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BT G 2o wrel g gaAUH & vasig

#4714 Hu ol e acetatert glutamate WA o) M 2T} acetate-glutamate
T XN el v Wgpoy HFHA AFFE A wEsAn,
acetate W21 Fx2717b 7bd AAh. 5714 duhFolME acetate-glutamate
Y AN o] HMGEY 2388 o wHOoY BE VAL WA A
T 240A3te] 2 wizhx Ao wh$ wrgre),

oo LuE 5 GaddNY MEd dE Azt Y E S g
st F7HEUAR, Y @42 9Y WE glutamate W12 2.} acetate w2 el A &
Ml £27 7%k pH A @A o] 2u Qo wa Zrbstg

°leld AAEE B - dMYF ZFAA acetate®} glutamate’t EF BA QO
2 AFE W e dX g2 dqN 2ot Aol uj$ 29, glutamates}
A" U2 EA acetate 42¥F ZFAFoZN Ao i £ BALo] A
T A84g vdede Aoz Bdwyg,
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Cultured anaerobically on glutamate medlum ................................
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I.A &

H 53 A BAA AT 4% Rhodospirillum rubrume 4ol Qe 38}
drE 714 FRAHeR, Wo] gle 2JFAAME 3714 8oz AFE 5+ A
o (Van Niel, 1941 ; Elsden and Omerod, 1956 ; Thore et al, 1969 ; Oelze and
Pahlke, 1976). o] A3 7 xFXE AAF @dLA% FFEE H3d
of o3t AFT + Ye A2 wHPo2H ouiA] PPN ofH xqA
T AFol 7hedtez A A, AHyLHoR v¢ Folgle AER HFHo @
2 AAE] Y2 o] &AM Kohlmiller and Gest, 1951 ; Thore et al., 1969 ;
Uffen and Wolfe, 1970 ; Uffen, 1973a ; Schultz and Weaver, 1982 ; Schultz et
al., 1985).

ada FFE JFANEQ R rubrume @290 2 U {7182 088
Ae Aoz YA o vi(Elsden and Ormerod, 1956 ; Knight, 1962 ; Olsen and
Merrick, 1968), Mi¥x1-2 2N w9 @4d o83 YFd Uy &
(Coleman, 1959 ; Uffen and Wolfe, 1970 ; Uffen, 1973a,b), &4 9& E@A2S
o] A v HAI(Gest et al, 1962 ; Ohmori et al, 1974 ; Solaiman and
Uffen, 1982 ; Tauchert et al, 1990) T°] HE¥ Ao 2 Hxwso] Qo R rubrum
o] @49 oo A AYS] YEEL d&dl EFNH 5HoZ 0§ JME o
H-E5 Wil ol 1= e Wolth

2o wFPdAd MTQ Hypomicrobium X(Brooke and Attwood, 1983),
Eubacerium limosum(Loubiére and Lindley, 1991), Azotobacter vinelandii(Wong
et al, 1994) SolA &3 ©ige] wWE A Aol T B Fo] Ut 2Y
FHAY AES o8 AFE vIEFF AR ol WA= Songs(1994)2
R rubrumel X2 @4 i FAA ¥ @29 Ax, Albers%
Gottschalk(1976)9] th4=2] Rhodospirillaceaeol Al acetate WAS] ¥]®, Youn#
Lee(1991), Lee5(1994)0] F A Mo 4 BAS #d A Fol Atk

FE NS /F7188 @292 o83k Atels, 8522 AH8E drg



T 7 g49& Efst AR aivt vi¢ wmE G £55 el oi(Song et
al., 1994), W3 H|FJHAA MAFQ Thiobacillus A2(Wood and Kelly, 1977),
Eubacterium limosum (Loubiére and Lindley, 1991), Leconostoc cenos(Salou et
al., 1994), Azotobacter vinelandii(Wong et al, 1994) 52 o]&3% QArx E 7
A2 MRS W] Aol "R FUiga Bt itk

€ Q7€ R rubrum® Wl 233 Y714, 37130 23t AFF 2 Wl
A 2] pHel W3}, @49 Avd duyolFE 33, MG ZHol e A
FF @49, A4 £9F L 53 TY @4 ddAMY As B vie G
¥ Golr iz Fgch



1.

