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ABSTRACT

Lee, Yung Nok and Chin, Pyung (Dept. of Biology, Korea University, Seoul, Korea) :
Action of ascorbic acid indoleacetic acid on the oxidation of succinate and coupled phosphor-
ylation in Chlorella mitochondria. Kor. Jour. Microbiol., Vol. 2, No.1 p 12—16 (1964)

Mitochondria were isolated from Chlorella ellipsoidea and the action of ascorbic acid and
indoleacetic acid on the succinate oxidation and coupled phosphorylation in mitochondria
suspension were examined.

Oxidation of succinate used as substrate, and phosphorylation coupled to oxidation wcie
strikingly enhanced by the addition of ascorbic acid, while in case of indoleacetic acid it were
a little.

In a view of phosphorylative efficiency, P/O ratio resulting from the addition of ascorbic
acid was decreased and it may be considered as the result of a partial oxidation of uscorbate

in mitochondria.
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1) This work was supported in part by a grant made by the Ministry of Education of Korea.
Abbreviations: Tris, trisChydroxymethyl) aminomethane; ADP, ATP, adenosine di-, triphosphate;
EDTA, ethylenediamintetraacetate; DPN, diphosphopyridine nucleotide or mnicotinamide-adenine
dinucleotide; DPNH, reduced DPN; PN, pyridine nucleotides or nicotinamide nucleotides.

2) The medium contained the following per liter: KNOs, 5g; MgSOy, 2.5g; KH,PO,. 1.25g; M/100
FeSO; sol., 1 ml and Arnon’s “Ag” (Dsol., 1ml
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0.005M Tris buffer 8 0.006M EDTA & 34usle=
BRE(pH 7.0 02 0°C #§54121 Ten-Broeck
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5,000 r.p.o. o) 4] ZOMHRERE R
pH = 10% NaOH j5& A4 pH7.42 =} 3§
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1.500G )41 10 734 @023 REste chloroplast & B

#4 homogenate 2}

H& o2 EEBR-E 15,000G o 4 2040 oS
st R RFE A4+

Mitochondria = =}2] 0.25M sucrose o= 5
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Table I. Effect of ascorbic acid and TAA on the oxidation of succinate by Chlorella mitochondria

Incubation

om
Expt i mixture Substratc
1 ' Complete Succinate

‘ Complete Succinate
Complete Succinate

Complete Succinate

Complete Succinate

2 Complete ! Succinate
Complete I Succinate

Complete 1 Succinate

Complete ? Succinate

Complete Y Succinate

|

T

pl 02 Uptaken /

Additions l 40 min. /Vessel*

| 22.60
Ascorbate (0.01mM) 32.12
Ascorbate (0.1 mM) ; 34.51
Ascorbate (1 mM) | 60.75
Ascorbate (10 mM) : 95.31

! 22.65
IAA (0.00 ;M) | 22.76
IAA (01 mM ‘ 23.01
TAA(CT mM) | 28.48
1TAA @ mM) | 30.17

* Vessel contained 2 yl (packed Volume ) of mitochondria
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Table 19 Fig. 164 n: wet 2ol BES 8
WEo. A 7l%) ascorbic acid 9 TAA o FELS] MM
(0.01 mM—10 mM)s] =& A2 @it o
ascorbic acid = 0.1 mM Mg 4 He Sl #®
meE 2gt.

7o gl glo]l A = ascorbic acid o] {58 BHE

WA Wit IAA S k3 @inwc d438 &
& BEE vE gt
Table ] ¢ oxidative phosphorylation ¢ff #] & =

ascorbic acid ¢} IAA 9 4 & R}

ATP el K% MEHBE(PD ) #3542 ascorbic
acid 9 TAA 9 #A7bo] (sl BHRBER =t Hinssl
SOEEE K A mhasbx 2 AR ascorbic
acid 9 [AA o P& e #ine] =et Hlive = 1
Jmebg ek, 8 v} ascorbic acid ¥ TAA o EHsI=
oxidative phosphorylation 9 @M= R EY
MWl bk v &g vhEbi g

I oxidative phosphorylation & &<l 4 3=
0.01 mM 9] ascorbic acid 7} F-¢]# &< P/O ratio
b 1.7029 Hd 10mMel gieiAdes 1.042 2
o] WbstE, 0.00mM 9 IAA 7F Foj3 &)
% P/O ratio 7 1.72 914 ¥l 3 10mM o] 4 = 1.61
2 Wostdeh

