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{ Abstract>

Effect of carbon sources on the growth and
formation of photosynthetic pigments in
Rhodospirillum rubrum

Lim, Hee-Jeong

Biology Education Major
Grauduate School of Education,Chéju National University
Cheju, Korea
Supervised by Professor Oh,Duck- Chul

The effects of carbon sources on the growth and formation of photosynthetic pigments
in Rhodospirillum rubrum were studied. For these, absorption spectra of intact cells and
extracted pigments from cultures on various carbon sources were determined.

The cell yield of R. rubrum cultured on malate as sole carbon source exhibited highest
value and showed lowest one by using propionate.

The cell yields of cultures on combined carbon sources were higher than those on single
carbon source, except for combinations of glutamate and propionate, aspartate and
glutamate, and, aspartate and malate,

The formation of bacteriochlorophyll and carotenoid, regardless of the kind of carbon
source, arose simultaneously.

Generally, the formation of photosynthetic pigments was more stimulated by combined
carbon sources than single carbon source.

The effects of carbon sources on the growth and formation of photosynthetic pigments

were not coincided.

“'A thesis submitted to the Committee of the Graduate School of Education, Cheju National University
in partial fulfillment of the Requirements for the degree of Master of Education in July, 1987.
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IR oK MBS 3 Bl Rhodospinillum rubrum & ¥o| Aol otel IFEE 12
Rolvl HRFH) AR E BEE & U (van Niel, 1941), o1H BHEL Kol U
F892 BN E BB sl REZ 4 9le] A (Kohlmiller and Gest, 1951 ; Schultz
and Weaver, 1982 ; Uffen, 1973a; Uffen and Wolfe, 1970) 42 YU 4£EFIHS
el 2 glch (Pfenning, 1967),

A K, MmFE T BRE A o REES ME HiE W R A7 %FE (Uffen,
1973a, b; Uffen and Wolfe, 1970 ; van Niel, 1944) v} ojd REHES FLYS o FKEol
v] X = %R (Solaiman and Uffen, 1982), =+t B/HRFEoZ olvjxAlS HANUST = KE
of g L, D-olv|x4bEol RtE#8 B F (Coleman, 1959) 1 F 7}A] ofv]x4lS #E 3
EASAS W olv|xAte RE Ad Aol NG WES] olFoA Stk (Kelley,
1974),

ol Hak RFEE dIF2, Rhodoﬁseudomonas capsulata ) 74%-, malate 9
glucose & #FALstod BEEMAFANAM HEMo2 ERAAS o KRBV KKk EE7L F71
Holy, AR Z EEAZS o U KR Uoe #E7F 2ok (Stahl and
Sojka, 1973).

g R orubrum 9 KBER BF SRS HE, BE 5B 5o G ot @l
el %34 el RIsl (Cohen-Bazire and Kunisawa, 1960 ; Cohen-Bazire and
Sistrom, 1966 ; Cohen-Bazire ef al., 1957 ; Fuller et al, 1963 van Niel, 1944), 2%}
pHol& &S WA v Aoz Hisol gl (Uffen, 1985), 22yt REFol o
Bgelv -5 Fk 5ol dislAl & Solaiman 2 Uffen(1982) ] R0l = otA 7= #§
HH ubrh wx g1, BEEEAI R rubrum ol FS B4HE S o bacteriochlorophyll 2}
carotenoid ¥ oW &F7} WA GRE Aol e ARE obA A Rolx okn gt}

A B kFiFol e Mt AR 6% AN 34, £%7) BAs s ARy
ofwl EFE7F mid SR, = AES 6% S8 MES Lot 98 7Y
o,



I, ¥k 2= ik

1. E# o s — S @tk R orubrum Slol, M~ mEES 1 Bose ef al
1961)e] 7S #HA Wz she] ol shx REEE HmMst s, AT
sEEe 0.3%(w/v &S v/v)4 HEiNsHelT, MME acetate, lactate, malate, propiona-
te, lpyruvate, succinate, arginine, aspartate, glutamate ¢ 9 7Fxld v, REHE F 7H=
2 FAad W £&% 0.15%H FAsA

2. MR EE — UDBEES 60ml A7 Zelazd EME LS S 15 e 5]
3 Apulol wiod A4FE whol 2 000lux 2 FERSHT 30 °C oA f7eldch EEXZE-S 300ml
ALzl Zal s3] 30ml 9 e do] FrAE ¢ § o4Fvuly foil 2 44 (Horio and
Kamen, 1962 : Uffen and Wolfe, 1970) 120 rpm ¢| shaking incubator o} 4 30 °C & 473}
% e,

