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Abstract: In the synthesis of nanoparticles, much attention
has been paid to regulating the particle size. There has been a
possible evident that using the central cavity (core) of the protein
ferritin has a greatly significant influence on it because the core
can generate the nanometer-sized mineral particles of variable
metal ions. In this report, recombinant human L-ferritins
produced from Saccharomyces cerevisiae were purified and
their molecular properties were characterized. The cDNA for
human ferritin L chain was also expressed in another host such
as Escherichia coli, and the properties of recombinant L-ferritins
were compared. From isoelectric focusing experiment, the
L-ferritin from the recombinant yeast showed no indication
of N-glycosylation. Some post-translational modifications
other than N-glycosylation were speculated in the L-ferritins
from yeast. A difference was made in the L-ferritins in their
iron uptake rates and the initial rate of the L-ferritin from
yeast was slightly increased. The reconstitution yield and size
distribution of the core minerals were analyzed in the L-ferritins
by transmission electron microscopy. The L-ferritin from yeast
with higher reconstitution yield (54.5%) showed slightly larger
sizes (mean 6.92 nm) with narrower size distribution than the
L-ferritin from E. coli. It is, in conclusion, speculated that
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L-ferritin from yeast is relatively superior to the other, in view
of the size of nanoparticle and its relative homogeneity.
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T lEe A R sk 21 v 71l i
sh=t], o] 71 71 Akjle] A Fok= =8 531, IT, BT
9 ET wolel| 7]z SAhks 7Hs Z10% oS59t) ol e
WA 724, A 1A B g8 0= Bolgt diE 71
ZuljA] Hoi= AA-FeA R T -§-8o] 7|7 wizo]Th,
ol iAol $4d-8 9138l surface-bound organic group,
JEA}, oA 58], zeolite, phospolipid vesicle ™ 937
1] Al (reverse micelle)?} 2> oj7] oA W2 A7}
AT [1-3]. o= WA= A34Q daE 47)% s19l
A, FF Solv 7tEl Sl Slsl wgAte] =
7} "olxl= Al Folrt. tiilel], Yiegizke] el AJAl| 1
AR 73O TR ferriting ©]8E 7 el YT
St} Meldrum 5 ferritin £]3]& ©]8-3}4 iron sulfide,
uranium oxideE in situ WH3- O = SIS [4,5]. A<l
o] EA5k= Au|v|Z3} (biomineralization) F/d-S T8}
o AlaAfe] S83 T e BTh

AEA oA dEAR] A A% ARl ferritine- o] T
2 core (F3) Wl iron oxyhydroxide %= oxyphosphate
E e =HA 1 750l A A w9 w5e) 54
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A] ol ©|=2717H4] tfeFsht [6,7]. Ferritin 24712 subunit
o] X7 ZgE o] nlwA kst 78 thilzl S o] F ), o]
e 7 el ©F 8 nm A7 9] 1l F7kS v, o]
S Y dzke] FU1ES sttt olg} ol shyE
o el A1) el o8l FlEe] FEE dgS £
wellA F7lEolv vhedZb dnkA o2 A= vke-
SAFsl S FU1ES oSt AElE T i
S F}[8,9]. Ferritin®] AAA] WollA 72202 4 A%
o) xuk, o] gkl R Fe’t Bl ollg} 427} A=
+3719] of2] 3<% o] 253} (Cu’, Zn™, Pb”’, Mn®', Co™,
Cd™, 2 AP A 5= g0l in vitro A0 Bael vl
AT [2,10]. HFg=olA] 23t ferritine> YR © = heavy
chain (H)¥} light chain (L) 2.2 AJ% 014 Qlth Ao
FEAB= isoferriting~> A= 7150 oKF tEH o]= 7t
ZAof| Q= TS subunit $FER] M= TR A 712
o] girt. Z1Ejsto] A 5ol EAISRE Herich isoferritin
© 7t 8] Soll =A8H= L-rich isoferritin .t} @2 &
s 7™ A @5o] Avka BaE ik thdtolA
A A ferritin®] ABs}et4 75l theld] 1t B
B} I3t} [6,11,12]. AZE H-chain ferritin (H-ferritin)
71 ARAE) ferroxidase BAEE Q& whilzl Rz o]
571 wel §824 0= iron-cores WH=T} [12]. Hhdef],
A2 L-chain ferritin (L-ferritin)< H-ferritin®l| 1|3} &
uj A eulstel] QlojA] 23t 715-S 7 WA
Aglof] Thido] t% QFgaltt [7]. WA 71s) dhdsto]
subunit {Fe] 2fo]7}F FFul| mu|Ee] A7 Slef| n|X|= JaF
of thet Bax JATt [6,7]. L o}A7HA] A= tHE
M| oA FUTE ferritin cDNAS A7) 3 S
L JRRe] FlE-s skl olgAl $dE core wIMIE
= Hla FAste] ®arg v gl