O A5 3 %y

#F 2 WY

D a5 % A

AHS-E @F= R. rubrum SIATCC 1770)0)1, wiAlE 7|® 27| wix|&
@492 W Bose WlX(Bose et al, 19%62)8 Algagedl, 2 FAL
KHzPO4, 600 mg ; KeHPOs 900 mg ; MgSOs: 7HO, 200 mg ; CaCly -
2HAO, 75 mg ; FeSOs:THO, 11.8 mg ; wF¥84 §4(100 mL DW. ;
HsBO;, 280 mg ; MnSOs - 4H20, 210 mg ; Na;MoOs - 2H:0, 75 mg ; ZnSO4
* TH20, 24 mg ; Cu(NO3)z - 2H20, 4 mg), 1 mL ; EDTA, 20 mg ; biotin,
15 ug ; (NH)2SO4, 125 mg ; DW. 1 Lojx, &]7)o] @A 9-S FA71sla IN
NaOHE AH8-3te] pH 7002 M3 F(Oelze and Pahlke, 1976) A}-8-3t%
o ARS-3 ©@4A Y2 sodium acetate(anhydrous), L-glutamic acidolo], ©%
A W= 03%(w/v), THY W= Z4z 015%(w/v)A A3t

2) AXE ujeF

(1) A2H Bl
Malate iRl A 2 2t AhulFe 3 H71Hoz Aty #3785 &
@addw A MXFo] optical density 0.1(0.D, 0.1)o] Hx =2 =3
8] AF3t3, cap tubes] A Fr1AoR o] MAATZ 2000 Lux, 30T
£ HAAIA shaking incubator(Vision Scientific Co, KMC 8480)c)l 4]
150rpm 2.2 Puj g3}t



(2) gk

500 mL Atz} Z2bA~ 3o malate WAl 300 mL (Horio and Kamen, 1962
. Uffen and Wolfe, 1970)S 3¢ shaking incubatoreld H# g F 571
o) R rubrum W% 10 mLE $ol & vHI2 % 43, EF0F foil2
#A  (Horio and Kamen, 1962 ; Uffen and Wolfe, 1970) 3-& &3}t
shaking incubatorell 4l 150 rpm, 30C &0 =2 3Ut Au okt Adiyg
oke olujor® malate iFRS 30 mLe HAFH F AwId 4@ N
o2 3 Az g, 2 2 AWuEd A5 F55 4 G2 )
okele] MEFo] AXIITE 2A(0D, 0. AF3HL, 50 mL HAF
gla=e) 10 mLA Wol Auigs TUF ez w3t

2. AN X9 F3x % pH 53

Wik MEE A% £58 nasted 43 A3t e @2l sampled 3 A
A 233 vortex mixer2 TAZ ARl F 680 nmell A O.D.(Perkin-Elmer
Lambda 5 UV/VIS spectrophotometer 7230)2 A3FE FAs3x
(Cohen-Bazire and Kunisawa, 1960/ ; Solaiman and Uffen, 1982), 94¥3
(Soval RC-5C Centrifuge SS-34 rotor, 5,000rpm, 6T, 10¥)A17 ¥, 33 A&
#8te] pH(Cole parmer, Model#59003-00)5 343}, 3 39| WM AF¥ &
FAE A& HFo TAEZE 181, FF A4S BAFAG



3. & 2 dEYolo HF

Acetate 9} glutamate®l FFL uld A|ZHAR witd S AHE =89 Y
Uy oez AAREIHAA AEE AT F e Aoz FAHIYT
(Uffen, 1985), 3 3] ¥iE AP SAYANE Adsgador Y2 g a9y, &
L22+E ®ABHATH

1) Acetate®] HFe A4E2AF FA AL filtering(filter pore, 0.2 uUm)F F
HPLC(Waters Products Division Millipore Ltd, LC 7000160-11)& o]&-3} g2
o], HPLC conditione &3 #d.

Flow rate, 0.5 mlL/min ; chart speed, 0.5 Cm/min ; detector, UV
214nm ; eluent, 0.1% phosphate ; AUFS, 0.02(ZF%) ; analysis time,
30 min ; injection volume, 15 pL ; column, organic acid analysis

column(C-610H ) ; column temperature, 30C.

