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ABSTRACT It is known that hepatic IRP spontaneous activity increases rapidly and ferritin and mitochon-
drial aconitase concentrations decrease differentially in iron deficient rats. Since there is limited information
concerning the molecular response of the liver and muscies to iron repletion in vivo, this study was designed to
compare the time-course IRPs, mitochondrial and cytosolic aconitases response in the liver and muscles 1o iron
depletion and repletion using a rat model. Among thirty weanling male Wistar rats, five were assigned as con-
trol group feeding on an AIN-76 diet, and the rest were rendered anemic by feeding an iron-free AIN-76 diet for
17 days. Then the 5 control rats and 5 anemic rats were killed for analysis. The remaining 20 anemic rats were
randomly assigned into two groups: & depletion group continuing on the iron-free diet, and a repletion diet
switching to the normal AIN-76 diet. Five rats from each group were killed at the second and the ninth days af-
ter iron repletion, and blood, liver and muscle from hind limb were collected. Cytosol and mitochondria were
fractionated and used for analysis. Iron depletion resulted in increased spontaneous activity of IRP1 and IRP2
(1.47 10 1.9 times of the control) and reduced specific activity of mitochandrial aconitase (60% to 72% of the
control) from both liver and muscle. IRP1 and IRP2 activities were differentially affected by iron repletion, and
liver and muscle had different patterns of time-course response. Activity of mitochondrial aconitase increased
during iron repletion in both liver and muscle. During iron depletion, the activity of cytosolic aconitase in-
creased in liver, while it decreased in muscle, which implied impaired assembly of iron-sulfur proteins due to
lactic acidosis in the muscle.
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WE RIS R2EE REDE SR ME,
RERRE 82~86 F [BIRERBBMRGBERNE)
FERER . EEUL LB A EES TR 2.1%,
ZHERS 10.7% Y5 BLABSELAES MAE AR~ A1
HESE, MAMEL XS ERESEREN
B, WMEELEEBEREEEENIRMAM &,
BRI EES B R E AR L E, $2%
VTR CHBERYE, EfEEEESEMNRME
HET, BFIUERESROMER. ATP B4, &2
RE M DNA SRS A BB A A TR IR g
IRMZKBERE AT IR RERE T, B B F A Sk
HEHEA R, ERREE.

EFREESEMBRENE TN, EMiElHe
ROTH 2 B R RRET, M BRI E BRIy
Y, BRI A BB, HENEEaeR
EEF: HREETHESE IRPs (iron regulatory
proteins) E ferritin, #LOLER 5-amino levulinate syn-
thase {eALLAS) . transferrin receptor F1H/ #3552 a-
conitase (m-ACO) mRNA 5%l IRE (iron responsive
element)®, IRE B & stem-loop 15 &, % fer-
ritin, eALAS B m-ACO, IRE F7EH mRNA Y
5’'UTR (untranslated region) ¥rj, 22 IRP #5&GE&
HEEOENESEAE R, ¥ transferrin receptor,
IRE HF#7EH mRNA B7 Y UTR i, £ IRP &5 &
I mRNA WEEN, EMEBNEESEEERE,
IRPs 82 IRE W#5& SO I P i e B A o T
ferritin 8 transferrin receptor 5 & A B &1 W5EE
BEERES LM, ferritin 2K 4>, T transfer-
rin receptor B B ¥ I0; S E S A ferritin 2
0, T transferrin receptor B H A, H4:,
W Bk R T ferritin B m-ACO B[R RIME L, &
HISMEEETEREENED, SBEHERET
ERREMEmMY,

BRIE4 IRPs HM 8, RBRLEBRMLR
IRP1 82 IRP2, 43 FE453 A5 98 kDa £ 105 kDa,
MEMZRITER IRP2 Ltk IRP1 £ 7 79 {ERAEERE
X, E IRP2 BB #3518 (spontaneous activity)
A 2-mercaptoethanol (2-ME ) B 3 T ¥ ',
IRP1 E—MESELIRERVER O E, nILMRB AL HLA B

IGTER) aconitase, HIE A S#-FES T [4Fe-4S]
cluster, ¥ HE [4Fe-4S] cluster, AEEEMIE
BHTHEE ¢-ACO (cytosolic aconitase)”, i,
MIMERY IRPL 82 IRP2 N EBEEHGEZ LA, |
ERETE HRFEREEREN ACO, HF
—ERT (2~4%) FERLERF Lk [4Fe-4S] cluster
MiE{LEY IRPLY; MM IRP2 RELBEA, BLEIRE
FEHHRE, BENRFRHREEREARES .