B =HofxE HA L subunit®Z59F 23 L-ferritinS
olgste] Wi Jrbe] HikslEs st 150 = - 3t
g8 548 Ao 2R W B0 gk AR 58
oks ] 7 AmE dgstaa) sk Telske] 717)
O vAE 55 5, A ISALEZ HE Al
ferritin®] L subunit > 2 ©]F0]7A L-ferritine Ak 2+
ZF 2] At 18lar o5 7 T2 L-ferriting
ojgato] v 719 H A AYs Fd whexdstel
A skt 1Elste] 3 A AbshEel sk Az}
v (TEM), UV-Vis & AFE- Ul H2}35]4 (electron
diffraction)” |8 Ao =M Tl A S48 Ly
7128 A7)+, 884 24, 4 (phase) 5= H|iL
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2. 42 23
21 =3 g L AXF 52 W

H AFo A ALRE X &5 A¥ES S cerevisiae 2805
(MATo. pep4 :: HIS3 prbl Acanl GAL2 his3 ura3-52)5 A
sioltt. g4 A3AZ @ % J== AR ferritin L-chain

AL ARlE g 5 75 YGLI-S ARSIt [13].
A% 7 YGL1S 2% galactose”} 371l YEP Hlj%] )4
307C, 200 rpm © & 447t vkt 5= Y42 (6,000 rpm,
5 min, 4C)3lo] #AIE sl 1 9] an st
Az Tz ol sk ZAsE A3 S Seo 5 [13]
o 715zt vke} 2k vl AAE 918 AR ferritin L-chain
AR F AR AlEESE tPdet HFLS wioRsiSith Ampicillin
(50 pg/mL)°] E°1%0= LB HliIX|ell 37°C, 16A17Fs<t 719
2 ot HFL-S 0.1 mM IPTGE 371810 4417K59) thA]
HljoFslSdar, QIFF ferritin L subunit AP} 802 e
Hol RIS} [14]. Z1efste] AA| 873 dZ oF
55%¢°l dldsh= AFE L-ferritins AT

2.2. A28 L-fenitine] A A

Az=7t AZF L-ferritin®] 4] **H2 Santambrogio & [15]
o] S oK Myste] FEITE AZF BN bead
beater (pellet : glass bead :buffer=1:2 : 1)& ©]-g3}o] AP
£ vhfer & 24492 (10,000 x g, 10 min, 4C)E 43t
o 7843 TS Sgeiglth Al FEES E v A
(75C, 1023h3kaL g2dta] (12,000 x g, 10 min, 4C)3}o
A AR S-S A Ak ATt Ak TN
80% ammonium sulfate S ¥E3}E =S €2 T 4TColA 12ARF
EOT HRSA1A AAE] (10,000 x g, 10 min, 4C)3HC} Ak
N A AL FHES 20 mM Tris bufferol] o] 3|53}
ek AEFEES F HEE X2]sh TS 20 mM Tris (pH 7.4)
oA Sephacryl S-200 =L =Zv}E723] 2} DEAE-Sephacel
(0-500 mM NaCl) |2 u g ZnlE TS Fas}o]
AT AT gt FFEEE] L-ferritin®] A=
AEFZERHE 9o 7]est 27 FdshA 3s19ith
AAE L-ferritin®] =55 7.5% WA A7]19%S 3
sto] FRlsigich