2) Glutamate ¥ NH3®] A%F-2 olv|=4t ¥4 7](Phamacia LKB Biochrome
Ltd, Biocrome 20 PEEK  Sodium)3 ©]83}%.2%, Amino acid analyzer
condition2 o3 o}

Volume loaded, 10 ul ; amount loaded, 5 mL ; O.D. range(440,
570nm), 0~0.1 ; flow rate, buffer-35 mL/hr(Nin/OPA, 25 mL/hr )
; pressure, buffer, 50 bar(Nin/OPA, 11 Bar) ; column, P-0032 ,

reaction coil temperature, 135 TC.



m 23 9@ xz

L g 200 wE A2 AFF 2 wix2] pH W3}

D 8714 ool e A%

Fig.l12& 9% ©@4Y9022 gcetate®t glutamate HWiA|, TF @A do=
acetate-glutamate WjAlolA2] G JMo 2 @A de] FF{el Wt 2ol
el gl

Acetatedll M 9] Z7] &L W& Hold, A&LAQ wid Ax FAe
FEZ1(156 AIZDE AR 240 AIZHOD, 1.7)5t A7)0 £ vl$ =
U A BAFa Atk ol acetate R T wiA A FALSS v
& A7 acetates GEOZ ALt AT FdAbE o] EF WA Hld A
Z3v], 8 WM AX7Y @ acetate BF wiA M= A& AWGFo|
Z7}gth= Elsden® Ormerod(1956)2] B9} dxj3sla ek £ 71 {27
(138 AIZHE AA 306 AIZHO.D, 03)°l v23 ¥ AFE BATE Song
(1994)9] dae= atolg R

Glutamate WjAo|A e} AFL Z71%E ALso 84 Atel Hu YAF
(0D, 192 JYerdx ledH, ol HAHAQ oA olvlxit L-glutamic
acid®] ©]-§-&o] vl$ o} 80 AlZtvte] H1 AL Hthe Coleman(1958)
o] wueol Ao Ux 3 Ut 22 glutamateE: ©EO 2 0|4 ul 138
A1ZEe] FE71E AR 282 AIZHOD, 05ulddA Hlwd 2 AFS B
th= Song 5(1994)8] A= AolE Holx )

Acetate-glutamateS & @402 AME3-E oo AFL glutamate®]
QA 23 H%sg, 72 AIZHOD, 1.8)2k] AR 76 T3t meE 43S
< Rojx o



Unipst 91eWeIN[H-9)1B190Y —e — WNIPSW S)BWRIN[LH —g— WNIPIW 3IBIV-- g --
(€=U ‘IolJo pJIepue)s F UESl)SIDIN0S
UOQJIBY JULI3JJ1Ip U0 A[|BO1qOJSBUR PaIN}[ND wnignt wnjjI1Jidsopoyy 1o Yimodn 1 814

(WANIL RNLTO
14 0¥z 912 261 891 441 0zl 96 aL 8y <4

L L2 v L4 v v L] L] L4 L4 v L] v L) L J L ] L) v v 1 4 v

- DR e et = CEEE R = R - EEEE T

0°0

G0

0'1

g1

0°¢

G2

(WuOg9) ALISNAA TWIILLAO



Fig.2e @Y @49 acetate, glutamate ¥ acetate-glutamate & 3§ wj A
M pHel ¥3ts el Ao2 pHe A5 AWFd g r|de oA}
g o Ao 2 o) Figl wal dBUSs =A Jdedn QU

Fig.1% Fig2& %3t & o, Ax9 M3 2 pHe Z7H= glutamate
vl R ol A 2} acetate-glutamate E§F wWiAlojMe Ao §AFsA Yeide o)
H]3to], acetate @EA Wt AR 4271 AR F, glutamate 2
acetate-glutamate £ @AHolAM s} vl &3 el eSS ¥ 4 gloh
EF acetateS GHO2 AL m R} acetated} glutamateS EFH-L w)
o] Aol HA A Jelhdzm Ut o]Re Y2 YO 2 malates BEOF
AHE-3R= Z1EY pyruvatest E@EA ALdte At FS SRV AA
AR&ol A Jeldos B2 (Solaiman and Uffen, 1982)9}, acetateS
malate, succinate, £+ fumarate®} £3359L W YA§o] ZUljts B
(Elsden and Ormerod, 1956)9}% ¥x)8ti g1t 28]il acetate-glutamate
T g oMo} AFFS acetatet} glutamateo] X 2] WAFFo] vls] =27
7= R 1(Song et al, 1994)9h= otz Jelvda QiEd), o)Ae A
B AEF Aolo AF fx 7Igte] Azle A AFFo| TZIe AVS
Hlwshs 71E Aol tt2r] qie e AlgHt,