REHHRFER, ERB=HEGEENE
IRPs i1, FEESERL, IRP1# IRP2 E BT
P B, HE M HRE S RESHEE, FER fer-
ritin B8 m-ACO EWE TREEEY, B fer-
ritin BPRMLIE BB AY, HARBRHRENEE
B, AT 2 R, B IRPs IS MERE
ETtE, HALLIRP2 IS EE IRPL F & fer-
ritin $2 m-ACO WA th A g2 51, LA ferritin B
BURE R B S IR, X5 IRPs ¥ 5-IRE #9FE &
ERSEEHTY,

TRT B4, FRINEHEERNEE,
ER BRIt E 52 M B SN & M
RNERE. REAWASEREGRES UL
##E, M cytochrome ¢, DARFIHR S & @B
% cytochrome oxidase H succinate dehydrogenase &
RTETE, B NRENECEES, TTREE BB
EmAIEERE (VO, max) 4 AR EER Xk
BREEY, AMBLHEEL, NARERSIR
NEEILEENAEREEATIRE, EEE (95% O,)
BEIRE M EBRE N RIER HE, ALATIEE
FEY, RIZMNZEEE,

EANAT IR IRPs ¥ R8RS FEBUR T o3,
HE ST R RIS MER A&, Bl S L
P S TR 7 F R BIFT R0 B B, JH DK BBk 8
— M EREE WIS AL A P IRPs. fer-
ritin, c-ACO B m-ACO By8L, LIRSS EE
BRI E G E S FAEH], AP EBRNE R
2%,

B TT %

UARBHES, #ETHE (Fe depletion) - i
(Fe repletion) TEEx, IRAIMESL, FEE 50 ¢ & Wis-
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tar HERR 30 8, FEHGENR 25 EEALIG SR, Hek
SEXBEBEEZE#H# (Control, C, n=5), &4
RIS B IE 2 AIN76 R 5, &8 37 ppms
Hes el BTN AIN-76 £1EL , 248 3.0 ppm.
FR AR LA R LRI, 4347 L Rl S {8 LA 33
BE, %17 R B84 (Depletion, D) %% 5
LRGN 5 £, LBREGEARS BWMMETY
WEANMALREEARAE: 8 (Repletion, R, n
=10) RE LI EIEE 2 AIN-76 EK, &Rl
(Depletion, D, n=10) HEHEETLAGRERETR}, PR
BE2RE IR, BHESHEM S €. BURHGKE
Mk, TOLFFBEEEALP, Mo A R ks
FREBLUESMT o

.\ ¥ RENiR

EREYEE RS RS E RE
Lo REERIEBRBTHHMES, BYEREER
TE25+2T, HEREBEE 12 /K (06:00~18:00
RotHRHR, HeaRERE), farlREmTREaH
e, SHXUHEARBENSEERRE, HHE
HAE, RN ERERER AIN-76 LAY, #t
FEEEOINTET: 20% BEQ (Sigma,
USA). 65% EK#EY (Samyang genex, Korea).
5% HAHESR (JRS, Germany). 5% EITH (Fi—4
", B#), 3.5% AIN76 BWHEHEEY (7&
5. 1% AIN-76 £ ZBEESY. 0.3% FEEE
(Sigma, USA) #10.2% F2a# (Sigma, USA);:
IEF e eI AN A 35 ppm # (ferric cit-
rate), EE BB E IR AR ERELEH
ICN, Merck ¥ Sigma 5238],

=\ PEHEREmIE

EYreERER M —RRER, RLEHE
Pr@me|w Mm% (Sarstedt, Germany) B TFHEX
IR IM A, ABKER T AFRE, LL4C SEAEEA
(0.85% NaCl) ¥R, i 5 AR ER M L
TR E, BEERTEGRBENA, ME
B ERECTE, #BTIEE0 8,

O TR T BEgRY: Bianey
2 0.25 M FEfESY HDSC #2{E ¥ (50 mM Hepes, 1
mM dithiothreitol, 0.25 M sucrose, 2 mM citrate,
0.5 mg/L leupeptin, 0.2 mM phenylmethylsulfonyl

fluoride, pH 7.4), JEEFBSER 20% (w/v) S48
(homogenate ), L4 600 X g (KUBOTA 1900,
RAS80 rotor) F2 4T TEE{ 10 548, BIEELE
W, BLL15,000 X g (Beckman XL-900, 50.4 Ti
rotor) i3 4C THEL 30 4585 TIARR IR EG T
BihER ez LER, HhRiERaEtgsnes, A
HDSC #& 18 #%F78, FLL 10,000 x g (KUBOTA
1900) F4C THEL 10 4588, Wtk ="~, T
MeE M B RE S < L E IR {7 ML 105,000 % g
(Beckman XL-900) 2 4C T BE.(s 60 5388 (Beck-
man), LEWRAIGMEER. SFiES1E, iR
EMRE O BSEBRBER-70C LERBRERS
7o