3. M — Pkl 7S EREEo D 2k MMUSEAIZ KW 3ml S S,
BRI S B A 1ml S sl —Kk ERT F olAL b4l MR
o},

4, MR WTE o RER BIE —ER Ml RE BEC et —EHo BARHS
5,000 rpm 2.2 4] 2] (Wifug 2,000s centrifuge) 4| 71 ¥ EEExRo2 A3 ofF
chA] 44122 (5,000 rpm) Al A A ikFESIG R, o] MAEE 60%AEEdo Foi4 680 nm
MY FFz2Xy FHERS B (Pye Unicam UV-VIS spectrophotometer sp 8-100) 3}
At (Cohen-Bazire et al, 1957 : Inamine and Niederman, 1982 ; Solaiman and Uffen,
1982).

5. 6% B W — RKFEE, W M5 ®E bacteriochlorophyll g2 A st
ZAl= 680nmeoll hd 883nm o429 &3 = (Vernon and Garcia, 1967) & st ot
(Solaiman and Uffen, 1982), &% #HiE2S acetone-methanol(7:2)&wiAlZ 3lgix
(Cohen-Bazire et al., 1957 ; Straley et al, 1973 ; Uffen, 1985 ; van der Rest and Gingras,
1974), #iH 3} bacteriochlorophyll, carotenoid ¢ =3 B¥fi5l, REEY TR £& 3
2 F4 3bAql 772 nm(Uffen, 1985) 9 495 nm ol 4 9] §3=2 H#rsidoh,

6. ¥EW BRG] BFE Tk EEE B — 32 RS X MR BES ool 2] Hd
of 60%’delgolol 41 4 Mol acetone-methanol €702 HHET &FS 350 ~ 900
nm HH e REEE A hgestdet,
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I, R = %

1. Bkl 42 Mie ME — REAS Jelye o BT @k AEES T1,29
2k,

Table 1. Growth on R. rubrum on single carbon source

Culture time(h) 0 12 24 30 36 48 72
Carbon source Optical density at 680 nm
Acetate 0.015 0.022 0.029 0.029 0.030 0.031 0.056
Arginine 0.015 0.021 0.027 0.029 0.031 0.034 0.038
Aspartate 0.015 0.034 0.059 0.062 0.078 0.088 0.136
Glutamate 0.015 0.029 0.060 0.068 0.076 0.086 0.150
Lactate 0.015 0.036 0.042 0.047 0.051 0.096 0.861
Malate 0.015 0.023 0.029 0.068 0.075 0.517 0.734
Propionate 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Pyruvate 0.015 0.023 0.027 0.057 0.057 0.278 0.326
Succinate 0.015 0.035 0.060 0.061 0.098 0.151 0.201

Table 2. Growth of R. rubrum on combined carbon source

Culture time(h) 0 12 24 30 36 48 72
Carbon source Optical density at 680 nm
Acetate 0.015 0.028 0.035 0.050 0.051 0.153 0.230
+ Aspartate
Acetate 0.015 0.023 0.034 0.039 0.042 0.068 0.098
+ Propionate
Aspartate 0.015 0.017 0.045 0.049 0.053 0.111 0.398
+ Arginine
Aspartate 0.015 0.040 0.053 0.054 0.058 0.078 0.145
+Glutamate
Aspartate 0.015 0.027 0.045 0.071 0.078 0.482 0.634
+Malate
Glutamate 0.015 0.017 0.025 0.026 0.028 0.029 0.029
+ Propionate
Glutamate 0.015 0.061 0.069 0.094 0.151 0.408 0.720
+ Succinate
Malate 0.015 0.027 0.030 0.056 0.104 0.627 0.758
+ Pyruvate

F1elAM 291 R yubrwm S1-& RFEO 2 aspartate, glutamate, lactate, malate,
pyruvate, succinate & FHM S «} MFkol watcl, 53 lactated] 7% 48 BER 4
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T2 B§R Alololl FAZ FAle] Uofulrd,

Acetate oll = 72 BEff7H 2l & =2l A gRsta Axut 1 FU7 mEAAS @ (0D. 0.
681) = glutamate (O. D. 0.545), Succinate (O. D. 0.582)o| 4 ¥.c} E&Eeo] =4 velyt
ch, Gest ef al (1962)0] st EHRiFSLZ (NH,),SO,& #HZTE ol succinate 1}
malate & 44 $A%o]l CO% Cyibathz AaslAa), acetatel A9+ BEMol o
aolE chgollob 4aoh olabstelA R Asbsrhe #Eol vlFo]l & o acetateol A 72
B b2 giRel nelAl deolvie e EEFSEZ (NH,,SO0% AN~ wiEolzt A
7t o},