23.A719%

ANZF L-ferritin®] 1719870<] ©1'5732 12% (w/v) SDS-
PAGEE 35101 1415191t} SDS-PAGEE I3t Al5+= 10%
(v/v) glycerol, 2% (w/v) SDS 2 5% (v/v) 2-mercaptoethanol
5 343+ 0.1 M Tris-HCI (pH 6.8)°I14] 100°C (10 min)=
7tdsto] ErlsiSict Wias AXsIf1EA 0.2% (wiv)
Coomassie brilliant blueS AR HS S| YA
= KuFe(CN)s (2%)3 HC1 %)= 1 : 1 (viv)E Z831]
AMEEIATE SDS-PAGE®] Q114 L-ferritin®] subunit 2-4F
S 7A5P] $Jst ¥ w2 = phosphorylase B (113 kDa)
bovine serum albumin (92 kDa), ovalbumin (52.3 kDa),
carbonic anhydrase (35 kDa), soybean trypsin inhibitor
(28.9 kDa) %! lysozyme (21 kDa)E ARE3ISITE QXY L-ferritin
off thet 7 ke aw =R e Qe AT L-ferritins =<1
=t AR23ISIT}. Western blotting< Burnette ‘5 [16]2]
WS w2} nitrocellulose®F ol a8kt

2.4. A A (Isoelectric focusing)
aREFE S A ferritin®] 5%S A7) Sl8k
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Isoelectric focusing= T3Y5I3ITE Pre-made polyacrylamide
Al (5%)S pH 3-10 (Bio-Rad, USA)<] H91= 79 50%
(w/v) glycerol ¥} &3+ A8 (Yl 50-100 pg)= 100 V
(1717, 250 V (1A17H 2 500 V (1.5A17E 4C)3lel] focusing
S eI ¥ TR R = lentil lectin (pI 7.8), human
hemoglobin C (pl 7.5), human hemoglobin A (pI 7.1), human
carbonic anhydrase (pl 6.5), bovine carbonic anhydrase
(pl 6.0), B-lactoglobulin B (pI 5.1) %! phycocyanin (pl 4.65)
5 AHgIgt,

2.5. Femitino]) 2J3t A T4 49

Azg g YA L-ferritin © 258 38 UFE
H]:2- apoferritin®] A5 o] el Harg i} o] T3 o
A& SANFI o =M o] FolF T} [17]. Apoferritin®] T
4 5%+ modified Lowry methodE ARHE-3te] 723kl
o} [18]. H olo] Ty} nh-gsh= SEE dolry] Sl3|
Changs [5]°] Whatst upe} o] d F APES 7318l
t}l Apoferritin®l] QloJA] Fe*'ol 28] &4 AHL 25 mM
MOPS [3-(N-morpholino) propane sulfonic acid] ¢+a-8-<1
(pH 9.0) WollA] Fe* o258 whilal 31 82} o 4007 H%=
A7 o w2 Zsgsiith 1elste] A A 25 mM
MOPS £5-8 (pH 9.0)°l €31A1Z1 2 mM Fe(NH4),SO4&
apoferritin (0.5 mg/mL)°ll 371i3iek d 5= 310 nm ¥
oM F=l] WislE S50 =24 dojxlor F4wr) A
#hell o]F wi7k#] S7d313IT} (Hitachi U-3300 Spectrometer).
A o2 Akt RESS Sl8l 7 HAR1 A= H7kelA] 243k
o o] gl o] qkael el AkskE| ST

2.6. Fenitin 33 W A 41312 &4 2 AxA0A
(Transmission Electron Microscopy) €3t

Apoferritin T2 (1.0 mg/mL, 3 mL)lol] & Aks}=0] v
AAE 3R 92 25 mM MOPS $H5-8-9 (pH 7.0)
oA oIt WA T gk 22k - 100712] A o)o]
HEE Fe'' S 718l 155 B9t Aol FAEik B
3 W o R Fe''ol &g 203] HHgslo] Wl g #x}
20007l =E50l2o] H=S siitk vk T4 - 4CollM 184]
FERE ARl aL 33k SRR TS FEIIth kol
FTaE AEE AR (5,000 x g, 10 min, 4C)3} ferritin
3} AdlslA] ek Zo)y) AAES A ASFIT}. Ferritin
U 24 o)29] oke skla] 918 AAET FA (AAS;
SpectrAA-800, Varian) 45 33313}, 18] ¥
L= k= AW (TEM; Jeol JEM 2010)S ©]-8-31]
A8tk GAE7] 918l 2% phosphotungstic acid (pH
6.0) 5 uL¥} @A A7 2 pLE A1o] 107 HES-AIZ T
Formvar-coated Cu grid®l] 1-2 W& Hojreg] A2ofq 743
A7 F A=) Zo A 160 KeV (3=, 100 KeV)Z o2
Sl Ferritin Wioll 3M3% vheSizke] =7], % 9 A%
A& BRIs] Sleto] M Aleks AElshA 2 ARk
Formvar-coated Cu grid®l] ~3J3to] & Wi o s kst
Ak 18] ferritin core 5] BT G o2 HE HA}F]
“d (electron diffraction) TS TSItk §IAke] A7]1=

A7 HuA AR e 2R E 50719 AlEE A 2712 =4
gro =M AAsisict.

