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’ HPMF HPMF
2
2.1
REFLEXII ~ MALDI-TOF ( Bruker );:JEGM=2010 ( JEOL )
ICP-MS( PE ) ; Cary 50 bio ( )
( GE  ): DYCZ24DN DYCZ24A .DYY-6C ( ) : DEAE 52
( GE ); ( Waring ) ; Fezone 18 ( Labconco
) ; Gel Doc 2000 ( BIO-RAD ), ( Millipore ) o
( TFA) . ( HPLC Merck ) (V5111 Promega ); a— 4-
(HCCA) . (SA) ( ICN ) o ( HSF) . (DTT) .
N N- . (APS) | ( TEMED) Sigma o
2.2 HPMF
-80 C o
20 g o 100 g 250 mL
(50 mmol /. N 2- ) N2- ( HEPES) 100 mmol /L KCl 2 g/L
50 mmol /L ( PMSF) pH7.4) 25000 r/min 3 5 min, 4 C
15000 ¢ 30 min o . N o
N 9 16 o
2.3 HPMF
(50 mmol/L Tris-HCl 0. 05% 10% pH6.7) 1:4
(V/v ) Tris— (250 mmol/L Glycine 25 mmol/L Tris pH 8.8)
( PAGE,) (3% (pH6.7) \15% (pH 8.9)
1: 4V/V') SDS (50 mmol/L Tris-HCI( pH 6.7) 2.5% SDS 0.1% B-
0.05% 10% ) 100 C 5 min Tris—
(250 mmol/L Glycine 25 mmol/L Tris 0.1% SDS pH 8. 8) SDS-PAGE (3%
pH 6.7.15% pH 8.9) o
BIO-RAD Gel Doc Quantity One
2.4 PMF
SDS-PAGE 17 18 o
PMF MASCOT ( http: //www. matrixscience. com) ~ NCBInr ~ SWISS—Port
100 x 10 ~°; (p<0.05) 56 7 .
2.5 HPMF
SA ( - 6:4V/V) TFA 0.1%
HCCA 10 min ) 1 pL
377 nm 2800 V
40 ~50 DE( Delayed exactraction) 550 nm

3000 ~ 30000 Da.
2.6
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20 pl( 100 pg) 200 20 min 2%
10 min 120 min, 120 kV.5 ~10 o
100 100 nm SPSS 12.0
2.7 ICP-MS HPMF
100 pL 4900 pL HNO, 180 C 30 min
2% 2% HNO, - 2% HNO,
. ICPMS 2% HNO, 1
min 3 5
2.8
1790 uL \200 pL o’a- V10 pL(30 pg)
o 520 nm 1 min 0 2.0 4.
0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 mg/L. Fe** 520 nm
Fe** o o
20 .
3
3.1 HPMF
( 11 ~13 nm) . (4 ~6 nm) (0.4 ~0.7 nm)
. 1A 1B HPMF
HSF HPMF  HSF (
) ( ) 1~4 TEM o
1B HSF
;1A HPMF HPMF  HSF
HPMF
HPMF o
HPMF
HSF L. 1
HSF
HPMF HSF 50 nm
HPMF,
ICP-MS !
HPMF HSF Fig.1 Tiransmission electron microscopic map of ferritin
A: Membrane ferritin of human placenta ( HPMF) ; B: Horse spleen ferritin ( HSF) .
HPMF (84.8 +7.
4) Fe’* /HPMF HSF( (2055.7 =13.7) Fe'* /HSP)  1/24 HPMF
o HPMF Fe’* /P,(85Fe’* /15P,) 5.72 + 0.32 H L
HSF Fe’* /P,(2055Fe’ /227 P,) (9.07 = 0.44)
Fe’ " /P,( 2000Fe’* /1667 P,) (1.2) 2,