() WL Z e B g B 1 g I BLEY JE
B, BIA 10 fEeTE< i HDSC 28, hukis
THBETER 45 28, B L 105,000 X g
(Beckman XL-900) 4T THEC 60 43748, B3 F
BN AR E R, WEI D LLT & leupeptin,
DTT. PMSF = HDSC & i i 8%, B 700
X g (KUBOTA 1900) 4C TR 10 5388, 20,
ETHEE— K, #ERLEER, B3 poly-
tron F1#, AfiLL HDSC #RE AL 10% S8, &
A/NEPR B A trypsin ( type 1@ crude from
potrcine pancreas; Sigma, USA) 0.35 mg/g muscle,
FHE 30 S @AM MIVE S, HA leupeptin,
DTT. PMSF LA R HE, #ELL 700 x g, 4T
THED 10 58 K, ZHRHRSESBES LB
1o, EIEWLL 10,000 X g 4T BEL 10 4
(KUBOTA 1900), {35545 08, LI HDSC
BEWAIRBEE, HLL10,000 X ¢ (KUBOTA
1900) Bl 10 538, ANMLIEHCRIARIE IR —2R, AT
B MEE RARFE BRI ER - 70C MEH®REE

E Vi

A, 2%RE

) Az & £ R E (hemoglobin, Hb): ¥ H
cyano-methemoglobin %, LI Drabkin's & | £
B LI YEYEEEE (Hitachi U-3400) 7EHZE 540
nm E 150K Y8, RLL 36.8 MM REEE (o
dL).

O 48 BN BB E BB HNO, I
H0, At 181638 (Milestone 2000 digestion/dry-
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ing module) 7 ERECE R, BHEERELEF
M EEEE (Hitachi 180-30) #ITE# & 284 nm 2
ff, BRI RRIRRE,

(2) BEBEF LA Aconitase (EC 4.2.1.3) #
MU H) H aconitase B isocitrate dehydrogenase
(EC 1.1.1.42) BEREERELR NADPH, aconi-
tase {IHE B IR 1 unit = B4 8L 1 pmol
NADP'. J21 mL ARERIMATIIREY: 0.5
M Tris-buffer (pH 8.0) 0.2 mL. 10 mM MgCl,
0.1 mL. 10 mM citrate 0.1 mL. 10 mM NADP".
10 units/mL isocitrate dehydrogenase, — 37K 0.4
ml BSL 20 pL, \|EHI 37C KIBRIE S 578,
EHMRRIETYE, EMENEEBERERIE,
12 37C R TR {EH ODy . B, BE1
SEEATRR—R, #FH S5 434 m-ACO B c-ACO i
MR At

o mE&SEe4E: ARG AFEEREY
(Western blot), B BMEERMBERENEER
9 mg/mL (A Lowry 52 8), #ERER 70T K
BR 10 4348, LL10,000 X g (KUBOTA 1900) K
Lo 10 AETERZFEVIBCERE, B HET
EREEK, BECEOEER 4 pg, BEREER
150 (R B, 15% SDS-PAGE Ef2, 1 /B, &
BT E O EEENS PVDF [, 1545 380 %
B, #30~40 2EE5EE, HUH PVDF R PBST
=R, BRI1058, B NET @B h = RE{TE
ZEITE (blocking), REBETREME, —HIE
B EERE HITEUH =~ rabbit anti-rat ferritin IgG, —
WL ¥ 5 anti-rabbit 1gG (biotinylated Ab, VEC-
TASTAIN}, avidine-alkaline phosphatase { VEC-
TASTAIN), 2 mL #m Xt EE ¥ (ECL, Amer-
sham), DA BioMax film (Kodak, USA) BEH 10~
0 BkER. BB,

(5) PRI A TRPs A B FHREE": 5
3 rat L-ferritin cDNA (H University of Wisconsin-
Madison & Dr. Eisenstein B€), A Smal (Promega)
IRk E AR A, EIfR SRk BUE YP-RIZ RNA
B8, BLL10% acrylamide/8 M urea BB EEHAL
IRE #£8t, BiRER 1 pL HIE P BEHEE, BLE
H IRE et s s, MIE LA Lowry
HEERAERE", DKEEERE (10 mM Hepes,
3 mM MgCl,, 40 mM KCI, 1 mM DTT, pH 7.6)

g, FEESHEBES 0.375 mg/ml, S{ESH
B m 20 L, AISMELREER 7.5 e,
A 20 fmol IRE BREHES) (72 5 FE thin 1541,
FTinAsHEst 2R HE1E IRP &, SPEXKET A58
RERBOHIFHRST, HEREEREAXH), B
ERETHE K IE 10 5488, MA 2 pl heparin (5
mg/mL) EE, BERTHERE 10 /68, BLL
REEIEH— S, ZHBEITEWK, Ll 4% non-de-
naturing polvacrylamide gel, 0.5 {& TBE & ik #&
(89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH
8.0), 300 REF<EHBET, &R (85C) &7
1.5 /NEE (Hoefer SE-600 S8 {KIRE 7 NEWK),
B SR CIERRL LS, DBEEES (G
dryer, Bio-Rad) 7 80T & 1 /M, BLL X-O-
MAT ARJEF (Kodak, USA) &, B TSR
R b IRE-IRPs f5& & < W%, DANEspIsac
#(28 (Beckman LS5000 CE) BI%E *P M&iEME, Bl
AR EEERS S IRP B#iE . Mg IRP1 /8
BohRIRER 1 pg ZBEEHER 20 oL KERER,
WA IRE B, J6BA 5% 2 2-ME S=iRE 2 45
ELREERFE/LEAE IRE S4E%Z IRPL %,
FFERAT gel retardation 73T iER, FrFEBEs: ., 2EH
e 5 R H Merck B Sigma 2V .

