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EMEC KRAEC KEKEC YHEE® HFTEC FRHC
(OETTREFEWER, EIT 361005

(@EMKEARFEREFFRSL, EIT] 361006
(OEFEERE=ZWHEWRH, EI 361005

W B RAEREMRGEOBRBRENINFRRANIYRBE TSR HREW: SRk
B A BB E R EARYE EFOH NaoS,0, WERGEFERLR, SERHEAFHRNEY
HAEAFK., TEpHS. 0~6. 0 WEN, TREHEAUMHARERTABRS REZ &R
80% ¥k . H7E pHY. 0 A, OH  RNUREZ HHFEHHHKAM, MABKEKHNEE, MH
RS RRNER—REN, NTTEGEABRENS IR i EREIIRER,
xR LEsESR EHRASEY BRESNE INEBEER

SREONFIELARYBEBFIASTIRMNSENBERGESTEN AR SRS EN
5. A, REREEREREEEMEZENABR LR FEFIEEDIGE (Huang
et al ., 1998a, b), €45 N1k, BREMBEABRKEN I NFHTTERHFANHR
(Richards et al ., 1996), X & EOEBENEH RN BMEHENFZEEF I (Funket al.,
1985, Strange et al., 1993; Huang et al., 1998c), T H X K &K & & A
(Apoferritin) EFARFEZUNENRRNESHARNMR ., Trefiry 5§ (1996) AH
BEOMAFENIRESGERBEADNGER X, MEENMRERIEZH,; SFEOBN
MEFHEMERTRZEEARHETRENBHRBEXNMEN, ERERBEE RSN
AR (EESE, 1997, 1999),

WTEEEA R R R TERREEABRBANEFEMREES TR EERAER
TAEMREEORRSEN N EARE RV FHELRGTTHE, NPH#—PEEAELR
B RVEOAMESYGREOBRRGERMEESR, EX EREREEOEGART
SRR RRE T HIRKE.

1 BRI

1.1 ¥ #H
Om#k®EE (Horse spleen ferritin, HSF) £ 3XH Sigma A®I M, EEWE N 100mg/ml, LK

1997-08-29 Wk, 1999-02-16 B[
» ERBRFBEREE (No. 49876027) KEXBESHERE ARELEHMEE
¥ —EEMN HEWE, B, A%, BEE. WEFA: 2UER.
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BIHES M 25mg/ml, EBFEF 2 2cm X32cm Sephadex G-25 E#riE, A 0.025mol/L Tris-HCL &M
(pH7.25) BERRFHRE FE E TMRRE, S4ib/5 6 HSF &4 /Y 2450~ 2600Fe** /HSF
(pH7. 25).

1.2 B &%

1.2.1 JTEAMT.HSF SSBWEHEE FE (1993), TR & B % M8 Cooper 7 H:MIE . 8
BEAFEPHITSEETRERASECESEFIE (Huanget af ., 1993, 1998c).

1.2.2 FBHWESY . SERENEEREHEN Lowry ik, IREEHRERA BUAENEMEE
H.
1.2.3 EFRENTEEARRGER.: ZFEABRNSGMNE RN BTN HE (1997, 1999 BEFE
BER, MASLEMN Na.S;0, F a'a-BEMLIE ff HSF B — B, MEZEHL 1. 7Tom X 32cm
Sephadex G-25 E#rikalifk, 3 HAAM KAy pH {HAY 0. 025mol /L Tris-HCT 28wt H ¥ BERE & b 69 B 28
Fe* BRI BB Y . W E N R 8B&%% HSF FEM % R A pH M P E 6 /N, H H 894 HSF
EARBAEAGEHTABREEY . ABHMANENBRABETEAEN. EEBRREZRTTY
BRBERER, MAZYER Na,S,0, il a'a- B BEff HSF SERH—ERHEK.

1.2.4 K[ pH ) HSF ¥ Rl & EE Sma FHE (1993, 1997, 1999).

1.2.5 AEBMEREX HSF Bl E RN . H 1. 2. 3 FEHESEAIRNS&EEEHK HSF, i
4G4 F HSF S8R, bl Fe (HSF &B &8/ : Pi OMIBEBED) =1 1 At BHAMMARE
HBRRE T LRSS D, FHYRE. ARIBERILK X HSF BB 8/ BB I B VRE M ik (1997,
1999).