3.84% Y nF

3.1. AR28E ARF L-fenitine] 3@ € A=

Azet &5 YGLI1oIA L-ferritin®] &2 Seo 5 [14]<]
HhHo|| Wit} wjokd FRE HE AZe L-ferriting F2]
Sh= W2 Kim 5 [19]°)] 713t vkek 2t AL ferritin
L-chain®] & 9 GAE &R1517] 23l 15% SDS-PAGE
9} Western blottings ~83F3 1L 1 A= Fig. 19 YEf
Uiglch, 1719 Aol A3l B, &% YGLIZHE A
Sl vzl Az oA AR ferritin L-chain®] A1 (19 kDa)
of| Sldsl= SxlelA Tl wfE FRIs] 0w, o] ul= o
o Ak AN Z3 ferritin L-chain} A 91x|olA 1.
otk o] #5oll doIA] L-chain®] &2 A 484 v
2 F °oF 10%0°1] 3E3I23 3L Western blottingS- =243+ 2},
ferritin L-chain®J©] SRIE|SItt (Fig. 1(a)). EXOA YA
Sk A|Z3) Lferritin®] SR o] Q1=A] SRIskaAtr Az
FYE tunicamycing -3 HIF ol 4] wijekst 5 e g
SHict. 7] dE dellA vlwalE w tunicamycins *{2] 3}
2] B2 mRofA et g} Afolg HE = QST
= @A AR AR L-ferritin®] 73-9- N-23ke#] ¢
s vlFo] & QISITE &R S cerevisiae©ll A HEAE
Abgh 23S Lferritin®] W95 2131l st A3 A}
7h aare vp ok o)xe] Rare] wh=r, A Z22]elx e
St ferritin®] 749 GRS} HA] kar T A F2

(@) M1 2 3

kDa

113 *‘_-

a2

523

35 e —

28.9|

21 h

— W .. |.4]-chain

(b) M1 2 3

28.9| % e

2] - T — -4 | —chain

Fig. 1. Electrophoresis of human L-ferritins expressed in yeast.
(a) 12% SDS-PAGE and (b) Western blot of purified human L-chain
ferritins produced from E. coli and yeast. M, protein size marker;
1, recombinant human L-ferritin from E. coli; 2, recombinant human
L-ferritin from yeast; 3, yeast human L-ferritin purified from the
tunicamycin-treated cells.
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3t ferritinolA] @A3PF B v Qlek [20]. W3, Pichia
pastorisX] Akt 2155 ARt H- 9 Lferritin®] 73-9- 32
shxfo] Qlrkar ¥z vl Qlt} [21,22]. ©] 7-%- tunicamycin
o] Efate] vioks EWE FE] AA)E H- 2 L-ferritin]l
sl 242 A719%-S skl AR v o) E gkl
gro gy ol s} wiEo® {535tk

oA HE Z4Zke] AR ferritin L subunit©] 247Y
A X2 2550 native FEJS] holoprotein &2 ©]F{X]
x| 1WA AL o]83l0] PAGES 5383t A3}, L-ferritin
holoprotein®] A2k s =)o wEld chn o]
= golgk 4= Qi) 7)o e W vl ferriting E3HS
of YA ZA oA ferritinS 2] FAIPS w] HOl= ferritin
HEM O] mE & 5= Q)i TElste] s Wi subunit
=2 native protein®} AR ZgE o] FS & 4= AL
S ol Ue)] S 45 4 QS EH G4 Aol o3
o131t} (Fig. 2). thdrolr ke Axsh L-ferritin?}
Hlws] & w 2po]d-s s 4= gloltt

@ HSF 1 2 3

;_ i: —  w— | 4 -Fn
® HSF 1 2 3

: <L-Fn

Fig. 2. 7.5% native PAGE of recombinant ferritins. (a) Coomassie
blue-stained gel and (b) Prussian blue-stained gel. HSF, horse spleen
ferritin; 1, E. coli L-ferritin; 2, yeast L-ferritin; 3, yeast L-ferritin
purified from the tunicamycin-treated cells.