h. |ETDH

(R] — BeF [i] 5 5k 455 B 4 5% 7 AH <2 8] By 22 B2 LA
Student’s t test . HEFHEEE 2 HEIRVH
MRS EHEENER L BEETFRABE (general-
ized linear model) #, B LA Duncan’s multiple range
test 7347, FFREEMEKHERER p < 0.05; tERRME
¥R Pearson correlation 537, IEFEF A HTHR H SAS
#EE (SAS6.11, Cary, NC. USA) LAEREEAIT.

= =

—, REEAEEER, BEREBSENRE

RS M X FEE L B AE AN, R
EkigE, DA THYEE., BREINEE, 6
B E R ERF SR EEZER CHE (F—),
Wi E B aEE LAt DL D AR BE, SR8 C
#lz 67% B 86% . fIREE, RMAREBEMEEWH
MRS : HE#2KR, RETHRBE
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Table 1. Dietary iren depletion and repletion affected growth, food consumption, tissue iron content and
hemoglobin concentration in rats'.
Fe depletion 2-day Fe repletion 9-day Fe repletion
Control Depletion Repleted Depletion Repleted Depletion
(Cy (D) (R) . (D) (R) (D)
Rat number {n) 5 5 5 5 5 5
Initial body weight (g/rat) 51£5 516" 128+ 11° 130+ 16* 1299 120 £11°
Final body weight (g/rat} 152+8 119+ 15°% 140+12 138 +17 187 +12¢ 162 +£20°"
Body weight gain (g/day/rat)  6.0+0.4 4.020.6"  6.2+1.0° 4.440.4"  6.5:0.4° 3.6£1.3%
Food intake (g/day/rat) 13.1+0.8 10.0+1.2° 9.8+1.3° 8.9t .4 15.8+0.9 12.0%£1.7°"
Feed efficiency® (%) 0.4610.04 0.40+0.02* 0.63+0.06 0.49£0.05"" 0.41+0.01° 0.30+0.07
Liver weight (g) 7.2%£0.9 4.9+0.8"° 6.220.4° 5.8+ 8.3x0.7 6.8+1.1""
Relative liver weight (%) 4.7%0.5 4.1+£0.3" 4.4+0.2 4.2+0.3 4.4+0.2 4.2%0.5
Hemoglobin {(g/dL) 13.2+0.8 4.8+0.5""  5.6+0.5 4.9+0.7%  11.5+1.2 4.3%0.3"
Hepatic iron (pg/g liver) 33.5+£8.4 9.8+£1.1" 9.1+2.1 8.8+0.6 8.9t2.1 9.8+2.2
Hepatic iron (pg/liver) 242+72 48+12"" 56+ 14 52411° 74 £200 6417
Muscular iron (pg/g muscle) 14.9%2.5 1L.7£2.7 9.0+1.4" 9.8+0.5" 9.0+1.8" 8.6+1.0°

! Values are mean + SD. * Represents significant difference between the two groups of the same day by Student’s t test at p <
0.05. Means in the same row except C group with different superscript letters are significantly different by Duncan’s multiple range

test at p<0.05.
2 Feed efficiency= {body weight gain /food intake) X100%

Days of g 2 9
Fe repletion
F C D R R D F

36 kDa i ' T 1

30 kD2 | oy cumun s | 4—Ferritin

16 kDa-; o
Bl— Mesdmmsdii i ifEREaseadg
Fig. 1 The effect of dietary iron depletion and repletion on the hepatic ferritin content in rats. Ferritin was de-

termined by Western blotting. C: control, D: Fe deficient, R Fe repletion, F: rat ferritin purchased

from Sigma Co.. Each lane represents one rat.

EEEARHRE B #E 9 R 5 BEIE N, (Bl EENEE
FEIRFI AR ERHHEEP DA #hi 9 REF,
RATHBRE, REEBERHBERSHEE L7, &
EEINEARRTEHBE S R D M B E B
g, MTETHEHFET 4.8 g/dL , & CHEM
36% . WHEEEE, R EXFMAFEEREEA, B
B9 REE, BINE DR 2.65 %, BERFELZIES
FLHEME. BLEBEINAFEE, D HAFSEE RATERR
BENEEE TR, o TEiEEEms CHH30%, AT
FARIER 20% (R—). fHlfi2 R IKEK;, BRR
RAAATFERE B, (RTS8 2 15 B 5 1H SRS R

Ri#&E L EES . HEH, S8 N C M
D, S R 8 DA, HAASRED &
HHERZ R

bR & iy D B SE O ZEEREERENR
B, #8 9 RSN T 2B BREOEE
MEMREE (). MABE, SHE. sl
ARSI ERN A EISERES (BERTILH) .