2 g B

2.1 Na,8,0, i‘j' HSF B kg E R m
Na,S,0, X FH& R R T, EEKBRD HSBR (SO, 13U 1/2 K FKS
5¢RE (88 WEMLAERERREY, BmMASm Tz rEgxX:

K= (SO b

K. % Na,S,0, H‘Jﬂ(ﬁﬁ‘ﬁo [SO_Z ]g—%‘ﬁE@[E(Feyrn )]E@EEEEW—F

!

E(Fe*, )+[SO, ——E(Fe’,_, Fe?*)+[S0", ] (2]

K’ #R[S0, 125 EFeS DERFHEREH . BABRLRIRAFTREOIF R, /715
mEshhEFE:

d[E(Fe**,_, Fe**]

dt

K=K,+K'#R Na,S,0, 25 EFe’* DR FE B EEEH. o, mE™REXHG
T.REBVTHSEE, MASYER Na,S,0, 8 HSF &8k, 4 Na,S,0, 3k
ES5HT F BTERBBLRMEIERXR, B[S0 T RYR:

[(Na,S;0,1=[EFe**, )] — [E(Fe**.).] (4]
BENRXUIRAFBRB]L. R4 EEHm T E.

[E(Fe?* ) Y ]— [E(Fe?* ). ]V =K [T e —T'] (5]

=K[S,0,]"* £3]
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[E(Fe*" . )mu JE MR EFe DR EBEEREHRK Fe' B, ToaRAREIR EFe™ )P
FiA Fe' "B R BRI BY [B], LE (Fe ") R R BB B R R EFe* DI E. T.
EAREREFST D) PR BEFRaE. B, R38R NA LS4 H 841 Na,S:0, B
12 RN TS 5B EMERR Y.

EFERER EHWMIAN Na,S,0, L 1/2 R RE 5 HSF BN h¥, B
Na, 8.0, WIHFESHEQSLEPH F BTFERBIBK Fe'' BT IEHER,
HMA#S H T Na.S,0, 258 BEOBRRSENN N ETE.

(HSF (Fe?", )ux ] —HSF (Fe?* ) "> =Kust (Tax —T0) (6]
[HSF (Fe’*,, ) 13278 HSF BB B K BRSO E R, Toa " HSF BHCEBHE Y
Rt Fr T B9 S B[R] . [HSF (Fe® ) JRREB (LAY E (T) P HSF Bl — B4 & . Kusr
F R Na,S,0, U 1/2 RN X245 HSF Bl EEF . M HSF (pH7.25) &
MR, SRHMARFESUE (FYUEH100%) Na,S,0, fil a'a-BEMLIEE HSF BREE
BEHER, BB ERM IR EISFIRA TR (6], BNEKREHE 1 4R.

E 1 j@ Na,S,0, _Z/%—% HSF ﬁﬁi%gﬁ
R %, WE 1 WE S HSF UFH#HAR
B B R AR BOBAR SRR, 7E 16 8
(£ D B AFHARER SR B EH
B, ATR4h AL BAE. BT N3& Na,S,0,
WY BUSY, BATR A 4 B8 0k R

“w _— D1
= - =
[ - <
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ERGZNTYHE
Fig.1 Kinetics of complete iron release
from HSF (pH7. 25) in the presence
of ditnionite

Cuex: 43 F HSP BHER XA (Maximum num-

bers of iron released per HSF molecule)

Ce: TR M BHE (T) X, HSF B {9488 (Numbers
of iron released per HSFmolecule during the re-
action time)

Na;S;0concentration GE ~WHI B dik1
(Curve 1) 2 100% [ %24 B ¥ BF (equivalent
concentration); Mi£k 2 (Curve 2) 3§ 125%;
£k 3 (Curve3) 5 150%; HiZk 4 (Curve
4) 3 200%; HIZE 5 (Curve 5) N 250%

WERMRN TR, # Na,S,0, WEH 100%
FABWE] 2500, ERIRER H R
I HSF B #E R, F 5B HEREN
SEFEHERE 6 S8, HAREE N MR
Na,S;0, VN FEREAFME (A. BR) R
FIRE R R L AR, s, i
Na,S,0, {kFEH BB X B M ¥ K HSF % A
X [k (EFEH, 1997 ] BEH g
B (HBhah®%) B, BOEBR FH
R BERKE.
2.2 BBEGMEBEERENEL

& 2 #7E pH5. 0~8. 0 JEE W, HSF &
Beekd RS BB 10 BB . A
B2 Ed, 4RRF pH & HSF 4 318K S

