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Chemical Interaction of L-Ascorbic Acid with Ferritin Molecule
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This study consisted of designing a sensitive assay to measure the rate of L-ascorbic acid (AsA)-prompted
release of ferritin iron, the use of ferrozine as a chelating agent to trap releases Fe(Il). The initial rate of

iron release was measured in the appearance of Fe(ferrozine)s®'

at 562 nm. The release of iron from ferritin

by AsA was dependent on time and AsA conditions under aerobic and anaerobic conditions. Effect of oxygen
on the release of iron from ferritin was also confirmed. It was suggested that the release of iron from ferritin

was participate not only AsA but also Oz. In this study, it was found that iron can be released from ferritin
and chelate as Fe(ferrozine)s>" and the release was more than 50% in the presence of AsA without Oz~. Based
on the findings, the following can be assumed (1) AsA is diffused into ferritin (2) ferric ion is reduced to ferrous

ion (3) is diffused from ferritin.
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L-ascorbic acid(AsA)= A1 2 AAA N aloiA o=
3] Fag AL sl 9lon, 53] AsAdlAbe} AL Al
2+ % kel sl WAl st A dA =] 9lvlka odelA] glA|
(1,2), Ag Zol A= oA W] A A &2 Ho|
AsAE BA oA o32] $AEEES- Soll Fod stz B9 7}
Z F5ol2, 53] H(Fe) & F(Cwel 59 FF5 o]
279 Aol E YA & viAfste] HAE Fa v
wrh(3,4). 1 bS] = AsAe] 247
Fastela Az A, A AL A 2 oA o
vbd o g A Ave A317] Hste] B BUHAS v
A4 2 271 B2 37 o] 22 el R 7| s, AA}
o] Fa1 yh-golu} drje]Fo] A o)A w2 A A uk-g-of
o83 Qdth4,5). A1 F Foll ZEH] U= AL F=Fe

I7F AL AV R F57F A ¢7) W&ol AsAst 7

e(ID = F8l ¥ o] Alo] x| Aol vt Ak Aol A

—r%“/P. 45 H& Fe(lll) & 4F3} ] o] apotransferrin}
%ato] transferrine & S} o] & XJ4 a4kl 8
ol 8tAl A EA Well 1ks o Fe(ll)S gho}, Al < ah A
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2213k Aks) gl uk-g-S ukE-sle] A A Fe(lDE = o] apo-
2 A) <] ferrmnii HoH6). o]

ferritin® 256 B2 we HJ%% < gl = o] Fe(ID)
7<a,,,]. ﬁﬁla—].oq he—
moglobin2. & ¥t} o]2fgte] A& ‘g Al A A A
02 el 2 FA13kn 9luk o o] ferritin

g A9l pofemtm 1827} 200070
o 37} Ao A Aol P erritin> A& HA &A= £33}
3t Q1A ¢, 2+ 31 4, = dithionite(7), thiols(7,8), AsA
(89), dihydroflavins(10), 02 (11-15) -2 &2 ol &l A
o] Fe<11)4 ez felEE Aol nase] gl AF7hA
“ofl &3} ferritin e E -6 Ao f-2lFAlol Het Ll @

7, ASA-4 Ag A gl 9ol A TS o] & EA Y f-F
of FAIGle] O 7} A 3H= A o] whsl A 3lrh(16-18). &+,
Bienfait¢} Van Den Briel(9)-& AsA$] Akslol o3l A3}
= monodehydro L-ascorbic acid(MDAsA)7} 34 2l 24
A28} 31, ferritine. 25E A& F z‘s}h AsA®) w7 &
off e O 7 83 FAEA 3ol A& Bus
Ak A7V, ferritin > 256 A& feldt= st Eat 2
o AsA9] &g gl v o) qleta ApERch
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AsA®} & BlA A fall gt ferritin 22 2 MOPS [3-
(N-morpholino)propanesulfonic acid]-== Sigma 3}3HF) &
FA & A3 o} Ferrozine [3-(2-pyridyl)-5,6-diphenyl-
1,2,4-triazine—p,p’ —disulfonic acid, monosodium salt hydrate,
97%1- Aldrich 33H(F)9] AEFE& AHEstsdc).