—. IRERBEYTERAE IRP1 B IRP2
ZESEHE IRP EErn S '

BRI A B RIRPT B IRP2I B B 15 H R
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Liver
Days of
Fe repletion 2 3 0 2 9
PC DR D R DUC DR DRD
(A) T oy
4 IRP1
ile IRP2
(B)
4+ IRP1
Muscle
Dayso_f 2 9 0 2 9
Fe repletion
PC DR D RD C DR DRD
(C) | 3
(D)

E— BEfsfiftAgd AFERNA &I IRP1L &R IRP2 g & i IRP1 85 MHE 2 gel retar-
dation B & B

Fig. 2 The effect of dietary iron depletion and repletion on the spontaneous activity of IRP1 and IRP2, and total

IRP1 activity in rat liver and muscle. Panel A: spontaneous activity of IRPT and IRP2 in liver, panel B:

total inducible IRP1 in liver, panel C spontaneous activity of IRP1 and IRP2 in muscle, and panel D to-

tal inducible IRP1 in muscle, all were determined by gel retardation assay. In panel A and C, letters

above lanes are: C, control; D, Fe depletion; R, Fe repletion; and P, IRE probe only. Each lane repre-
sents one rat.

IR LRSS, WELEEEN (B2 A), 458 ZEM IRPLIEHICEEEZ R, (BB EPRHER,
CHEM1.47 B 5 1.94 {5, #H82 R, R IRP2 TRERBL R BV B8, MR 9 KB IRP1 FHHER
IEMEENLL D ARFE TIE T 20% , SR O RESthwEER  HDMEMMET 25% (B= A): Fikia muaigs
FiEET S0% (E=B); M2 KR, REDSE W ERARMIRPIEE S EFET FIVERE,
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EE 035

.% £ 110, A —e— Fe repletion (R)
sa ™ aX —0— Fe depletion (D)
&S 025 —v— Control (C)

= 8 -

§ao.zo b
= -

*E g 0.15 C

2 g 010 -
ZE& oo : - - - —

Spontaneous IRP2 activity
( fmol/mg cytosolic protein)

5 25

3 C

R E 2

— B 20

s 2 s | T ab
R ab

= ap b
22 0]

s i 1
EE 0.0 T—— . : - - =)

0 2 4 6 8 10
Days of iron repletion

Bl= MRSl A E X ATH IRP1 1t IRP2 BB E,
*RAF ~WHEFEZINARFLERL, REAASISAMARIFETRRATARFLL
Fig. 3 The effect of dietary iron depletion and repletion on the hepatic 1RPs activity in rats. Panel Al sponta-
neous IRP1, panel B: spontaneous IRP2, and panel C: total inducible IRP1. * Represents significantly
different between the two groups on the same day by Student's t test at » <0.05. The different letters

represent significant difference among Fe-depletion and Fe-repletion groups by Duncan’s multiple range
test at p<0.05.
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=30

g 014 { A

=

2L 012{ a *a

££ 0.0 ab

= 2 0.08 b

2 & 0.06 1 4 —e— Fe repletion (R)

2 & 004 —o— Fe depletion (D)

g E 0.02 1 —vw— Control (C)

@' & 0.00 : : .
0 2 4 6 8 10

ma 40

5 B

TE 35

o =

23

o S

55 25

2w

gg 20 I

e - >

& oF -
0 2 4 6 8 10

B

IC

£% o031C T

S &

5_2 0.3 .

=i a

£ g 02 .

—-

é % 0.2 b be bc

L . o

| A= R

58 00T — . : : — T
0 2 4 6 8 10

Days of iron repletion

B 55 sesl A X AL A IRPL #t IRP2 e B &,
* REF—HMERAMALE, SSAASLS AMARIFERRAEATHEAFELER

Fig. 4 The effect of dietary iron and depletion repletion on the muscular IRPs activity in rats. Panel Al sponta-
neous IRP1, panel B: spontaneous IRP2, and panel C: total inducible IRP1. * Represents significantly
different between the two groups on the same day by Student’s t test a1 £ <0.05. The different letters

represent significant difference among Fe-depletion and Fe-repletion groups by Duncan’s multiple range
test at p<<0.05.
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BfE AERLAZ IRPs Btk #5858 aconitase &M Av dndr F 8248 W 947
Fig. 5 Correlation beiween IRPs activities and mitochondrial aconitase activity and hemoglobin concentration in
liver and muscle, respectively. Black symbols represent liver and white symbols represents muscle.