3.2. L-feritine] 543

aROA FAo] = EfEEe] Axd diEs sk
75 TF WS Ao EAHCE iy 2 At
o= olgfgh Ao ANEF AR L-ferriting AAksh=
o] B =A] FRISa1A} L-ferritin®] 547588 418191
th kel o] AR Wil o] 8} V)e W Hol=
o] Aol W= vl Ao)7] wjolvt. AgAlE L-ferritin
9] isoelectric focusing A¥}E Fig. 3o YERITE A==%
L-ferritin<> pl #t°] 5.3-5.5°.% 4% tunicamycin®]
At ke g ERE AgAlE 79 o] 2k WEo] gl
ek -8 oPgtolld AR AZE Lferritin®] 735 pI gk
°] 6.1-6.3 o= A ]It o] AvpEHE RN AR
L-ferritin 2|5 N-GAsh= dolvbA] ookas & =+
Ak 1Eu Al Loferritin®] 5407 ciidsrollx] At
H L-ferritin®] 53383} 2} by axox Aikd
L-ferritin®] 3/ 77 olA] N-Fgkelol] the Hs 72
o] EFEUE 7 e ok 75 HlolH

£ 83t opu| Ak A B2 o =W ferritin H-chain©]
2320 3% A3l 95 2= 9bd, Lchains o 319 3%
P} HO1E k=) 53], opr)|wat A 24 A} L-chain
o= 0-34sle] 7hsAdol e F-A7F EAISHA =Tt
ojZCZ & ] L-chainolli= G432l G2 2p7do] x5t
HSS 7FsAdo] At $HE, o] tunicamycing 7))
of st Ae Ays By gl gAiket H-ferritin©]
N-ZASHASS & = U eH o] Aup= Hxle ]3]
U =l 7Issioint. 1 Ay, dhE o] A F ik
E H2AFAL core V= S7FERE B E S UL o
7HA] S, cerevisiae©llX "84TSt A3 ferritin®] WSS 4=
2131g0] et Axprt By vl glek. o] tunicamycins
kot v A P. pastorisZ FE YAV A ZF L-ferritin
] 73, SDS-PAGE A3 A% 19 kDa¥ 21 kDa2] ]3]l
A Z4zrel uE 5o v FAsE Husielty [22]. &
U ferritin®] 749, oRFAMe] SA% gks B3l o)A
< Harrison -5 [23]0] Watst @2 fAKsHt

(@ pH M HSF 1 2 3
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7.b
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Fig. 3. Isoelectric focusing of recombinant ferritins. (a) Pre-made
polyacrylamide IEF gel (5%) and (b) linear regression of the above
isoelectric focusing results. M, marker proteins; HSF, horse spleen
ferritin; 1, E. coli L-ferritin; 2, yeast L-ferritin; 3, yeast L-ferritin
purified from the tunicamycin-treated cells.

3.3. 2§ L-feniting] 27) A4
A2 Lferriting Fe*' 0123} ¥H-S-A17 310 nmelA] &5



S20|IM ikt 2=

&t human L-ferritine] 24515t EAM 2l L QIXIC| HALSIE §HAM 123

S5 P02 H F588 S Fig 4= Wi
FAG 400709) FedAlel WA 7S ) Abskel Fe''ok&
Yehl= 2410t} Lferritin®l] &J3F HFS-S5EE B %7
ofli= H]wA] W WES-O = S} oF 1020] HaE] A
HgslElE Z1s B ek didatolla] AJAkSE L-ferritin
o] 749, A F5-go] e Sl S Hlal o]
HEg-2 W0 AJ2kE A 3020] 22k wl7bA % AlEE %]
v} g)ar gRela] AAEE L-ferritin S0 EAE B
ferritin¥} H|walo] L oA w9 FARE H S5 2F4
< B30t [24]. AR B Lferritin Afololl= F 80%
olare] o)At AFEAIS Holar, W B ferritin®] 85%
L-chain¥} 15% H-chain ©& ©]Fo% A& 7RSI, ferritin
EALE o] F= A 24719] subunit & 3-4712] H subunit
sheo] A Fk-gol mRE JERe- I3] AgkAel Hog
Helth A ol ojM= S5 FAIRle] F w
5 U528 gk Bolck glsie] A S8 QloiA ]
fol= FRoA AR L-ferritino] AT 02 F <1
Hhe-S HJowgn Mo Faapyol o) H F7t
23] F8l Fokar & ¢ S Aot} o]l Harst
H-ferritin®l] o]t 5794 7}¢} vlwal R L-ferritinol] 310
A A g dkge] =9 S & 0 Q] vl o] o=
QI8 coret] Wi Akl mv|ES A% AElE A= d)
NI Lferritino] f2lahA 2Hgst Ao f5Hr.
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Fig. 4. Tron uptake by recombinant human L-ferritins. Protein
concentrations were 0.5 mg/mL and the reaction was performed
with 400 Fe atoms per protein molecule. Y-rLF, yeast L-ferritin;
E-rLF, E. coli L-ferritin.