48 Bxffiol M o] EES H#sl 2= malate ol 7}# =1, propionate o4 7}3 o
Al “tebskct, propionate ol M= A3 HEE o O. Do o 0.015% =6, 25 Fol= 0.
016 o2 vehd A9 FAetx Xste A= FBESAD. o #F< propionyl
carboxylating system & %-3] propionate 7} #|fzch= Knight(1962) 2} #i) Mol
¢j2l propionate & A3t MEE + AUthe Schultz 9 Weaver(1982) 2 Zzol: o
2A vetgted ol FHIxw Auh, HEEEMoIV Bk ERA ERSI: Aoz
B sct,

REFS ALUS e ARES T2 2ok T 1A KA EE 27 KEAME o
4 Apelzb Agh, HF-Fo AP REES 5o FHYS Hrd F #EE FoY
% w9 EEel w4 Jeluz gle] malate 2 pyruvate = {#F 3 Solaiman &} Uffen
(1982) o #Fo A=A, FIsbanel HREL aspartate o malate S, glutamate 9
aspartate, ®== propionate & F& S ol vtebylcl  aspartate ®F malate, glutamate 9}
propionate & FLHHUE Wl 5oz FHPS =12 malate, glutamate EERE T
i, aspartate .} propionate o FEE2c} ¥-2 ¥, glutamate 9} aspartate & F& 3
+ Wv @Mzt T ETHKel Jebta, 728N e & aspartate Rtiy E A ab
glutamate ¥ o} A Yebytol, g3 glutamate 9 succinate & 23S of& 484 7
ol Foll FAZ A4 A5aAE Ut o A: glutamate 7t o2 REFE} ALY
S ol Sold fEAE sle WS veble Ao Azddd (2d1),

chFFol REFEANA R 36 Bl A 72 By Alolol]l FASA doiyte,
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Fig. 1. Growth of R. rubrum on different carbon source. Reconstructed from Table 1
and 2.



2, Wit % 8B — REF 4E HiE 6% B 33,49 Ao

# 3014 29 carotenoid &L lactate & FHPS w 73 ¥3tx, propionate &
FHYS o b 2A Jebdo, ®REHES ASYS e ez FHYNS deg o
22 1 Ziol ¥4 Jebuich 53] acetate o aspartate & 4L W M ¥ b
AREE UEhHgich Wl aspartate 9 malate $ ZRHL Wi
malate & crEo 2 {FAYS wf2c} carotenoid ool {KTFsigdcl, = glutamate 9
propionate & #&H S @ glutamate & w5 o FANE Wy KT ek
t}, &3 aspartate o} glutamate = FAA4H L Wt KEAMY KTFHSRA}= <2 LR
E7E etk o] #£Roll A aspartate b olvlk Ay FAolME LABR dEIRS
oo H#Ee] AL E —ER KR S JERA ofebx Solddrh

Table 3. Contents of carotenoids from R. rubrum cultured on different carbon source

Culture time(h) 24 48 72
Carbon source Optical density at 495 nm
Acetate 0.081 0.142 1.300
Arginine 0.021 0.074 0.607(194 h)
Aspartate 0.035 0.466 3.616
Glutamate 0.028 0.410 1.523
Lactate 0.144 3.526 84.47
Malate 0.133 9.558 49.56
Propionate 0.057(360 h)
Pyruvate 0.125 9.263 38.59
Succinate 0.119 4.525 6.960
Acetate 0.153 15.24 36.00
+ Aspartate
Acetate 0.050 1.060 3.400
+ Propionate
Aspartate 0.134 3.421 9.775
+ Arginine
Aspartate 0.113 1.455 3.900
+Glutamate
Aspartate 0.089 8.791 33.28
+Malate
Glutamate 0.092 0.198 0.118
+ Propionate
Glutamate 0.244 12.20 24.53
+ Succinate
Malate 0.140 15.28 58.76
+ Pyruvate




4 = HBFEPES bacteriochlorophyll £ 8& vhebH Zold], o] #£H+ carotenoid &
gho} w2t @EES 2
23,49 #E2 L 6% PR &R Gl det Zebxe, RERES FEUS o
ki 6% Bl oA #MEE o ol AT ¢ 4 Ut