@A, uBPAY AAEQ Eubacterium limosumol A acetate®} malate £
E#3& "(Loubitre and Lindley, 1991)3} Leuconostoc oenosolAl glucose
% citrate £ fructoseS EHAL e AL Z71 @A (Salou et al,
1994) 5& & dof, @48 3R AT BFo 44 AFHE Yeuys
Aoz Hol & HAFY FAAex A= Ao n



Wnipaw 91BWEIN[H)-3)B19Y — @ — UWNIPAW SIBWEIN[H) —p— UWNIPSAW 9}BIDY-- g - -
"(g=U ‘i0JJo pJepUE]S F UBSW)S3DUNOS UOQJEd JUSI9JJIp
JO BIpaW SIN1[NO wniqnt wnjjI1Irdsopoyy umold Aj[ealqoiseue jo sadueyo Hd -z 814

(WINIL LD
¥92 o¥2 912 z61 891 448 021 96 aL 8y e O

v L] L v v L] v v v L] L) v v L] L] v L v v L v

11



2) 714 dujgelM e A%

Fig3e 9Y ©4¥U0F acetate?t glutamate, 3 ©ALYVOZ acetate
-glutamateS ©18AE W] P JHoF @Ade] FF{o wel viny &
ztel & JeRll R gl

Acetate WlA19} glutamate ¥iRoIM S} FFL FAE] FEZ1(24~9%6 A
e AAe AZF YRolAT, glutamate vl Aol o] AFFo] 27 %
Yetya gl

Acetate-glutamateS & @4A¥903 AL W YF FHd Y714
uf ofoll A 8} w3, FA7d EE3e AR 48 At R {r]A Wl
T2 ANDAMERTG WA w23, Hu PFFLE 0D, 1424 H71A Huld
(0D, 1.3)alA Bt o3t A et gloh

Fig.4t acetate®} glutamate® 9502 ALE-FHS w9} E &3] AM-3A
< w, wjx] We] pH ¥W3E Yeld AL R acetate-glutamate, glutamate,
acetate WA F02 pH/t Asdte AL A% F7te 34 diatsge V1A
o] 2R wE AR Ao Atmdrh

Fig.3% FigdolA 2 o}, @4 9& @502 AES wjuch Egog Ag
0 o AFFol WY EA deued, o HFHA AHMTE
Azotobacter vinelandiiol A galactose®t glucose® E@RE wiol ¥ EH
o] ¥ ¥ 1 (Wong et al, 1995)9} Thiobacillus A291- 33 {714 &7
HL W A4 FIo W ¥ (Wood and Kelly, 197799 A9l dX3lx
AE Aoz Bol, 5713 2AGAE EF SAHANA Mg A7 AE
A A A7l S-S Jdehde Aoz dAMdd. b, 95 e 3}
< wo) AFE Y AIZH240 AlRho = 18l AHF AFFET FHENA X
3, A&Ho2 o] 7heF A9 AFs @3 £+ U
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2. a9 AR

D 713 Hujgolre ga 9 AnFF

Fig.5= acetate Wizl A o] Ao @& @4de] A2 Jepd Ao g
A FEZ1(156 AIZH7E A FRY vud gL 2% ZFL Holn 240 A
el AR =ddm ok acetatedl Aol 7] AFo] AzHF Re
acetateE ©Y ©ALPOR A8 A$ FUALEo]l R Elsdend
Ormerod(1956)2] X119} 9 x]3}4t}.