S gy e = Ei{k % oxidative phosphorylation ¢l
olof A 8] ERIGIE Wt MREHES) ester 1= ascorbic

-
e

the oxidation of succinate by Chlorella acid ¢} TAA o) {ks] (R g1t 2 FORE A
mitochondria = EHiiEee) P/O ratioql 17.371 wrh deizlz 8}
Table II. Effect of ascorbic acid and IAA on Chlorella mitochondrial phosphorylation
. Uptake of : .
Expt. Additions oxygen ‘ Uptake of Pi P:0
patoms/40 ‘ praoles/40 "‘
min. /vessel* ! min. /vessel* ‘

1 Control 1.8 | 3.20 1.74
Ascorbate(0. 01lmM) 2.61 i 4.64 | 1.70
Ascorbate(0.1 mM) 2.80 : 4.32 1.54
Ascorbate( 1 mM) 4.94 6.60 1 1.33
Ascorbate( 10 mM) 7.87 8.12 1.04

2 “ Control 1.84 3.15 1.72
I'A A (0.0lmM) 1.85 3.19 1.72
I AA(©1mM) 1.87 3.23 : 1.72
IAACL mM) 2.31 3.67 % 1.59

| TAACwmM 2.45 3.94 L6l

* Vessel contained 2 gl (packed volume) of mitochondria
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Fig. 2. Effect of ascorbic acid and IAA on
Chlorella mitochondrial phosphorylation

. % Fig. 2914 20| vl o] ascorbic acid =
IAAn = fA8 RRbBRN A succinate 9 B
{63 oxidative phosphorylation & #fn4l 7] 9l o
vk #l4she] P/O ratio = wod
x¥ ¥
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ARGl Bl Bse{bii - ascorbate o] {5l &
A3 s g ot P/O ratio = Y KT .
Succinate & #{k9} oxidative phosphorylation o] »)
7] & ascorbate 9] o} ] 3t {4 = succinate 9 #
LR RS BEKARY jhiko] ascorbate of 2f
A kR e KESEs A ow 4 7= o, succinate
9] Lo = succinate @+ cytochrome C ol 3}
1}2] phosphorylation step o] 2 3L(7) =& 319
phosphorylation step ¢] cytochrome C 9} O, fijo) =
2i=k. (14), we}b4] succinic dehydrogenase 2+ cyto-

]

1. Chlorella ellipsoidea 9 <] mitochondria &

iy ke

chrome oxidase & ¥EdEo] %Fg+ ascorbate & iR
M(8)% succinate & Eifh Bk obvl gt of &+ A=
BmbEEs Bl ¢ 498 Al

o} o] 9422 succinate 8 Fifkel 4wl B
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#olyl = st EfE 5 9212, 13) ol ¥ g asc-
orbate o] b= HMEBAKES (A oz
(14) ascorbate & ol {£3 P/O ratio o {EF+&

o) 2] 4+ ascorbate M9 Wikl = -Hol 4 A
Zet.

Succinate 7} BRI ALE 4% 4 mitochondria
a4 PN we Hto] @, @ 2gH

succinate ¢ Eg{h& pyridine nucleotide o} {H#% B
= de fE PN o4
7F= & system & o) & A @ivE A
ez 13YE energy 7t DPN & @il #f2
4 sizte Ae BRgE =23 Azzon(2)E W
energy phosphate &  §fi#§4]7 mitochondria ol 4
ATP & 3713t succinate o Fg{brt Eig] = K
##o] mitochondria PN o 7% #75< #Wm=
cba sbgi ek, siElH schachinger(17) &
dria PN o $#{ho} b =} Bl B3 9
gzoll A pyridine nucleotide 7+ #fk=l = 4 ATP &K
o] sl W= oha @Sk sk, webA K
Fefoafae] glel4] succinate o Efb o = —HHe
Wil )7 B2 mitochondria PN o Fg{kigicot B
st PRGNS & BT AAA "= s
e

ATEBRS el A succinate o Wik 2 ol 9 B
Bﬂlﬂ Bl TAA O (K3l #F s R
o DPNH & Fftsle BERY EHS #\RA5)
= [AA Y HBEMWI fEAS G 24 [
IAA o} o] & & [RHEFCE &= succinate o Egfhell
#=l o] 7% mitochondria o #|itY PN o] Bk
2= A Rigta 9S24 ABmAREe Ens
ol mRE MRSt A=,

L
succinate 9|  ER{Le  ERAGAY SRR AL BE S

1z O

=2 potential &
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mitochon-

lr n'o

A
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~

5



16
acid & B A=A gk,

KOR. JOUR. MICROBIO.