{ERAE I ROMESEEELRHE, BET
40% (E=C).

VLA ATE, &R DM IRP1 B IRP2 1Y
HREEEEEEES (B2 C), 45 LAR CHY
1.9 1.6 %, M8, R IRPLEHREE -
KEBWHEEE, TAEmRED 30% (EMA)Y;
IRP2EEFP REMEDEHYEREEZE (BH
B); BRBEMEF DM IRP1 SEMEHETRS CE
B955% , MR RAEESNDE, WEES
P/ (BN C). ILAFHE IRP1 FH M o
ACOENERRERER, BEHEEFZIEMM (r=

0.90, p= 0.0001),

) frdx F I aconitase & IRPs #4948 M 1%
(B %)

WSR2 IRPL 8T IRP2 B 355 43 BUFD ML
AREHEREEMBME, B aconitase 1H M HE
MALRIEREEZELARE (BR): FiIRP2 B
BEEEE m-ACO FHIEE B8R (r=-0.58, »
=0.0008), HLPY IRP1 H#IEMEE m-ACO it
EEMEA (r=-0.36, »=0.05),



- 56 - Ehes B iR X R R P [RPs 2 Aconitase 1514

Liver
A. Mitochondrial aconitase
£E 1| » ~8— Fo repletion (R)
S _; —O— Fe depletion (D)
g _g 12 | —w— Control (C)
= [~}
g '3 *
-':'é £ | ab ab a
T E
| E 8 { ab b
gz .
g% .
G - . : . —T

, 0 2 4 6 8 10
B. Cytosolic aconitase

60

55 1
50 4
45 ;
0]
35 4

Cytosolic aconitase activity
{ nmol/min/mg cytosolic protein)

Days of iron repletion

& 7<

Muscle
A
£ g
5L
5 8 20 A a 3
=
g 3 ab
AE
)
£3 L0 )
gé1o- -
g oL - T

Cytosolic aconitase activity
( nmol/min/mg cytosolic protein)
*

Days of iron repletion

FE A B A K BRI A4 B (A) AefmiH (B) 2 aconitase ik,

* REF — RS HaMAEFLEER (Student’s t test at p<0.05), s MAEZ S MMM ELFE
FrFEF8EE£E (Duncan’s multiple range test at p<< 0.05)

Fig. 6 The effect of dietary iron depletion and repletion on the specific activity of mitochondrial and cytosolic
aconitase in the liver and skeletal muscle of rats. Panel A: mitochondrial aconitase, panel B cytosolic
aconitase. * Represents significant difference between the two groups on the same day by Student’s t
test at £<C0.05. The different letters represent significant difference among Fe-depletion and Fe-reple-
tion groups by Duncan’s multiple ronge test at »<<0.05.
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D {EREZF CHH, B CHBZ 72%; #H8%2 Rifk
FRE R, ZEfBE 0 RIRHRRE D T E 20% (E
A NLETRAREE m-ACO & M2 B i ag s
WP TERE, EEEMCHARAT B, B
FENTEEE B TEEA 60%; AL, B2 K

R MESEBEESREEN (BN A).

EREE T, DAHFF#R c-ACO HhiE AR BRI 0
FCHIA 1.33 f%, 8% o REBWBEETE (BN
B); FFRF, DIHILA cACO BIHE:ABRERIE, B C
fHZ 32%, #HE 9 RFF R ASESR DM, hEk
fgEET (Bl B). BREEFFALA ACO Jh MRy 1L
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—. WERRGFBRNA RPs WEEH

IGTREERIUM (differential regula-
tion)

HEEFEEENFERE, FEARENWRE
RFESE, IRPs AR HME o R EM A PYAYSHiE
TMREHRAHARELENRE, TAEE, BX
ERIR R TR, KBAF IRP1 82 IRP2 BV H B
IEEREE, WEEHERNBLES, HE7TR
POEEIR S, LA IRP1 #5858 IRP2, {ELL IRP2 1
IMEEEE R IRP1YY, AHREEEHHEEEMN
AEEEE, T IRP1 & IRP2 EREIEHYE T
R, mELL IRP2 &5 IRP1, 545, APFRIR
HEHUAT IRP1 BL IRP2 M) E BN Z S BRIV
B, FREREMEWE AR L7, M2 E
s BRIV L IRP1 BERER IRP2, HibH
.9 RMN{E IRP1 EHE THEMKE, T IRP2 H]
&, LSRR AR