B B8 (pH7. 25,2550Fe* /HSF)40 % B8kt , 7TEBR 14 pHS. 5 1 pH6. 5 B4R E &
SR H AP AHERME &, FEHTHS N A.BHX , Fir SR E S FIGLF 5 M
13.3 4384k, MW 2 FrRlp BT AT RIS AT AT AT, BHER () M A KESBEHHME (D
MARHSHEKR, MITEBREHKELSHBRHYEEKE/. 7 pH7. 5 1 pH8. 0 il
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FEELSR 0% BENzhhE
Fig. 2 Kinetics of iron releasing 40% of
original iron from the HSF core
at pH range from 5.0 to 8.0
Cou: —4F HSP B EXHWEE (Maximum
numbers of iron released per HSF molecule)
C.: FERWEE(T) W, HSF B A4k & (Numbers
of iron released per HSF molecule during the

reaction time)

1. pH5.5, 2. pH6.5, 3. pH7.0, 4. pH8.0

2k b, HSF BBy 3 ¥ & IF A 20 H
HEBREREEETEAS . WiBE 2 15
MRA—RBFRE LN S1EFEATH: i
£ () MARK., @ AR, 3 M W
¥RERG — & U H B RN B r R AR
SR EE ML R R R YA RN EZL, B
M AE (TR 3 15 S B EE— R
R sh fi e, ek (D BB XM (2 8
B RHERER G —F UM L IRF R BB AE
R A bRk RN B [ YRR LR R E
%, HETRIHHENE., BH, #EIRLE
B4 2R B BRI B N {X RE I W5 HSF B8k
BT 3 B AR 7= A B R FE Y
2.3 HSF ZERBSHATEED
Z1IHNEBHS RS SR 3098
HSF BB 1%, AWR1TES; O8
B R BB 30% kA HSF BB

Tl 10 B EREY, BRALBRAEE L AR TT X 20 S PUE RO BR Y A RAN & B8k B X
W 3F JF5 Na,S,0, BB 100% (M) #BHF 350%m, HSF JIREUFF AR
B EBERE A& 0%/, B8R, M0 NaS.O, IEH TREE R B A (A
D MRS (R D MR HESEREREA NS, EAEEH HSF UL

#1 CDERSREZESR 30%8 HSF B SNz Hhs (pHT. 25)
Table 1 Kinetics of iron release after releasing 30% of its
original iron from the HSF core (pH7.25)

FlREE GEE® L
K)) BHATREEN
BEREEHE R, A

XD, Mo, BT EY

Na,S;0, K, K,
% Nazszo4 H‘J %i E ﬁE ﬁ
= 3 S 1o A i
200 21.4 6. 4 ®m EREA—E,
250 20.9 6.3
300 2 o 6 2 B 7 5] & HSF $ gk
350 20.9 6.2 EHERNE FEape

K. 1 K; I E % B (K, and K; are rate constant)

BAR—f) MERME

4 BE B BB (Unit of rate constant): g molFe®t /mg protein)!/2/min

=R (F#1,K,), Bl HSF

BT A RRHGERK, WRERSZANBEHSNERRIK. HE, 4 NaSO, IEHEE
200%Et, HSF £ A KM S B EX R R, i i R B AL M Na:S,0, WEE T
#H—HRE HSF 2H A Ktk g, BU-ERREN K, H.
2.4 HE4EH. BIERELYY HSF BRESEENR R

% 2GRN EM . FRBERELYR B Xt HSF B gk iy s AR B ®oma .
#2ERVE L % HSF 4 5B G Rk 888 0~60% gkit, HSF BHAIRAS B
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AEBEHSBERBRABIGZY AR, IET, HSF 5B — 5 B d R L g &
(pH7. 25) # 206 BRI FR IRBVE B H M (Koow) JLFEMERAIML, RIFEEFAEEAL,
X—ERUHT EHEARKZ S HSF BRERE T REE BB’ 20%4kn, H
BREMUAREREAER . WF 2 EREH ST SMIRRREHBERE Gh
INBEEREL ST F . HSF 8RB RES F=1+ 1) HeEMEI AR &% H HSF BHdkaE
X, {EfPf HSF BB N RN KN ERE L BN SR REN SN ERT LB, EHE
AR, BRERELINE] HSF B SRR RERB S5 BMENHE X,

2 RSN, BBEKE HSF RS REZESR 200 HENEE (pHT. 25)

Table 2 Effect of iron core structure and phosphate on rate of releasing 20% of original iron
from the HSF core (pH7.25)

