-dioxovalerate-alanine A
o] EAIHYI Methanobacterium thermoautotrophi-
cum,” Chiorella vulgaris,® Rhodobacter sphaeroides” S-2
ARG R a9 Afdo] AlEEo] gtov] S Nagai 52
K. Sasaki §7& Ao vX= uld A2 Hrt
A7), % T FFe diste Bug vl gloy o}
THH AAGAdE ol2x] E3ln P Atk 4
EA19] ALA+= glutamic acid(Cs pathway)r}, glycines}
succinyl CoA(C, : Shemin pathway)®2%¥] z}7} amino-
transferase®} ALA synthased) ¢J3}e] AFPAEE= Ao
2 4#HA Ak Cs pathways F2 25,1119 jlgae, B
AA-F71H MgHS0 B, C, pathways 58,79
A 524 AdD o) 2As ] ghon o5 A
314 A=z 2|3 tetrapyrroles?] AXY % Z=He

Jg o

ALAel A& 71 94T AV Sle RAeE
Budn vk 9 FFAATY ALA AP BEe
Rhodobacter sphaeroides,”™ Cyanobacteria®7}v 242 Cy, Cs
o] oJ&3l= AeR RIFOEXR EA speciesEHEH
ALAY &7 A F=E diMe WA ALASEA
ZF7F #3 A7UF 27 vk B dFeAE
ALAS] FHA S 93 72T dsez AA
Al FFE ATFEEE ALAS Aol 53 &
T& &8 3T 79 Y% ¥ precursorse] 9%
ALA B = 231& ggsigen FAl glutamic
acid 2 #E 5354 93 ALA A late induction
a4 5o #3 I7E FYPIAh

ERET

ALA nMakrFol 2a|

Uz Aol AHS EY, A%, = TLEREY
A EE-S Lascelles®?] 7)Eu}A|(Na-L-glutamate 0.5g,
D,L-malic acid 2.7g, KH:PO, 0.5g, K;HPO, 0.5g, MgSO,-
7H,0 0.1g, CaCl;-2H,0 27 mg, nicotinic acid 1 mg, vita-
min B-1-HCI 1 mg, MnSO,-5H,0 1.2 mg, biotin 0.01 mg
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in 1! ddH;0, pH 6.8)F glutamic acidE A9 20 mlE
50m/9] viale] FYg &, AHI A 89 saline 45
1m/E #H7}8}, air phaseE A4 712E X883l 30
T, 2% 4 Kluxatel A 33 F A %g o} Lascelles?
718 agar plate HiAle] BF, TY v¥zydA 343
HiFale colonyE ¥#3tAth 89 dF< 47t 5
ml§ vialg o] g3t} 3UZt FriHoz AR u|gEst,
ik ool Fo] ALA FEE AFEASYh

e TF % ALAAAol 7§48 KUP-74
8 ¥718 FXHE0T, 4 Klux)dtel| A 3U 3t wjtgt

A5 potassium phosphotungstate 2 *}2]3F ¥ 10,000
X 2.2, 4000X2.2 u]-89] electron microscopeE A L2
Fusty 54 2 FAe o3 Axe $JEYE #
Z&Gr). Gram g4 2 A 4L vt g AAES
(10,000 rpm X 10 min)3 ¥ A E saline} o2 AEHF &
Hucker®d® =} Dorner S )35k @AW bacte-
riochlorophyll®] ZAl= 1ml Higd-S AR S F
AE 60% sucrose &N 1m/o] HAEIF A8 2 actone-
methanol(7 : 2) 1m/2 &% A89 FAEE 7tz
spectrophotometer(UVIKON 930, Japan)® =73ttt
04% Gelatin®} 1% starchE 2}t 363 o 7)1 2]
Ao EEdFE AEshe] 3UT wik ¥, HgCl-HCl
gzt gor gAog Husle olg9 EITHE
AES Gk 1 99 TP HL “Bergey's Manual of Sy-
stematic Bacteriology” ol &3} ¢}

w2z

307, 4Klux 25 3pollA 347 E7) Wi kG ml vial)
gk ekl 1 mlE 70 md wiR](100 m/ vialel]l FHE3ldd,
E=Us ot 2ANA X vjoksls . Anaerobic light
HiGEAl FUe 60W ElaEl WigdHTE ARG o
z%9 #AL lluminometer(SPI-5)E Al&& it
Ao ZALw= wjokalS 660 nm(spectrophotometer,
Hitachi Model 100-30)914¢] &Fxg Yehhgich