3. EMMe RAE — REEFES 2ol @& ol EMine] RKES 680nm Al —FKAA
BERIGIE MIET R 22 ~59 Aok &5 KFR A WED BAE #Le

222,349 7o 37kA AR g 4 ddch 29 2 of |MUL BEkel # doluix]
= % y& group © 2 A arginine, propionate ¢ 7 -%-°] 1, 13 3 2| 2% bacteriochlorop-

hyll ol ] &+ GRY:EE7} carotenoid ol & IR¥ER e 4 & A $2 lactate & FHN
S wiojck 228l 49 WS HES A dojyx|ut bacteriochlorophyll ol 2]  IRIE~}

Table 4. Contents of bacteriochlorophyll from R. rubrum cultured on different carbon

source

Culture time(h) 24 48 72
Carbon source Optical density at 772 nm
Acetate 0.038 0.088 0.850
Arginine 0.007 0.046 0.573
Aspartate 0.021 0.452 3.221
Glutamate 0.014 0.381 1.469
Lactate 0.134 2.933 56.58
Malate 0.148 9.086 42.66
Propionate 0.034(360 h)
Pyruvate 0.118 8.791 32.39
Succinate 0.081 3.050 3.350
Acetate 0.134 13.00 30.59
+ Aspartate
Acetate 0.031 0.672 2.350
+ Propionate
Aspartate 0.067 ) 2.500 8.165
+ Arginine
Aspartate 0.064 1.440 3.503
+Glutamate
Aspartate 0.111 7.788 28.85
+ Malate
Glutamate 0.028 0.094 0.127
+ Propionate
Glutamate 0.156 6.175 12.53
+Succinate
Malate 0.140 14.34 49.74
+ Pyruvate
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- Fig. 2. Absorption spectra of intact cells of R. rurbum cultured on arginine.
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Fig. 3. Absorption spectra of intact cells of R. rubrum cultured on lactate.
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Fig. 4. Absorption spectra of intact cells of R. rubrum cultured on malate.
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Fig. 5. Absorption spectra of intact cells of R. rubrum cultured on malate plus
pyruvate.



carotenoid ol ] B th 2+ 292 agpartete, glutamate, malate, pyruvate, succinate &
Agge w vebdoh KEES BHAUS e R 2349 EE uxd 2759
7S el e Zlo] $REY HHolst), #Ifte9°o 2 glutamate 9} propionate 5 #F&
#g whs 27 2 9F o] wlsh K

182 ~5% v REBF wet peak £o) Jehv e Befelvt 7 zhatellAe F3=
o th4 Fpolzb lEdl, ol& FAK MES WNEr Wk, WKEE KE K IR
o] lejol ulz} =he}xlchi Biebl 3 Drews(1969) o) #F o MEIsHAl ebwtch, = RE
yEo] A gio]l g4+ bacteriochlorophyll ¢ peak 7} carotenoid peak Bk wxd] Jepdn
9le] carotenoid .t} bacteriochlorophyll o] =1# &=+ A& Holzql, carotenoid
peak 7} JEbR] gk Aol A Lk s Al eholxalx] obuwl peak 7t vEl R 4E 2
REE 42 kol slolAelxl AR ool Ak IRHEZ = bacteriochlorophyll
carotenoid = o} 7o} W &R &2 BESHA TES7E oy Aoz Algdd

4, it BEe RLE — REES 2 W o M BE BOLE ®be 2136,
73 ZEokch

mEEl whel 7 shabell o] ¥ BEY BF% BA M o4 ZR/ AR, KE
B chEo s HHAUS JWE o863, REBRST ALYS e I 73 v WS
veluglich, %S mMEEe «ve  Edieeldet: 22| bacteriochlorophyll 2
carotenoid o1 419 peak 7} 719 E8¥ol) vtebytch,

a2 6, 79 #Hol4 bacteriochlorophyll 3 bacteriopheophytin, bacteriochlorophyll,
spirilloxanthin o & 1}ElE peak & 7#+7+ 772 nm, 600 nm, 450 ~ 550 nm ol 4} he}
vl ®od )} (van der Rest and Gingras, 1974). = Bffjo] #£:8% 45 450 ~ 550 nm
o 449 peak 7} 772 nmoll 4 JElitE peak 2ok AtiH oz EA vebde R Cohen |
-Bazire ef al. (1957)9 ##&9t —&3le Aoz B

* R 29 carotenoid & A IR peak 7} 495nmoll 4 el ledl, ol

Vernon & Garcia(1967) 8] #Fob+ A2t 474nm o4 A peak & viehd ot
Uffen(1985) &) #igoht b4 RS ¥ olad ERe &% il § BEES A
Bl A meff el | Aol olal peak o} ool A 7] =hEelet WAL BEHE
#}-e ol peak o} o] 5 Fhgo] B Foz dojyirt