HEATE IRPs BHEE B E AR,
ERMEFEHESMER, AERGEE. REHBE
HIAMEE, TRERRME IRP HENWESETE
fHR, TMEAE&EBERVEENE, HEEER
HFEEGERN T, SEFRIELEA SO
FaFT & 87 IRP2 BB R K ELE IRPL BEUR, H
IRP2 ER2IEMERES, ARAMESEEQRILL
AR IRP2 PLFELHIfIE AR, HEET
SRR A R P AR B AR BUIR TR, T IRP2 Fﬁ
HE, EREREE, FENBERES,
RS MAL R LS R & I, ﬁ&ﬁéﬂmm#ﬁ%
aconitase & BB M AN RS 7 SRR
BRRY R . FHERES (AL SR METGE B, 2Ramsd IMAH B
BRIENEERE ST B s REEEREREL
RSER R, EFEEDNRN m-ACO FEENZE
EHSIMPEA R EEALAAY IRPs H B RS T
FETERATIEATENARR, AR E B HERT IR S RE S
FEOZaSEa MM ESED, FIRENEEERREE
RSB RMENENE R M, B,
fFHi IRPs B #1356 RS R, HAILERR
REIESSRr AT g, 10 R o 85 8 S it PSS M AR 5

MNCRE. BN EEN B ERRFEHE
FIAZ B M — Y, EOFHFIER LA IRPs 2558
B e i g, BMRILERRF, AlMALRAK
ERD LA KT 2E, EEE NSsELD
BEEMNEZ, TAESMSNMEERFAEZ
B, MRS R, BEPEE B IEES
fHEEAHT
IRPs H#fah B IRE 2 ESEyRizAgG =
A EEY SRR TR YRR, HATAS
TS, KEFFE A 4R aconi-
tase FEFAFEHR S EM R, EMSES 20 ¢/kg FF,
HEQBEEEBET 90%, A2 aconitase RE{E
#15%; EHSER 2 g/ke F, BEAE S KHD
RAEFMEERERR, aconitase HIREHERELEERN
50%“*, HL-60 #1FE#& hemin B 5 /NEF, hemin
RETE 10~ 50 pM EET] 1 aconitase 3N —15,
THEE B HIFEE hemin #EBHITE 20 Z 100 {F4
B, iR E=EEEE RNA FTSH IRE F
FIERER T RMAR, N IRPs RN ATAA
B, E R IRE 4% H internal loop/bulge,
m-ACO i IRE 5% C-bulge, &¥#EN IRE &
B Cbulge, HIEEHHE IRP1 ESHY 13%,
{HE1 IRP2 BIFS & @A 95% =&, (KL HE
#Hl, IRP1L #» m-ACO B EiDF &5, WA
IRP1 E 8 35 M B0 & B FI P REFR 3B m-ACO A9
i, AHFeAT RAES 2 RE A KZEL IRP1 R
F, WREEHE m-ACO EMEM LT, M 9 Rk
RFFE IRP1 B2 m-ACO FIIRFy8 (L, BduilssEhtE

%—Eic

Z. HEERENPNIRE aconitase &t
BECHREEE

BROE S BN B A A R S B B B YIAY
BhE, BIMA R MR EALBERE AR,
PLERE BRI IR W EE, FHE
RHEEREENES, REIAFNAEEE
SHA B EE B LIRS B F IR SR A HE, tHE
#h, FFEEAERRIAERERIRS, DEBHMEES T,
VEE ST ME RS, 2 a i iRl iR X e B3R
glutamate dehydrogenase £ alanine animotransferase
BRSSPI IIEIERE MY 174% B2 134% %, RAE
BRETCEEr, DA ketoglutarate dehydrogenase 52
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succinate dehydrogenase JEME_ B [FRF, FEOEE
HERAHEERAE T AIEES, SR mEYIn A
BERERSS, ANELARIMRZIEMALZ RN EIEE, B
BABHRSHEITRERERE™; BHEEIAY
R ST BB BB 10 min HIEAMUE T R
EIERUAEM 660%™, BREEEHIT R, S#EE8n
EEN AR RBARE S AMEENE TR,
PIER B B2 ketoglutarate B9 810 & 28 & i W 2
55'%(30), @Eﬁ%ﬁé 90%(23.253G

FEHWRECEYE, SUREENAALREE AR
SR EFE cytochrome ¢ BT EE 50% , SR
# cytochrome c oxidase JE1£ T [BE 50% , = 8-t
&8 1Y succinate dehydrogenase &2 NADH dehydro-
genase {& M T 6 &2 78% >, T, KRR
ADP/O ratio £ respiratory control ratio -7 K £ &5
Tk, FRE(LHERLEEEEY, AliRE
FH cytochrome ¢ oxidase &8, succinate dehydro-
genase 8 NADH dehydrogenase & 8- S48, &
A, FEIFEE . MRS HER S ML
BB, FHItErREE Sl B R I i R R A
DHERSEAEAMOEREY K, EEHE
HERS RSB BEREENERED, 58
AL 3 KBS IN, AT RS rEERHE S X
WFE LA, S§hBEREESEESLBEILT
FERAEF, TRECBRRLBEN RS AH
REIFE R,