Fig.62 glutamate wWizlolA o] Aol W2 GA Qo 4AnFS e Ao
=, acetate MRl X o= g Z2718EH AL oty 4Aw AL HaF
I 3T acetate”t WEElE ® 28 € Algto] 84 AlZHQIE H]E glutamate
© 190 A3te] A8 E= A0 T Nol acetate® T} glutamate’}l © w27 o)
451 e AYE e gk

Fig. 72 acetate®} glutamates E G wiAdAe] @42 Avgo Wzs
el Ao 2, acetate’t FRIA 22=E d wla glutamates ST A
5 33E Holn Joh. EF acetate®] zHojFo] HA o =23 wlo] A]71(60
~72 AIRH%t AIE el 571D W60~72 ARN7F AT e Ao
Hol, acetateS F£3 AH83ta ALL & § Utk 1AL R rubrume
pyruvate®} DL-malic acidS E 3 @4 Do) wiF3-S o, pyruvateS W=
Al o183 & DL-malic acidg A%3dte] AFFo] Zrlgth= B 11 (Solaiman
and Uffen, 1982)%}, acetate® ©=07 AFE3 wlx= BJujAlSo] Az5 vty
succinate, fumarate, = malate®} &3l AE-3 wl= FALg o] =713
v 53], acetate-succinate £ WiAolA succinateS 3 Wi 7} W2 A A%

gtb= B (Elsden and Ormerod, 1956)9}% A3} )},

Lo

E3J, SongF(1994)°] glutamateE ©E0 =2 AME wjo] 4Au] Ay}
acetate-glutamate £ @A dolA 2] glutamate?} ¥lma A3 A=A}
© A A3 glon, uBYPA MTFYQ Eubacterium limosumol A x

_13_



£ 949032 methanol# acetateE A w A Z7|%€l methanolo]
tF ol &5 = ¥il(Loubiere and Lindley, 1991)94 % ¥ X|3lx Qo

Fig.5, 6, 7¢14 & o acetate-glutamate T @2 PlA 2l FAF WA
% AHXE R rubrumo]l B9 acetateE F43 ALEE AAZA, @AY
ole] AAQo2 o]8dE £ U+ glutamate’l acetate®] WAIS 2 A 3h= o)
7103 Aolet Atg H.

_14_
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2) 718 ujgoliNe gdaY 28F

Fig.82 acetate®} glutamate ¥l Aol A Aol @& @i 422%FS Ve
9 Ao 7 =7 B¢ AxF AFI WA @A LRI Ao &
A7 Aee BaFm ow, glutamate WANN FE7] ol FFH ] 1L &
gatgt AR uwa 2wFol FvhEe AL @4 §49e o8
acetateo] M]# glutamate’t 2t ©] w27 diAte] olg=it A2 et
€ Aot

5714 ZAdME AAS) wiokdl FA7E o} 240 AlRE o9 ©#ad
rvae A 2o, WlF AL BS o aFAAE ARFe T
7} oist Aol A&Pol wt Gade) £RFx wWshd AR 9] AR<=
%98 4 AN

Fig 0t acetate?t glitamate® &¢ @490 o848 wWe A7 &
gage] 293 Jeid 22, glutamated] H]3) acetate’t F23 A2H
T glee B 4 Uk AX AFol A%71(48~60 ARl g3-< 9 acetate
= Ao Amslo] Mo T@a0), o] WRE glutamatert A3 FLH
W ol Z7tse A%L Beln Utk ol& HIFHA AR Thiobacillus
A27} fructose®t acetate® EFT HA A AR ), fructoseR The
acetateS F215] o] 83He] acetate7t A 22 HW fructosed ©1-8-3t] ‘4
5 AARGE BEi(Wood and Kelly, 1977)s}, Hypomicrobium X<
methylamine-ethanol E@eAAAN F gagdo] Aol AAd o€ w,
methylamineol F23 AR=WA 1 a4 AA710.D, 06)F AAIL,
methylamineo] Al 4£%2¥ ¥ ethanolW< 0] g3 wiAlzr AA7I(0D,
15)e AAYE Ri(Brook and Attwood, 1983)9t% dXdtn UAch F=
acetateS} glucoseS 719 ALE-3HA B3l acetateHE FAHHO= T
71 Ao] o] 2o\, acetate’t Tk ARH Foll glucosed o] g3l A&
o] B¢ Z7}8he diauxic growth7t ol F0iA= Thiobacillus A28 B