50 T HSF B %4} HSF A mm
N HE (%) Biek & Rate constant TE‘JEE#&S{
(Fe*+ /HSF) percentage of Numbers of Fe3+ Rast constant in the

released iron release/HSF X presence of phosphate
EKp*D
2560 0 512 8.0 7.3
2432 5 512 8.2
2304 10 512 8.3 7.3
2178 15 512 8.0
2048 20 512 8.0 6.6
1920 25 512 8.3
1792 30 512 8.0 6.6
1664 35 512 8.0
1536 40 512 8.0 6.6
1408 45 512 8.0
1280 50 512 8.0 6.5
1152 55 512 8.1
1024 60 512 8.2 6.4

3 BE B BB HL (Unit of rate constant) ; (¢ mol Fe?* /mg protein)}/?/min
* S BN BRIk 73 F (Pi) :HSF 2B P94k 4 T (Fe3+) (Molecule of adding extra phosphate: iron Molecule of the core
of HSF)=1:1

2.5 BRENTERERFEHR

3 R pHS. 0~9. 0 T E I, HSF BRE R 8 &R S0% M Sy 3 14
K. NE3ITMEY; ERENMRRXIRE (pH5.0,5.5,6.0), HSF L 3 FhA 5 #9528 35
IR 80% 898k, HF K, %Rk HSF BB RESGHEE A, K, F5 HSF &
BENBEENEERH, K, BR K MK, ZEHEETEEFE Y. 48 pH RRE
(pHT7.0~8.0), HSF DAPG R E S R RER G BB 80 % B8k, H A ESE T BB e
EERZ . 7 pHY. 0 94+ R H, HSF B HERM B E R L8 80%
&®. BR, BLEWRNARYRME , 9% HSF BEEEE S8 68 50 o= i i
BRGEBEE A SKN T EREERE . I, LSRR pH EZ W% B, HSF Birgk
BRBROEREREERH (K) B, 76 pH5. 0 By Koo . L TE pHS. 0 BF3kaY
Kins o K 7. 6 &, MIHRBSBENENSGHERREEHY K JLFEHELL.
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£33 TEpHS 0~9.0 BTEEA, HSF B SR E SR 80 HENT MR
Table 3 Kinetic characteristics of releasing 80% original iron
from the HSF core at a pH range of 5.0 t0 9.0

EEEH EEHK EERH
pH Rate constant Rate constant Rate constant
Kp (K (K3)
5.0 70. 8 39.3 9.1
5.5 60. 0 40. 8 8.8
6.0 40. 8 29.5 8.8
7.0 21. 6 9.0
7.5 16.7 9.2
8.0 13.2 8.9
9.0 10.2

FEHBEAL (Unit of rate constant); (u mol Fe34 /mg protein) 1/2/min

3+
/mg

2, .

/min

HIEEY
(Rateconstant
(u mule Fe

protein)

3 RESTANHSFRESGEET MM
Fig.3 Effect of acid-base medium on the
rate constants of iron release from HSF
ARt hERNIRERIAEAR pH B
HSF B 307 R 8k B B 8 B 40% R4k (The Kinetic
process showed in Fig. 3 was based on the release of
40%original iron from the HSF core at different pH)
A: A # [A phase (k1)] B: B # [B phase

K2)]

3 i #®

B 3 %5 RV BR WS X HSF B B o5 IR
BEEER OUNHBRNE ¥ FERR N
MBI L . WE 3 7[F HFEPHS. 0~7. 0
K3 5 HSF DA AH 3 B R o R B Bk
B 1070898 (B RB) . £ pH7. 0~8.0 X
B 5 HSF #H1LL B3 R RS R
BEE 40%89%k. TE pH5 By HSF B eky
#H E [140 (p mole Fe**/mg protein)V?/
min| H.¥E pH8. 0 f§ HSF B gp R
[10. 8 (¢ mole Fe*" /mg protein)'*/min] &
13 f& (B 3). HEMFE pH AR+, HSF &
B RSN GERE 10NN ER LEK
SONMIBKH FHHEEHERBE . s, N
FIME 3IAFL, 7 pH6. 0~7. 0 HWHEAN
RAAFFEHRXE, EIATrE Rl sn S Em
B RDAE AL B4, TiEEBRE A HE
H R = AL AR