3.4. L-femtin®] A2 A }1=¢ 2} 27]

Table 1°f] AZ3 L-ferritinS W2 221t 2000712 2
Axe} HEeAIZl B il coret)] A Sk} A )eE-S
Epck A %8t Lferritin®] core] A 3RS 1089 + 17 Fe
atom © ZM 54.5%9] XFES HATh thdatolA] Aikst
L-ferritin®] 7% ©] Zk> 929 + 24 Fe atoms® Ho 5L
ojuf o] X|ZHE2 46.5% ©ITE AR HHAAFS o]
ANZZ L-ferritin®] thgrolls] WAAIZES wixoh oF 1.174)

=2 APAFES BYLL S A alsls S5 AEA|
of whe} L-ferritin®] Ax|&-Eo] Gepds & 4 ok, Alxg
H-ferritin®l| %= ]9} AR ko] Yehy, aRoA w3
AZE W] H-ferritin®] tFd=tollA] WA Z S wjrc) of
1.29] =2 AAFE-S BT (D). ikt S eRlE
S WeSIREE et JEks wixIn). o]l Al &
o ket Azgh ARt H- 9 L-ferritinS ¥-333 (MOPS)
o] T, vl i Ul wkggolo] Ry i tekel 27
oA A o]} WhEAIZ1 3L AX|EHE-S vl -4 v Q)
t} [24,25]. 1 A3}, H- 9 L-ferritin 55 ¥+ Z70f] wje}
37-72%2] thoket AQR|gHE-S- Witk Tk, B0l ARt
whilz] e ol 7S Halof| QlojA] H-ferritin®] L-ferritin 2.0}
iAo R =& AXFES VeI 18 5YUSt cDNA
FHE 57 AT o2 AZE ferriting: 08510 =g
A3 Ao v|wst v gtk 53], o] A3 eiA| e}
A EA ZHzt ARl whanla] S ShAlE oyt
< RS o] g3ste] A nlweelth. HWEAEE o] &
slo] A whlde A 4 T5 LR R AT 422
ypgo] wjZ = viulexjehs Ay} thE 7] 2] Hhgof
& s vE ke e 1 5 QU] whitoltt

Table 1. Reconstitution yields of L-ferritins with 2000 Fe atoms per
protein molecule (yeast L-ferritin data from [24])

Protein tvpe Theoretical ~Analytical Yield

yp amount amount (%)

L-ferritin (E.coli) 1.0 mg/mL 2000 929+24 465
L-ferritin (yeast) 1.0 mg/mL 2000 1089+ 17 54.5

X2k L-ferritin®] UIE core s TR} Avld-&
olgalo] TSI} (Table 2 & Fig. 5). ¥ a0
2 AAste] sl 2 A 2 ezl 27 wul™ core
T AR W2 ZEREE Al 5 A a2
RIS (data not shown). PJU[E YR 719 2]+
FejE o] golatglar 1 dAF A7)l gk 4 Aw
£ Table 20l YERAIQILE vl 27]= aRZHE I
A 73t L-ferritin®] 73-$- 5.71-9.70 nm (3 6.92 nm)=
TAE N PO ZHE 2 A|FF L-ferritin®] 735
4.65-8.82 nm (B 6.60 nm)E FAHQI} o] AypE iy
B oA S o B2 dS ekl ol aEAEe]
L-ferritin® wd|Z 3717} 32l L-ferritinX.cf
oRF AR ZE & 4 St Heferritin®] PU[E A7]oM %
ole} FARsE Aako] LRt o] ¢ A2 L-ferritin
off QlojA| o] wkE 27] HE57F vlg Aol 32 o
2-gato] Hhgo] Z7kskalaL vulE A7) B8t sl

e vt

Table 2. Particle size data of the reconstituted L-ferritins

. Reaction Particle mean Particle range
Protein ",
condition (nm) (nm)
L-ferritin (E.coli) 1 mg/mL, 3 mL 6.60 4.65-8.82
L-ferritin (yeast) 1 mg/mL, 3 mL 6.92 5.71-9.70
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3 4 5 6 7 B 9
Particle size (nm)

r 8 9
Particle size (nm)