&odeorlr
ol
rir

A
2
<3
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Fig. 6. Absorption spectra of photosynthetic pigments from R. rubrum cultured on
lactate (Solvent ; acetone: methanol = 7: 2).
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Fig. 7. Absorption spectra of photosynthetic pigments from R. rubrum cultured on

aspartate plus acetate (Solvent ; acetone: methanol = 7: 2).
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5. 4K FEo] =kE bacteriochlorophyll &2 H3HO. D 43/0. D o) — HElE K&K
o abZ bacteriochlorophyll ¢ & & #{t: B¥RMITIZ O. D e/0. D o ¥ 22 FHE3IA
L] (Holt and Marr, 1965) 2 &%+ Z 59 2o

72417k ik 2] O. D 45/0. D ggo 3422 % ol lactate & HAYS = 7HF w23,
Wi el %4 Jel: malate o 4= lactate Wb pyruvate Bt SA| pehbA KK
2 o} bacteriochlorophyll & &°] —#3lA ¢t +dl, ol Solaiman 2} Uffen(1982) 9|
R B Act, oleid KEE o]l Fo bacteriochlorophyll k-2 Mo AR o}
 MERgle] R aet 2t + glde AL BRAFE ez sl

REFS ALY el O.D gs/0. Dgo 2 aspartate 2 malate, glutamate <}
propionate, malate & pyruvate & F&olA 15o2 HHYS «§2 malate, glutamate,

Table 5. The ratio of contents of bacteriochlorophyll to growth of R. rubrum on
different carbon source

Culture time (h) 24 36 48 72
Carbon source 0. D 453/0. D 450
Acetate 0.604 0.629 0.657 1.019
Arginine 0.576 0.607 0.652 0.882(194h)
Aspartate 0.612 0.843 0.856 1.188
Glutamate 0.585 0.676 0.817 0.982
Lactate 0.658 0.787 1.219 2.175
Malate 0.658 1.144 1.220 1.788
Propionate 0.625(360h)
Pyruvate 0.635 0.969 1.445 2.019
Succinate 0.627 0.841 0.880 0.968
Acetate 0.693 1.047 1.664 1.704
+ Aspartate
Acetate 0.601 0.708 0.971 1.265
+ Propionate
Aspartate 0.616 0.786 0.995 1.523
+ Arginine
Aspartate 0.627 0.710 0.966 1.341
+Glutamate
Aspartate (.636 1.082 1.124 1.521
+ Malate
Glutamate 0.588 0.595 0.536 0.590
+ Propionate
Glutamate 0.620 0.835 0.953 1.444
+Succinate
Malate 0.633 1.125 1.378 1.994
-+ Pyruvate

16~



pyruvate k- ch Al viebyta, delx FgelMde 25 BsER7E sl ®= 249
F5% H#gsl vl f4fel O.Dte2 A4k bacteriocholophyll o %8y &&=t
Mmds el Fael —HEA use ¥+ 2

(1982) 9] #ERobe BMUEIAL, Solaiman # Uffen(1982) ¢ #Eote oha #R7F U
ct,

ol el #HRES AN & 9l R rubrum & ¥ BRI &F AR KEFS H
Mol =teb 27] ohE BEE o, £ sixle REES ALGUS dc FEA EM
utebd] EABERS debdAY ETRRE debidde, A2 ZESd 6% PR —¥e
v Aol ohdn EES M ubel obE HRE vebdE ez fEs o

l+=dl, o]|ZA<L Inamine &} Niederman



IV, ¥ R

Kok @E R rubrum o QoA REE 42 Bk BF BEAS] BEE KA
7 Siebel Agpie W ik BES BREE, REE §F A oda 2 HRE A
%

Wi RERS REFESS malate T FHYUS = 7t E3%3, propionate & AR
< W s 2A debskd

REF/S FLHUS dwlo KEES aspartate o glutamate, aspartate & malate,
glutamate 9} propionate o &2 Agdne 5oz HAI A-Ech woich

BES MBS o £F TBS lactate T FHUT A M %2, REFES FE
#He wl= ol Aok B BR7E ekt

Bacteriochlorophyll # carotenoid & FR2 HEiFE fiEal AIgle] Aol [FaFol
dofuket,

mfeol w2 bacteriochlorophyll o 2 #{L(0. D 555/0. D e50) = lactate & RS
uf 7}A Eokw, REES FL&AS o= aspartate f malate, glutamate 9} propionate,
malate &} pyruvate 2 A 9% #ool A LRMEZ ol

HERY} 6% S8 WE4A —EEk e fduen, 6% AR NS KERS Tl
upeb chebet,

o
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