BEOE=-M X, Y, 2) HEEARAIMIYRTHBREEH (B4, TRES
TR AR A BT RAVE ] (Harrison et al. , 1974; Strange et al. , 1993) , Na,S,0, R
RERRAREY BT HSF EARM ZAHRE L BEERELSEANMY Fr a4, B
RIS, B, MR HSF WEAFTRNERAELZH , B RRE 58 B I AR IR, 3
AFEE HSF fEr ok BB i 58 sl e B N T AR A5 . B, SR 245 i 1 5 JE ) B9
WML T2 H T RERE R B Na,S,0, I #HER, HEFNREERGERZHER. HE
1 Z5R5RE . 0 Na,S,0, IREH AR R E HSF B SE RN X EEEE, WREEE
BRI FHER . HSF BRSNS ¥R MEHEIR L 5SEERN S HRERER
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#] Na,S,0, By B %A % . R RERH Na,S,0, §-

BOE R R 2B EARE N R ST R R,

PainY BN AR RTREE A% E S0 TR

c§%§2}x SRR AT, SHMEMTE. FTLL, HSF BH

&fu ’ F AR AL R R TR B R RE A 24

ngwa WA, TEREA R H BB E R TH

h S, HIRBEHRESWETENLTS, FHy

Na,S.0, § BE RBEEHAEHEH, N NasS,0, ¥

B4 HSF 4T B SRR R B R R, 3 RS

T I I o 5 0 A A ) R ) S R B TR

A: EH% (Protein ShelD (H 2). Bl FHERRGERBER, EHTEMHSE

B P (foon core) R R RE D LAERGR . B S EE NayS,0, a5

B 3% B I P L0 SRR B 2 R, HF75 4 T HISF L

SR AR R & B S 0% MBI R (B 2. 3, WP EmM

HRIA (pH 7.0~8. 00 £ T — % A Hag T EH B . ETTAI4, 7E HSF Bk

MR HE R S HERASRENE AR RS A RS

Na,S0, ¥ BUE R0 Bl AR F BB R TR, — 50, MEBEEERAX

BEROIBRE S, TR 4, % HSF BB R IE T o5 AR BRIy 20 0Y, & RRSE &Y

B A Na,S,0, T SRR B AR E N X — B BaM, 5%ESSR e

BFE, FIREER BRI —B. W 2 TSI BT S MR K B RHES b
AW A ERE, B) HSF B E 550 ST 0 8.

ERMAEN pH KB, OH FRUALSIR HSF B M55 7= 4 S IEB B B A% 1E
RS, WiFXHIES RS H SR NE SN A ERLER—, S5
HSF B304 0 ) PR Bl B0 7 33 0 PR B B S B, AR B 28 Na,S,0, O3 B
L E K, 6 HSF W& S R oH B8, A0 ERIREIER, Mo RRE
REMB, RA LSRN RN R R R, KT R R A
B HMER(#3, [ 3) . HSF S KB S TR L AR S BHERR 3£ (Huang
et al., 1993, BT, SMONROBERREL NI HSF B a Sm 2 Y B (30 B0 7 LM o) B
BRBEMSGR B2, WA, RIS 2 4 R AT MBI B eoE R85 7 HSF &
PR AHA B PRR (BREE, REBKLEH) ABR GRNE, REER
WM. BERRELIMA HSF BAery il R 5 B 2 A S B .
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96 3 # E (Abstract)

TRANSFER OF REACTION ORDERS AND PHASE NUMBERS OF IRON
RELEASE RATE OF HORSE SPLEEN FERRITIN *

HUANG He-Qing® ZHANG Feng-Zhang® LIN Qing-Mei®
ZENG Run-Ying® QIU Xue-Hui® XU Liang-Shu®
(@Department of Biology, Xiamen University, Xiamen 361005 ,China)
(@Research Center of Environment Science,Xiamen University, Xiamen 361005,China)
(@Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005 ,China)

A differential technique was used to study kinetics about the law of iron release as
well as the transfer of reaction order of horse spleen ferritin. The rate of iron release
and the phasic numbers from ferritin are independent of the reducer (Na,S,0,) concen-
tration and the rate of iron reduction, but related to the regulation rate of the protein
shell. Ferritin released 80% of it: criginal iron content at different rates of three phases
between pH 5. 0 and 6. 0. However, at pH 9. 0 of the medium, OH" ions not only took
part in the composition of the iron core and retard the rate of iron release from the fer-
ritin, but also caused the rate of reaction turn from mix-orders to first-order, thus
transferring the complicated process of kinetics of iron release into a simple form.

Key words Horse spleen ferritin, Self-regulation of protein shell, Kinetics of iron re-

lease, Reaction order and rate
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