ALA 4

Wi o 05miol Mauzerall D. $¢ WHE®d)
w2} 1M Na-Acetate buffer(pH 4.7) 0.5 m/¢}+ 0.05 m/2]
1527 boiling, WZ+3}ar
Modified Ehrlich reagent(lg p-dimethylaminobenzalde-
hyde in 42 m/ glacial acetic acid plus 70% perchloric
acid 8 m/) 3.5 miE 713 2093+ Aol A B, M B

acetyl acetoneg 73 &

2-methyl-3-acetyl-5-propionic acid pyrrole®"& 556
nmol| A 2338 th-e- ALA standard curve(esss=9300 M™!
cm HERE ALAZ 34 Aok

Chemicals

8-Aminolevulinic acid, levulinic acid, L-glutamic acid,
L-glutamine, L-y-glutamylethylester ¥ glutathione(re-
duced)-2 Sigma Chem. Co.(USA)Z %8, D-glutamine}
D-glutamic acidx= Z}Z} Koksan Chem. Co.(Japan), Na-
karai Chem. Co.(Japan)Z%E F43Htt

2 =

ALA DM ZaEiFFel 33

£2§ AF KUP-4dtFe geshzoz H(H7A
05umyo 2, HRE 712 U2 H(Fig. 1(a), (b)), Las-
scelles?] 712ujxE &% ¥7|H, FEPEKux)st

oA 30T, 39 wieF Fo colony: 27 3mm ¢392
Remoz HAASL YehlYch Gram g4 23 &4
oz xzR= AR 2otk 60% sucroses ﬂalif}
TFAE A 370, 590, 810, 870 nm(Fig. 2(2))E, A2
acetone-methanol(7 . 2) $&&-2 360, 460, 490, 600,
700 nmo) A F% HNXE e AhFig. 2(0b)). ©1 Aumax
spectrum-& purple nonsulfur bacteriadl TEH, AH
A 9] bacteriochlorophyll a2] spectrume. 2 #<¢1=Aut
3+ Bergey's Manualoll 2318 Rhodocyclus gelatino-
susTto] purple nonsulfur bacteria species 5llA] gela-
tine] A3}7} 7153 FEo g deA Jded,® KUP-74
T gelatin testol| Al positive ZHE EeRH]T) 71e}
ety A4de ZE3 23 KUP-74 75 Rhodocyc-
lus gelatinosus$t B4 Ay E3F& e
(Table 1).

Glycerole] &z}

#9 ZA3 ALA A4 "X glycerold] H&S
AE3Yh 2 A3 7o FHoe glycerolo] FoE
et QS JERA ko, ALAS BAHES gluta-
mic acidZ A3 7128 X glycerolE 0.5~1%(v/v)
A el Frhstd widstae O AN o 40% T
Vet 1 99 FEoAE 77 glATHFig 3).

Glycine®} succinic acid?| &I}
B3 M el Cy(Shemin) pathwayel] 23 ALA A3
Aol 9lo] precursors! glycine®} succinic acid2] 7}t
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Bjeko]l ALA A9 WX 9Fg HESS . Table 2
oA B Hkel Zo] 10 mM glycine®} 10 mM succinic
acid9] FA] /12 wASK stationary phaseolA] ALA
Axto]l . oFrkel ALHTH o 20 FUlslPem 1 ¥
ALA®) Bxrl Zashs A¥L Bgow, 1 o4l
FroME T2 F24 2 ALA Aibde] F43] AstHe
g el 79 S48 succinic acid 7)ol
giiAe ¥ o 4TS TR gskoy glycine 10 mM
oS AMEIAE AF ZA AdAES HYth

Glutamic acide} 2 R Aol F3}
ALA A9 Cy,, Cs pathways} ##H3}ed Lascelles
718 R FFE glutamic acide] A gL ¢

Fig. 1. Electron micrographs of Rhodocyclus gelati-
nosus strain KUP-74.