HPMF
HSF

BF o
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1

Table 1  Molecular size of both shell and iron core in ferritin

Ferritin Molecular diameter of shell ( nm) Molecular diameter of core ( nm) Ratio of core to shell
HSF 11.09 £0.79 5.53 £0.89 0.471 £0.063
HPMF 9.41 £0.59" 4.77 £0.36" 0.480 +0.036
* ( Significant difference)
3.2 HPMF ( SDSPAGE )
PSF.HSF ( Liver ferritin of dasyatis akajei DALF) H
¢ SLF o SDS-PAGE HPMF
HPMF PAGE ( 2B) SDS-PAGE ( 2A),
2B HPMF  HSF o
HPMF  HSF o 2A HPMF  HSF
HSF 3 21 kDa( H ) 19 kDa( L )
15 kDa( Segment subunit S ) S A B
H L 5 HSF kDa MK HPF HSF HPF  HSF
94.0 | Hiz
S HSF H L 67.0 =~ fﬁg_r
: HPMF 40 up l =2
20 15 kDa MF,, 300 — |
MF Quantity One w 4+ HF Z(H Subunit)
MF WIF,, 3 01~ '4— LT % (L Subunit)
15 °
MF; MEF,, 144 - . + F Bt (Segment)
HPMF 2 PAGE, SDS-PAGE
3 3 HPMF ( MALDI_TOF MS ) Flg. 2 Ferﬁtin map separated Wlth bOth PAGEN
24 and SDS-PAGE methods
A: SDSPAGE; B: PAGEy.
pH pH2 ~ 100 -
10+ 75 C o s 80 g
S 60}
15 kDa S E =
822 ( ) Z 40 7 @ _
= = |z
MALDI-TOF a4 20 “ “ =
BF  ALF . g 2
S R MALDI-TOF 5000 10000 15000 20000 25000
m/'z
HPMF
( 3). 3 HPMF 5 3 HPMF
Fig. 3 Mass spectrum of subunits in membrane
m/z 5071.25 9962.51 15131.55 ( MF,5) 19936.
ferritin of human placenta ( HPMF)
40( MF,,)  20147.61, MF 4
MF,, o 2 3 ( )
MF s i MF,, 2+ MFs * MF, ° MFy,p. "o
24 H L HH.L-H
L4, H/IL H L 0,2 HPMF MF,, *

MF,, * 3 MF,, ** MF,, *
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5% S A HSF L4 LH
H-H L o
H L
o MALDI-TOF
HPMF MF 4 L H PMF SDS-PAGE
MF 4 MF,, ( 4) , 4 MF
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L HPMF MF 4
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HPMF MF, o
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1007 , 1007 |, -
904 904 z e
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R B 3 i
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< 40 v |z = <
2 30] 2|2 = i
# 204 wl= a -
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Fig.4 Peptide mass fingerprinting( PMF) of HPMF subunits
a  MF,, ( MF,, subunit); b MF ( MF;5 subunit) .
3.4
BF SLF H L HSF PSF
1600 Fe’* /Ferritin
pH ( pH 8.0)
13 22
5A pH HPMF o 750 min HPMF Fe'*
0.113/min PSF (500 /min) PSF Fe**
(11 /min) o

- HPMF
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Fig.5 Kinetic process of iron release in HPMF
A. HPMF ( Process of iron release in HPMF) ; B. 5A
( Plot of log ( C,, —C,) against reaction time as determined in Fig.5A) .
3.5
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Fig.6 A model of mechanism of transporting iron from mother to fetus
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Functions of Double Subunits of a Type Structure of Iron Corn
and Kinetics of Iron Release from Membrane
Ferritin of Human Placenta

LUO Lian-Zhong' > JIN Hong-Wei' CAI Zong-Wei’ HUANG He-Qing" '*
'( Department of Biochemistry and Biotechnology ~School of Life Science Xiamen University 361005)
*( State Key Laboratory of Marine Environmental Science Xiamen University Xiamen 361005)

*( Department of Chemistry Hong Kong Baptist University Hong Kong)

Abstract As an experimental material of human placental tissue membrane ferritin of human placenta
( HPMF) with electrophoresis purity was prepared in batch. SDS-PAGE approach reveals that the protein shell
consists of double subunits of a type in HPMF  which the molecular weights of both subunits were calculated to
be approximately 15 and 20 kDa respectively named MF s and MF,, In addition the protein content of MF;
is about three times more than that of M,, in SDS—PAGE gel. Using the approach of peptide mass fingerprint—
ing ( PMF) both MF ;and MF,, subunits were identified to show the high homology with reference to L. sub—
unit of human ferritin pointing out that HPMF was a novel ferritin of two subunits involving in single type and
different molecular weight. Using a matrix-assisted laser desorption ionization time of flight mass spectrometry
to investigate the subunit-stability of HPMF five mass peaks corresponding ratio ( m/z) of mass to charge
such as 5071.25 9962.51 15131.55 ( MF,5) 19936.40 ( MF,,) and 20147.61 were indicated to have five
subunit formula of MF, " MF, ** MF, * MF, "and MF,, . " respectively. Using induc—
tively coupled plasma-mass spectrometry to analyze the elemental composition of HPMF only 85 Fe’* and 15
inorganic phosphate ( P;) in the iron core of per molecular of HPMF were found which was significantly lower
than that of most mammal ferritins but higher than that of bacterial ferritin ( BF) . Kinetic studies showed that
iron release from the complete HPMF followed the law with first-order reaction which also differed from that
with two different rates in mammal ferritins. In addition the time of the iron release completely needed about
750 min in human placental membrane ferritin ( HPMF)  which was longer than 60 min in both horse spleen
ferritin ( HSF) and pig pancreatic ferritin ( PPF) . Accordingly based on the difference of structure and func—
tion among HPMF mammalian ferritins plant ferritins and BF  we proposed M5 and M, subunit play differ—
ent role in iron transporting from maternal blood to fetal blood.

Keywords Human placental member ferritin; Single subunit type; Subunit function; Iron transporting mod-

el; Structure and function
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