_18_



(Wood and Kelly, 1977)¢} Azotobacter vinelandiiol 219 2.3 (Tauchert et
al, 19909 A% 3&lv, Azotobacter vinelandiix galactose-glucose &
i Ao A] galactose®}t glucoseE EAlol o] &3l galactoseS $AHA 03 o]
43t Z7] AL 3T gualactose?t Ao ARH FHE glucoses: FZ3]
2R3HA 23 AFol AMNAG= ¥ FE diauxic growthel Wlg B u
(Wong et al, 1995)9% #& %S Yeldl= Aoz Hol &3 €49 v
AoMe $4Ho2 g 714 42U 271 BFd FH3] o] 437 wFel
Ao Axd FHE U @499 223% AXAA Aol A&H YL
<+ ¢ 5 Uk

Fig.8% Fig9olX+ R. rubrumo] glutamateol] H]3] acetateS © ®o] o]
B3t AFFo] {7t HHA acetate7t M9 22 HW glutamateS W27
2R3ty F2 AAES FANZIZ UASE e Fu A oA
Azotobacter vinelandiiol ¥l TCA 3|26 A= &AS0] glucosed] o4
2 JAE + Qo= Hu((Wong et al, 1995) E2 o)Fo] & o,
acetate-glutamate £ @A HolA Jehvhe AFe] A5 AE acetate?]
HAG A8l 20 o2 acetated] dlAl AHEo] glutamate?] HAIAIS <
Ao, g4 doju] AAHUQ glutamate?} acetated] o]8-2 ZR3J= oW &
}7F e Ao w AlgdH
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B

Fig.103} Fig.112 wiF Zle) utag} AxQoz TP 42FE §F
318 Jebd 3ot

871 el 5713 QruiekelA Al o ARFQH FFS WMHE K
@ glutamate WAGIME 22X E glutamateFel ¥ 3t g2 o}t
AAERA ARFIE ZE7187] W&o, R orubrumel AFFE SIS E
AL Qo2 o] &5t glutamate MA WA GEFE FFe HFav A9 ¢l
£ Aoz Jehda gon, acetate MANNE Az 4Fo2 A d=
yoge avadr HA vehdn ok 22, acetate-glutamate & Wi A o]
Ae Aol Z7H5Hdl wal 244 glutamated] A2RFH 2 EHES L8
F5  acetatet} glutamate Wi olA BT HlWA wol A UFS e
At

Fig103 Figlle 28t 2 o, d2FAe] 22F P73 BuldlA
B FuAbE 9 5714 guigdiA, dade] FEF wWiHte A4d
o] mZg wiAdlA vlwA A vehdel, EF Yo mME EF wiAIA
2ol WS AANL Qe Ao Hol dRFHL Ao LY Yo
2 4% Add 9L vAL Ae A2 Atsdt
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Abstract

Synergistic Effect of Acetate-glutamate Mixtures as
Carbon Source on the Growth of a Photosynthetic

Bacterium, Rhodospirillum rubrum

Yim, Chang-Doo

Biology Education Major
Graduate School of Education, Cheju National University

Cheju, Korea

Supervised by Professor Oh, Duck-Chul

The growth and the consumption of substrate of Rhodospirillum rubrum
were compared in the light and dark cultures on the media of acetate,
glutamate and acetate-glutamate mixtures as carbon sources.

Under anaerobic, light culture, the growth on the acetate-glutamate
mixtures was very rapid than those on single carbon source but the final
growth yields were nearly same. Under aerobic, dark culture, the growth on
the acetate-glutamate mixtures was more rapid than that of anaerobic light,

culture. But growths on single carbon sources were very poor till 240 hours.

+ 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 February, 1997.



The consumptions of carbon sources were increased proportionally to the
increase of growth on single carbon sources in both dark and light culture,
but in case of cultures on mixed carbon sources, the consumption of acetate
was much of glutamate in both cultures.

According to these result it is postulated that the effect of
acetate-glutamate mixtures on the growth of Rhodospirillum rubrum is
synergistic and glutamate has a role of promoting the consumption of acetate

in some way.
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