Cells grown for 5 days were negatively stained by pho-
sphotungstic acid. (a) The cell was magnified 2.2X 10,
000 times. A flagellum was seen in the right hand of
the cell envelope. Notes the thin rod cell shape with
mucus production. (b) The cells were clumpy together
because of mucosity (magnitude 2.2X4,000 times).

olr 7] 98l glutamic acid F%7} 9 F247 ALA
Ao v A= 93-S A& Glutamic acid 30 mM
FE/AE 79 A&7 vEHAos FUhEeY,
1 o) Ae] FRAME FUlEkA g9k ALA A%t g4
30 mM7}A1¢] glutamic acid 7ol ojste] HRHoR
Z7H8FE T 1 014e] Arhe ALA A4de] EE 9%E
Ho|A] kgron} ujdFr|(150A1Zhe ALAS] Ato]
SE57] AFshe @A4ate induction)2 FHEE 2
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Fig. 2. Aborption spectra of bacteriochlorophylis from
Rhodocyclus gelatinosus strain KUP-74.

(@) Full grown culture broth 1 m/ was centrifuged(10,
000 rpm <10 min), and the cell pellet was suspended
in 60% sucrose solution and measured the absorbance
by UV-visible spectrophotometer(Hitachi Model 100-
30). (b) The obtained cell pellet by same procedure
described in (a) was suspended in 1 m/ acetone-metha-
nol(7 : 2). After centrifugation (10,000 rpmX10 min}
the supernatant was used for analysis.
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o] tHFig. 4). Glutamic acidoll 23t ALA9] late in-
duction @S FH37] 98t glutamic acid #E
EL 247 glutamic acidE A& Lascellese] 7}
o] 30mM w22 47t wjgEte] ojgo] #9
4 9 ALA A2kl nRe 93E AEIT) Table 3
NN KBe vie} o] FEA A7} wjdel ot F2

Table 1. Physiological properties of the isolated strain

&= WIslA gkent, ALA 232 glutathione
(reduced) 7ol 93t A3td ¥bd D,L-glutamic acid
2 D,L-glutamines] 2]3}43 late induction EA4-S 3l 0]
Ueh® ALA B4k o] dA s FrkE Aot 531 D-glu-
tamic acid, D-glutamine®] 7% 134A1MEE] 262A|7F
7R 2] 3 7) vjokel] vlnE ) ALA F7F&-(Induction

KUP-74

Characteristics Strain KUP-74 Rhodocyclus gelatinosus
Morphology

Shape Rod Rod

Motility Motile Motile

Spore formation Negative

Gram staining Negative Negative
Growth

Anaerobic, light Positive Positive

Anaerobic, dark Positive Positive

Aerobic, light Positive Positive

Aerobic, dark Positive Positive

Amax Of living cell
Amax of cell free extract
Gelatin liquefaction?
Starch hydrolysis
Casein utilization
Catalase
Utility of carbon source or electron dornors®
Glucose
Fructose
Glycerol
Sorbitol
Manitol
Ethanol
Glutamate
Aspartate
Arginine
Fumarate
Tartarate
Succinate
Benzoate
Acetate
Propionate
Citrate
Malate
Lactate
Thiosulfate

370, 590, 810, 870 nm
360, 460, 490, 600, 770 nm

Positive Positive

Negative

Negative

Positive Positive
+ +
+ +
+ +
+ +
+ +
+ +
- NT
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

21t has been known that only the Rhodocyclus gelatinosus can liquefy gelatin among the genera of purple nonsulfur

bacteria.

Y Substrates were added to a concentration of 0.1%(w/v).