S8 2 A= 0.1 M9 MOPSel| 0.1 M2 NaOHE #
7}sle] pH 7.00 4|38}, Chelex-100(100~200 mesh, B}
o] &#(F)2 column{column size; 0.9% 18 cm)& E3}HA1A
FTEEFTE AAGT AL o83k H(18). &4, F13 =4
ol 2] Afell e 2 FHg AN} Frlste] L4359
o} Aol A F3 A48 AsAE = 0.05 mM, ferrozine-&
1 mM, ferritin 0.6 uM®] FE=& AH8-3l3ict.
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Ferritin2252 6 7|3t Ho &
Ao &= ferrozine®] 27 Hof B¢ A& =
ki &, AsA7} ferritin & 248 A&
H Fe(l)®] 2 #lo] EA B4 ferrozines AH8-319 ¥, 4=
562 nmel| 41 2] Fe(ferrozine)s & U-3210 spectrophotometer
(Hitachi) & o-&-3 4 A 3tadct. Ao feldre Tdo
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AEA)s} ulastoich, 4 29 EY W FREF
nmvbeh 245l a2 e et WA, ferritin®)

S AT A-(A)E AHEH WA ZE 0 of A& 562 nm

HAZA AH A el Q5-& o ¢ o) =3 ferritin
ol ferrozine® &E¢3te] FAIZke] A= 2= EF ] W}
E Bolx] ¢ AM)olu, AsAd ferritind A7 A -9-(C)
= ~# e 9 W= vpehulA] 4ottt of Z = Boyerst
McCleary(5)9] ZAzte} A xstadch w8, AsA9 ferrozine
9] kgl Zol A ferriting A7HF (D)= 1k-&- A 7ho]
7t we} 562 nmell FFFHE 2= AE &+

t}. o] & Felferrozine)s” & A4 o] Al 7}el o &3hc}
3} AsAol &3 ferritine 258 AL fe| A zch= A
Al glol w3k AsA9) ferrozine2 83 4 $-(E) & 562
nmell FFIFoE vebiA] @3 147 A s 2 E
g Wishs vehtx] ostel ol & AR Ko} 562 nmell 4] 2
eI AsAd 93 ferritine 2% f-2l9 AL ferr-
ozine®] trop¥t A& @3 4= 9l e} Boyere} McCleary
(5)= 2718 Aelell glelA AsAel 94 ferritine 25 ¥
Ao & »ysl 7 ok th-& 2 & Boyerst McCleary(5)
ATE F12 sl 3714 2 P74 =4 3ol A AsA
23t ferritine 248 Aol fel& XAttt
2718 @ o7 =2 stollMel AsAol 2ist HE
AsAcl 2% ferritin® 258 A9 {8 & Fig. 29 vt
Wadet. Fig. 200 vhebst AA " &30 562 nmell A AsA
off )& ferritin>. 2] Ao} fr2)7p s ek w-&A1 7 0F
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Fig. 1. Spectral changes of ferritin iron release.
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A: 0.6 UM ferritin in MOPS buffer, B: 1 mM ferrozine+0.6 M ferritin in MOPS buffer, C: 50 1M AsA +0.6 BM ferritin in MOPS buffer,
D: 50 pM AsA+1 mM ferrozine+0.6 UM ferritin in MOPS buffer, E: 50 pM AsA+1 mM ferrozine in MOPS buffer. Reaction time:
0 min (a solid line), 60 min (a dotted line). Reaction temperature: 27°C.
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Fig. 2 Iron release from ferritin by AsA under aerobic conditon.
Concentrations: 0.05 mM, 1.5 mM, 7.5 mM AsA, 1 mM ferrozine, 0.6 uM ferritin. Reaction solution: 0.1 M MOPS buffer, pH 7.0 (treated-