Fig. 5. Transmission electron micrographs and particle size distribution
of'the iron cores of reconstituted L-ferritins. The scale bar presents
20 nm in the micrographs. (A) and (B) E. coli L-ferritin (1.0 mg/mL);
(C) and (D) yeast L-ferritin (1.0 mg/mL).

u[Ee] 7] EEEE AR, T AR BT TRk A
719 vherdEo] Ak & 4 ATt (Fig. 5). EX-fH
9] L-ferritin®] 73-$ -2l L-ferritinol] B]3] AtjA o=
T AATE HE F, ol AA, i g & YA
o] wjyjo] Wol 74ste] WA core T 2F 86%7} 6-8 nm
A712] Helel sigsiict o= vl =27] W #2442
oA B v ER-FH9) L-ferritin®] ool A kst
ZART T f2j8t Ao ®elr) o]} Akt Al an
o} tid=t o ZHE] YAk Al H-ferriting ©]-8-511 717}
AR5 Aee f=agko 2 dojFin o] - T FE
jel Lt vjujzte] FAEd o]zlo] AR o7 28510
g3l E 2} SX15R= Ao E FFHAT). A ferritin
o] Axs)d e AR FER LERda F AlE B
0.25, 0.21, 2 0.122] Al 7}2] d-spacing ¥7! & djjglo] gl
w3tk o] Ade= /3% mjulgo] B ferrihydrite =4
HIAA o) AY A o] Wa-& om|dh= Aoln] o] ]
AT Aol X [26,27].

Qokspd, B A= g 9719 PSS 7 Y
525 A7) 918l L-ferritine AREEIICE T2jEle] A%
& L-ferriting ©]g-5}o] nu|2-g- §4d319 1 T4% core
nju|ke] gk Hx; dnlg A5 SISl o] v
veSiAl dd 9 dste] oy 7] RS 7HA AL Qlod
e At FaE a Qlek el A 4709 e A
£ golsMl FAdsh= Aol AseirtzelAl Fast
ARRI vl o]egh EAPYEEHA UR= Asketd e Ayt
S ferritin TS o] &3] L gk 9719 v
YA st WAl & Aot Esh frdxpxzt
< &3t AT ferritin HOJAE Akl o] ZHE] U
AR et Tl Ak o AN o) S8

TFHGOEH 2o Bajel] R TR At b
spll 2 Zelrt.

4. A&

e §IREe] gdel] QlolA] Fast IS s Rk &
= Aotk thekst o o9 v A wiulEs A
sl7] flste] ofe] 7isze] ARk om BA| FAte] skl
ferritin WS AREsh= WS o] ==k o)y
st WX &5 (Saccharomyces cerevisiae) A AJ2ksk
AZF I L-ferritins AL 1 2AH 54 1179
SHItE st Tl o] (DNAE UE 55 5, U+t
(Escherichia coli)IX 341511 v w38 43183t
A7) FEA olsdH TR AS s A3, gRoA
Boeh AZF L-ferritin N-F23h= dojub] obota,
N-ZAstele] Tt Mo$ FAapgo] ZFEQS Z1o=
FFEQlCE o] T e H F5 AeME AlolE Bl
o Az g fFefe] LferritinelA] A 55 wh&o] i
Aoz = yepdtl ey S48 muEe] digh A
A, A 7] S AARARE o] gsto] EAEH]
o} GRolA RS A|Z3Y L-ferritin t7d=tollA] A3Akst
L-ferritin®l] HJ3} 358 AR (54.5%)= 7Hom 2o
OF FL FAY YAk A7) L) A ARl V=
T & (T 6.92 nm)Z 07 BAE ek o] Aap= Af
o] 7)o} ZeiAR] A TolA = ulf Rl Akt
L-ferritin®] “Jth#| o= 943t AdS oJn|si}.
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