{Vol.2, No.1

3. BRRMEHES) HAEA A 2 ascorbic acid 8] 95te] P/O ratio & &4 B = 9= o] &= ascorbate
9 —#%7} mitochondria o] A B{E=l ] ZHE St A 2hel o,

REFERENCE

1) Amon, D. 1., 1938. Microelements in culture-
solution experiments with high plant. Am. J.
Bot., 25, 322-325.

2) Azzone, G. E., Ernster, L., & Klingenberg, M.,
1961. Cited in Azzone, Demonstration of a requ-
irement of high energy phosphate for the aerobic
oxidation of succinate in liver mitochondria. J.
Biol. Chem., 235, 1518.

3) Birt, L. M., & Bartley, W., 1960, The pyridine
nucleotide metabolism of mitochondria incubated
with and without added substrates and metholic
inhibitors. Biochem. J., 76, 427-438.

4) Chance, B., 1954. Enzyme mechanisms in living
cells. In : A symposium on the mechanism of

W. D. & Glass, B,
eds. The Johns Hopkins Press, Baltimore, p 399
-460.

5) Chance, B., Garfinkel, D., Higgins, J., & Hess,
B., 1960. Metabolic Control Mechanisms. V. A

solution for the equations representing interaction

enzyme action. McElroy,

between glycolysis and respiration in ascites
tumor cells. J. Biol. Chem., 235, 2426-2439.

6) Fiske, C. H.,, & Subbarow, Y., 1925. The
colorometric determination of phosphorus. J. Biol.,
66, 375-400.

7) Greengard, P., Mennaert, K., Slater, E.C., &
Betel, 1., 1959. Yield of oxidative phosphorylation

assoctated with the oxdation of succinate to
fumarate. Biochem. J., 73, 637.
8) Harrer, C. J., & King, C. G., 1941. Ascorbic

acid deficiency and enzyme activity in guinea pig
tissues. J. Biol. Chem., 138, 111.
9) Hawtrey, A. O., & Silk, M. H., 1960. Mitoc-

16

hondria of the Ehrlich ascites-tumor cell. Isolaton
and studies of oxidative phosphorylation. Biochem.
1., 74, 21-26.

10. Hunter, F.E., Jr., Levy, J.F., Fink, J., Schuts,
B., Guerra, F., & Hurwits, FA., 1959, Studies
on the mechanism by which anaerobiosis preven-
ts swelling of mitochondria in vitro: Effect of-
electron transport chain inhibitors, J. Biol. Chem.,
234, 2176.

11) Jackson, P.C., Hendricks, S.B., & Vasta,B.M.,
1962. Phosphorylation by barley root mitochon-
dria and phosphate absorption by barley roots.
Plant Physiol. 37, 8-17.

12) Legninger, A.L., UL Hassan, M.,& Sudduth,
H.C., Phosphorylation coupled to the oxidation
of ascorbic acid by isolated mitochondria. J. Biol.
Chem, 219, 911,

13) Maley, G.F., & Lardy, H.A., 1954, Phospho-
rylation coupled with the oxidation of reduced
cytochrome C. J. Biol. Chem., 210,903,

14) Morrison, M., Hollocher, T.,& Stotz, E., Cited
in Morrison, Bivlogical oxidation. Ann. Rev.
Biochem., 30, 11-44.

15) Packer, L., 1950.
states of mitochondria, 1. Regulation by adenos-
ine diphosphate. ). Biol. Chem., 235,242,

16) Price, C.A., 1955, Cited in Hackett, Recent

Rev.

Metabolic and structural

studies on plant mitochondria. Internal.
Cytol., 1V, 143-195,

17) Schachinger, L., Eisenhardt, R., & Chance,
B., 1961. Cited in Morrison, Biological oxidation.
Ann., Rev. Biochem., 30, 11-44,

18) Umbreit, W.W., Burris, R.H., & Stauffer, J.
F., 1957. Ed.
Burgress Publishing Co. Minneapolis, Minn.

Manometric techniques. Rev.