Chelex 100). Reaction time: 0 min, 15 min, 30 min, 45 min, 60 min. Reaction temperature: 27°C.
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Z+2} 0.12, 0.37, 18] 22 0.775 Yl 2.2 2 ferritin @ & -
B Ao felo s AsAd T EAE &3} AL &
T ddrh
=3}, Fig. 39+ A1 2ke] A mhe} @A) Z7}38l+ Felferro-
zine)s” 9} f8] £ =& Jehlisich AsAS) =7} 0.05 mM,
L5 mM. 212132 7.5 mM#] 7§, AsAdl| 2|3} ferritin . 2%
Bl $r2]® Fe(ferrozine)s” = 187k 7+t 0.07 umole, 0.2 1t
mole, 722] 3 0.5 umoleo] g}, whelx], AsA =x2] Z7}e]
o8, = A7k Aol o3 ferritine & Y& Ao Fe|7}
Z7}she 712 Boyer®} McCleary(5)9) o1 +23}9} §-413}H
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Fig. 3. Initial rate of ferritin iron release as a function of AsA
concentration under aerobic condition.
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Fig. 5. Initial rate of ferritin iron release as a function of AsA
concentration under anaerobic condition.
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Fig. 4 Iron release from ferritin by AsA under anaerobic condition.
Concentrations: 0.05 mM, 1.5 mM, 7.5 mM AsA, 1 mM ferrozine. 0.6 UM ferritin. Reaction solution: 0.1 M MOPS buffer, pH 7.0 (treated-
Chelex 100). Reaction time: 30 min, 1 hr, 1.5 hr, 2 hr. Reaction temperature: 27°C.
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Fig. 6. Changes in the iron release from ferritin under aerobic
and anaerobic conditions by AsA.

Concentrations: 0.05 mM AsA, 1 mM ferrozine, 0.6 UM ferritin.
Reaction solution: 0.1 M MOPS buffer, pH 7.0 (treated-Chelex
100). Reaction time: 1 hr, 2 hr, 3 hr, 4 hr. Reaction temperature:
27°C. A: anaerobic condition (a solid line), B: aerobic condition
(a dotted line).
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Zrsjol Ak gk 15 mM 2 75 mM AsA®) A= 7hzt
oF 60%7F &7 A 27 slollA] ferritine. 25 € B9 F2 &
olnl 3tz AsAel 57} EolA £ 0.05 mM AsA®] 7§
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Table 1. Iron release from ferritin by AsA under aerobic and
anaerobic conditions
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Fig. 7. Iron release from ferritin by AsA under aerobic and anaerobic conditions.
Concentrations: 0.05 mM, 1.5 mM, 7.5 mM AsA, 1 mM ferrozine, 0.6 UM ferritin. Reaction solution: 0.1 M MOPS buffer, pH 7.0 (treated-
Chelex 100), Reaction time: 60 min. Reaction temperature: 27°C. Aaerobic condition (thick line), anaerobic condition (thin line).
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Oy ol & ferritine. 28 Ao o I3 Ry
Bolann¥} Ulvik(24)¢] superoxide dismutase(SOD)E ©]-§-
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% 562 nmell A Felferrozine)s 2] el & 235t
AHgslsdch 3714 2 87)1H 27 st A AsAel 9

& A B A3 ferritin e ZF-¥ Ao -2 thafA
AsA9] FX g A7k Z7tel o EEE S o 5 slAdch
w3 ferritin & 2 58] A o frefoll QloA Abae] S A
HE Axf, 7pA g e 4~ ER U] &3 2o
A& 3714 2 714 240 8 ZFolA ferritin 2 5-E
Aol fe| & gasto] akao] od gko] reputy, )4 =4
stol| A B} 5713 271 3lel| A2 ferritine = -8 H 2|
2|7} Srske Aol A=t F, ferritine 248 H &
frelshadl 0271 Tod &t 7hsAd o] vhelygoh, et &

) rf-l
mlo

4

odt
10

T AT a] WA 1A o) 57]4 9 @7)H 27 3}
of| A 562 nmell 48] EF =S AR Ax 374 27 Fol
A SE)® "ol 50% olako] AsA AAlel ois], YA =
AsAS)} Ab a3 abele] nkgo os A7 0. o ogeha A
zhelo] Z et A 744 ferritin. 2 HE 9] 2l 0 ¢ 9
g Aolghis Bk wekAl g, o] Aol 23 ferritin > 24
g] Ao gl 0,7} #edstAn, 233 e AR &
7 ol4 AsAZF Fslche Aol vz

Ho
T

1. Bielski BH]J. 1982. Ascorbic acid: Chemistry, metabolism,
and uses. Seib PA, Tolbert BM, eds. American Chemical
Society, Washington. p 81-100.