9Symbols : +, growth; +, substrate utilized by some strains; —, no growth; NT, not tested.
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ratio)o] 300~400%°] @3l AFHE ehAYTL

Levulinic acid(LA)2| &1}

ALA dehydratase] X3)jA|?®2] 332 LAS B34
M vhF7|7HE(middle log phase)ol] H7}shH A XU
99l ALA ¥=7F F7Hickn a9 np 9ith® KUP-
74 5= T2 9% middle log phased] 30 mM %7}
HEE LAE A71EE @ ALA Qe FAgke &
#Agle] Aot F 50NN 28 F7)slgitHdata A8 2.
LAZ 7129 A) #7lete] vigE 39 79 S %
ALA AL A=Y ol LA glycined FAlo0
A7kete] vjFshH Fig 5914 B ulel gol 247+ 10
mM H7HA A FE S7o] fla ALA AL 49A)
85 7HA] F713dh

a

1]

8-Aminolevulinic acid(ALA) 434 A2E AA7R)
Cs, Cs pathway”Z} 4214 3low Cs7} C, R AP0

>

Growth(0.D.8680NM) <
ALACME/ 1) <= =D>

4 25 50 75 100 125 150

Cultivation time (h)

Fig. 3. Effect of glycerol concentration on growth and
ALA production of Rhodocyclus gelatinosus strain
KUP-74.

Cell cultivation was carried out on glass-water bath
with occasional shaking in basal medium not containing
L-glutamic acid in the presence or abscence of glycerol
at 30 C, pH 6.8 under anaerobic-light condition(4 klux).
The amount of ALA is expressed as mg per liter of
culture filtrate. For other conditions, see “Materials
and Methods”.

FZE3 Uth® Cyanobacteria®Ago] Csoll 2jEs1
A= E7al Bt 9A] Al U% purple non-
sulfur bacteria’} C, pathwayZ o]&3ltie= Aldane
B33 AlaFol o st ALA A4te) 1o speciesol] whE
Z4zkol ALA AR A2 W93 738 F ALAY
s a&Hor fmaopt & HaAs AR
At

Table 2. Addition effect of glycine and succinate on

growth and ALA production of Rhodocyclus gela-
tinosus KUP-74

Growth ALA

Glycine Succinate (0.D. 660 nm) (mg/l)
M) (mM) 071 160n 107h 160k
0 0 1.37 1.39 449 543
10 0 0.98 0.77 8.56 817
30 0 0.54 0.55 4.68 1.53
60 0 0.53 0.54 4.21 3.04
0 10 148 1.60 6.73 9.16
4] 30 149 1.60 4.88 8.33
0 60 142 1.42 529 7.11
5 5 162 1.61 6.11 8.13
10 10 1.17 119 1017 10.18
15 15 0.66 0.65 2.05 1.53
30 30 0.56 0.53 5.29 1.56
60 60 0.36 0.38 5.05 1.22

>

Growth(0O.D.68680nm) <
ALAC(ME/ 1)<~ >

Cultivation time (h)

Fig. 4. Effect of glutamate supplementation on gro-
wth and ALA production of Rhodocyclus gelatinosus
strain KUP-74.
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Table 3. Induction of ALA secretion from Rhodocyclus gelatinosus KUP-74 by the addition of glutamic acid
and its derivatives

Additives (30 mM) Growth (O.D. 660 nm) ALA (mg/l) In ductlor;)
134 h 262h 134 h 262 h ratio (%)
None 1.34 1.36 4.94 7.66 155
L-Glutamic acid 1.32 1.35 591 16.04 271
D-Glutamic acid 1.05 1.34 4.05 19.99 494
L-Glutamic acid 1.31 1.34 4.89 11.05 226
D-Glutamic acid 1.35 1.37 553 21.06 381
Glutathione(reduced) 1.18 135 1.27 3.99 314
L-y-Glutamylethylester 1.22 137 3.80 7.03 185

JInduction ratio was expressed as percent increase of ALA yields in culture broth at 262h versus 134 h.
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Fig. 5. Addition effect of levulinic acid and glycine
on growth and ALA production of Rhodocyclus gela-
tinosus strain KUP-74.