R m-ACO BIEHRBIR.—8R, B—
ER-MESBENERYE, HEAT.0EE [4Fe
45], BEEEEBRFERTE citrate B{L R isoci-
trate; H mRNA 5 i HE IREY, A2 ER
PE, hZAREEERE. AREEEER
EER, KEFT n-ACOWEMHRERE =5
2 TR, RERBIEERN 0%, EEMNRLAY
BEEATA RIS 4 K, HBIMALHEER 8 g/dL*Y,
AR EEEEHEAFEIAT m-ACO FIIEH®AE
ERIEFENES, FHNRIEER 60%, HERIF
BT, HRE RS S EREREE,
EiF% cytochrome ¢ 1 cytochrome ¢ oxidase AYREIE,
/iR suecinate dehydrogenase #] NADH dehydro-
genase TR, KL, LA m-ACO JER ZiEhiERiF
R R ) S LA — R

AEELEREER (2 mg Fe/kg) DIFESEERIE

RUBAE, PSR B I 49888 R E B0 B T e i et
&k, 3IRAEEZFNER, HREZMRLEE, 7X
EFREEZRE, MALA cytochrome ¢ &2/ T BREZE
BHRESEC RS, FE 20 R EFERIEE=EY, it
BENABRAERSER, TROERRKEER
AR, MR EE=REGAIEAENKE, —3&
FRRIAT S IE R s ARG E, WIERE
b X & pyruvate BC & malate. succinate. glyc-
erophosphate HEES, LUK S EER cytochrome ox-
idase. NADH dehydrogenase. succinate dehydroge-
nase KEERIIRIBER GRS, LWEAEHE S Rag
FHEBAEAY, EUER AR, VA
BRI IRIE AL RIEES, THILARRE R
SeH R F R glycerophosphate dehydrogenase™
AR RALE m-ACO {HHEB R E Y 17 REFTRRE
(L, M5 2 REARA S, MRREEEREE
WA AR AR WERE IS N, R8sk
BESENE(L. ERSEMBRIE m-ACO Eik2
{L S LSRR BRI RARR, A m-
ACO B BRI EES bRE &R,

=, RN PIMRE aconitase B TR
FINE RESESHRZR

FAFEEFHLIFEE (EPR) o IAESRE
EIAYIASE (g =1.88. 1.93. 2.01., 2.03 & 2.05
%), A REUEE M KB ANGEANE L2 EE
FHENZ EERROBAEIERER 27% ~62%,
IS8, 7 RA9ETE T RERE D ER TR 2
b, RELEHECEMRA, HPELl g=2.03
AT EIFHREE SR, AT AT IR IRy S L Bas
MR E MR, Complex I BB EHMEY; £
BHNANEETRRTR, FiiEESERRE
HEMEEEY, ZERBAL m-ACO BE, LT
FEAHMSBHEED, HANABRESENSE
RiEa se T BRI A A% 8.

Bt BREOE EFEFEENRES, £
T FHYE IR EY complex 1 {NADH-ubiguinone re-
ductase) Il complex Il (succinate-ubiquinone reduc-
tase) TAAEPIRR [, 2 EERIEERN m-ACO F1E
FE (matrix) F. MAE ACO #H IRP1 &%,
T E P A - R EH. IRP1 & c-ACO
ER—EEWEEMER LI EFERmTheE, H
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Bt £ ik o3 B Al 23w 2k U B
FMILPY IRPs B Aconitase 7&t

Fh% KM} HEER

BiaMABERRLER

HE CAERREREBIKELES RPs (iron regulatory proteins) B35EM (spon-
taneous activity), BIRHEHEY IRE (iron responsive element) NESMBEDEEBL (fer-
ritin) BRAI#REE aconitase (M-ACO) &, ERSHRHEZENSFHEIRISEER, I
AR RASERSESEYEND THHTAAER, KBTS —HEERIEIT R
B IRPs. HFED. FIRBERBIES aconitase BN FEHE 2, TiFHEBRENOTR, B3
Wistar #5830 €, T 6 ERERBZEEFE, B AIN-76 888, HER 26 SEabERE AIN-76 B3H
17 XEHREBMmE, FEHEE - SREHHE o EaREN. ERASEEORWE, Eo—EdEM
BIEBeRMAEEE, PHEE 2 M9 X5EH s EAREN. BHBWEMTERMTE, RLE
BAERIAR, DHEAREEARBLUESIT. GRORE, REMTERIAD IRFP1 8 rRP2 B
FEMRMESIILE (1.47~1.018), HRBHFEENAME RP1 R IRF2 RN
(differential regulation); REEFTFEIINE m-ACO BT TRIEBE (609%~72%), B
RISEERNIRE, REFITHEMRE c-ACO 210, AEHA c-ACO B, TaERUARERES
LEBHERTR .

BA#ESE . IRPs, Aconitase, fTHE, A, B¥E®E, XB
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