2. Harel S. 1994. Oxidation of ascorbic acid and metal ions
as affected by NaCl. J Agric Food Chem 42t 2402-2406.

3, Martell AE. 1982. Ascorbic acid: Chemistry, metabolism,
and uses. Seib PA, Tolbert BM, eds. American Chemical
Society, Washington. p 153-178.

4. Buettner GR. 1986. Ascorbate autoxidation in the presence
of iron and copper chelates. Free Rad Res Comms 1: 349-
353.

5. Boyer RF, McCleary CJ. 1987. Superoxide ion as a primary
reductant in ascorbate-mediated ferritin iron release. J
Free Rad Biol Med 3: 389-39.

6. Crichton RR. 1973. Structure and function of ferritin. Angew
Chem Internat Edit 12: 57-65.

7. Funk F, Lenders ], Crichton RR, Schneider W. 1985, Reduc-
tive mobilization of ferritin iron. Eur J Biochem 152: 167~
172.

8. Mazur A, Baez S, Shorr E. 1955. The mechanism of iron
release from ferritin as releated to its biological properties.
J Biol Chem 213: 147-160.

9. Bienfait HF, Van Den Briel ML. 1980. Rapid mobilizatiion of
ferritin iron by ascorbate in the presence of oxygen. Bio-
chemical et Biophysica Acta 631: 507-510.

10. Jones T, Spencer R, Walsh C. 1978. Mechanism and kinetics
of iron release from ferritin by dihydroflavin analogues.
Biochemistry 17: 4011-4017.

11. Biemond P, van Eijk Hg, Swaak AJG, Koster JF. 1984. Iron
mobilization from ferritin by superoxide derived from stim-
ulated polymorphonuclear leukocytes. J Clin Invest 73:
1576-1579.

12. Thomas CE, Morchouse LA, Aust SD. 1985. Ferritin and
superoxide—dependent lipid peroxidation. J Biol Chem 260:
3275-3280.

13. Saito M, Thomas CE, Aust SD. 1985. Paraquat and ferritin-
dependent lipid peroxidation. J Free Rad Biol Med 1: 179~
185.

14, Thomas CE, Aust SD. 1986. Release of iron from ferritin
by cardiotoxic anthracycline antibiotics. Arch Biochem
Biophys 248: 684-689.

15. Biemond P, Swaak AJK, Beindorff CM, Koster JF. 1986.
Superoxide—dependent and -independent mechanism of iron
mobilization from ferritin by xanthine oxidase. Biochem J
239: 169-173.

16. Scarpa M, Stevanato R, Viglino P, Rigo A. 1983. Superoxide
ion as active intermediate in the autoxidation of ascorbate
by molecular oxygen. J Biol Chem 258 6695-6697.

17. Miyake N, Kim M, Kurata T. 1997. Formation mechanism
of monodehydro-L-ascorbic acid and superoxide anion in



548

18.

19.

20.

21.

the autoxidation of L-ascorbic acid. Biosci Biotech Bio~
chem 61: 1693-1695.

Kim M. 2001. Formation of superoxide anion in the autox—
idation of L-ascorbic acid in the presence of heavy metal
ions. Korean J Food Sci Technol 33: 378-383.

Harrison PM. 1986. The structure and function of ferritin.
Biochemical Education 14: 154-162.

Stookey LL. 1970. Ferrozine—-A new spectrophotometric re—
agent for iron. Anal Chem 42: 779-781.

Sirivech S, Frieden E, Osaki S. 1974, The release of iron

22.

23.

24.

from horse spleen ferritin by reduced flavins. Biochem J
143: 311-315.

Harrison PM, Hoy TG, Macara IG, Hoare R]. 1974. Ferritin
iron uptake and release. Biochem J 143: 445-451.

John T, Spencer R, Walsh C. 1978. Mechanism and kinetics
of iron release from ferritin by dihydroflavin analogues.
American Chemical Society 17: 4011-4017.

Bolann B], Ulvik R]. 1987. Release of iron from ferritin by
xanthin oxidase role of the superoxide radical. Biochem J
243: 55-59.

(2003 10% 319 A= 20049 29 10 A=)