Fel® KUP-14 w5 c 37148 gxdd sz &
7hs8tg 21} red pigments R ALAS) o] &
A8 AdtE Utk % FFE bacteriochlorophyll a ¥&
3t 249 HFoEA cell enveloped] HAE
2 23k AT aggregationgs JERNS O H(Fig. 1)
3] gelatin A3} 7HAE EAAS 12183+ Rhodocy-
clus gelatinosus®) YFEO.2 BA3ISch

Table 391 4] glycinex} succinic acid A7}l &3k uj
Foz ALA9l AZL i 107AIMIA HAE
B =4 ¥ A, D,L-glutamic acid ¥ D,L-glutamine 2]
A7k o3t ALAE Wi 260 A1ZE ofFof A4 F

]

o
2=

] U < SR

x]e) c]2+ late induction FAFE B.HchTable 4).
o] Axl= KUP-74 #52o] ALA AFA¢] C, pathway
ol gt o]&s}A] &Il glutamic acidE precursor® 3h,
Z Cs pathway X o] 83 71595 A3 1tk Purple
nonsulfur bacteria®] ALA AjgAdo] C; pathwayel] ¢
AT APE ¢ dde Bart obF glr] Wil
KUP-74 5= ALA 3143 A= Mg 93 FuE¢
BPAATLZA, oo FHEF B} JAS AEY 8
F#rt

o3k ALA9] Axe] ¥ fr@d®oz s|MHTh
LAS} ALA precursors®) Z7Vs%7} Rhodobacter sphae-
roides®®] ALA A4Hol 2449 8A0 = 4§,

z}7h 60 mM  H7M|Fe) HAzon HuE ¥,
KUP-74 #3% 7Zb 10mM o] ko)A ALA A4t

Ao} AatHATHTable 2). o] Zze= KUP-74 459
ALA A4 A 7177} Rhodobacter sphaeroides®) 7|
TR Adshe WEsy Qe 3o E Algdth

KUP-74 #3% C; 9 Cs pathwayell #HE3F 28 ini-
tial precursors®) A7Hjoke] 23ty ALA 4ibdo] &
7¥at7] wEo] ALASl FRH AAte] AP FF=
g, @A o] 7189 B Hrh vl o wfete
%9 LA ¥28 YA FANHeZA ALA A
el st Thede At Aok

AF A
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Isolation of Rhodocyclus gelatinosus KUP-74 and its characteristic in d-ami-
nolevulinic acid production

Se-Young Hwang, Kyung-Min Choi, Wang-Jin Lim*, Bum-Shik Hong* Hong-Yon Cho* and
Han-Chul Yang*(Department of Biotechnology, Korea University, Chochiwon 339-800, Korea,
*Institute of Biotechnology, Korea University, Seoul 136-701, Korea)

Abstract : A photosynthetic bacterium strain KUP-74 producing high amount of §-amino-
levulinic acid(ALA) was isolated from soils, which was identified as Rhodocyclus gelatinosus.
After 10 days cultivation under anaerobic-light condition at 30 C, 4 Klux and pH 6.8, 5 mg/!
of ALA was formed extracellularly. ALA productions were increased up to 8 mg/!/ and
12 mg/l in cell cultivations either by the addition of 0.5% glycerol (v/v) or 10 mM of glycine
and succinic acid, respectively, using Lascelles basal medium eliminated L-glutamic acid.
By cultivation in the presence of 30 mM each D,L-glutamic acids and D,L-glutamines the
yield of ALA showing a late induction phenomenon was reached the maximum value of
21 mg/l. Different culture times were needed to generate maximum ALA yields by the
addition of initial precursors of C, and C; pathways in basal medium, as being 107 h and
262 h, respectively. 40 mg/! yield of ALA was observed by cell cultivation with the basal
medium containing each 10 mM levulinic acid(LA) and glycine simultaneously.



