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Repair of Iron Deficiency in Rats by the Intake of Recombinant Yeast Producing
Human H-fenitin
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Dept. of Food and Nutrition, Wonkwang University, lksan 570-749, Korea

Abstract

This study examined whether or not the iron that is accumulated in the recombinant microbes that produce femitin
is bioavailable to rats with iron deficiency. Rats induced with iron deficiency were treated with iron preparations of
Fe(NH4)2(S04);, horse spleen fenitin, control yeast, and femitin-producing recombinant yeast for 14 days. The bio-
availability of iron was examined by measuring hemoglobin concentration, hematocrit value, and tissue iron stores.
Differences between dietary groups were determined by one-way ANOVA, at the level of significance p<0.05. Based on
hemoglobin concentration and hematocrit value, iron in Fe(NH):(SOj);, horse spleen femitin, and ferritin-producing yeast
were bioavailable in rats and cured iron deficiency. The efficacy of feritin and femitin-producing yeast was confirmed
in establishing tissue iron stores after the induction of iron deficiency. The iron sources of femitin and the femi-
tin-producing yeast seemed to be as effective for the recovery from iron deficiency as the iron compounds of femic citrate
and ferrous ammonium sulfate. The results suggest that the iron stored in ferritin of the recombinant yeast is bioavailable,
and that the recombinant yeast may contribute widely as a source of iron to resolve the global problem of iron deficiency.

Key words : Iron deficiency, human H-ferritin, recombinant yeast.

8o 49 F MY FE AL HE 2ge2 HEF A
TAH O o] o]go] FE3A ZE w LAk o] T4
& ol”ole] A A4, A5 g 5 At 5o FHE
dog|m 7147 AAgoM = AL ARE AA gl 24
3 o] HTHLeung & Chan 2001).

HE 232 HE9 245 /I 1 902 24t
HE AFH 5, AAk o2 agld o3 HE S5
A A4, I 29, 3 5 2 A =0 g w2
¥ AgA4 8 S oty R AP vEe &
37, Edx 3o ot H& o5& hal o3 A
AaHog YT YA o] A4sl €@ %
AE o] e AFEFAHE 4A ol & U
go] AE-2 AgdfdM FFEFEEES 4o gt
(Harrison & Arosio 1996).
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DA A HE2 dEd, sRAdd 22
Hed delde Axde EAste 7844
HlH 2 B B8-g01m AZfjelx
@ sje, pAgges gde
TAH-e] B Jde & defx YA eriHarrison &
Arosio 1996). #2l€l& Al xule] QB HEA G
2 o] gzl o talzl o) u(protein shell)9} W} (core) 0. &
TAAE l=dl, vl 9ulE 24709] subunito] E2FE o]
TEE ol F3 olZA A A W3(FE oF 8§ nm)ll= £
A7 o 4500709 E RS 4 ¢ Qi) HYgHe
W A& Fe(ll)del2 BREo2n fejd Hol o
AEX VY SO ZHE AEE R3S 4w, kg 22 2
22 & Wt Fe() JH= #9AA FF3cHBaynes &
Bothwell 1990, Theil 1987).

Aol e Al BE AE Fo EAle AF7A ALEs
ZIEA BE, AE E UABE F A AEAZREH 2
= th(Theil 1987, Harrison & Arosio 1996). Al2k #gjele
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240 web 1 24 ) go] D} ode) isoferritine] ZA
o} jﬂé}dy A1 7Aoo &A= isoferritin(H-rich ferri-
tin)& H subunite] 24 ¥l &o| F3 ulad R&AFe] Aok
(Harrison & Arosio 1996). 2z} ZZ o] ZA)8E isoferritin®)
71%5-3e) Hol= subunits] 24 ¥]g<] Aol BrakAl gk
& Aoz Btk &3], Hrich ferriting HE- 2ule] 715 %
7Re AeE AR Z3F Wi H &= L subunite =
wh o] o}l feritin 5% 7] EA (homopolymen)= Fe]¥ ul
glom olA7HA ferritin subunite] AFEW 75L& WA
& TtHBroxmeyer et al 1981, Harrison et al 1990). 22 A7)
| pHellA} Fe'™7} A1 F8] 2-44(10""M) ©]oiA sl2jelo] ¢
224 SES 10"} S7AA AZAA B9 Aol
2 o&-Z FcHLinder et al 1972, Lobreaux & Brait 1991).

2| # & B(Saccaromyces cerevisiae)t= AFEolA] <HA g A
EAlo]a Fo] TR AFLRE ERE o83 ey
o] 417 ARkl A 22 7 glen 220 ol B
2o Bart JriNam et al 1996, Chun et al 1996, Hovland
et al 1989, Park et al 2000, Lee et al 2001). =3 G4,
PAYEI Ao} Bol ZH50] oA TS
A8 FAELA v)$ FE54 Aol F14 TAE
98 SAETe) WolF} wda el AL, wi A7)
FRO| JNL Foll #g A7vt &ds| s ArkHov-
land et al 1989, Park et al 2000). T AFollA] 230 F 2
o S B8 BAZ] A, gRo] E Aol
Z7go] FAFTHShin e al 2001).
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838 ¢ 9lS Aoz B} t}E Ao (Shin et af
2001, Seo et al 2003) ARl ALt 32|l H-AL&T} L-ALE
FAAE LA oA ol SE deld AN A=
3} & Y(human ferritin H-chain recombinant yeast, i/H &%)
Aol T8 o el BHE AZE HALZ AEL in
vivool M ferroxidase o] glo} L-sleluinct ARESF &
(iron uptake)o] W23, L-A2Ee H-AlE lRug) o
% QH core WAol SLeo] BnHALT. Ee AR
oA He} L-subunitg 7F gle]®l o] 3% A (heteropoly-
meng Alele] A A% LslelDe AEujolA LB
5ol gdlow AzyALe] AR Bel de
H-subunit®] gz} wjg @A o] givke Ex7b 131 ck(Shin
et al 2001).
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A A1 HoAE SRR o1 3H R S A
A e ST ER G2 (Saccaromyces. cerevisiae) 2805(MATa
pep4:HIS3 prbl-d canl GAL2 his3 ura3-52, YGT)S A}8-3}
R

FE(YGT) @37} control 2 AFE-H T 7)ol HEo|
A EA] Fpow ¥ E== 0.1 p#mol/g (wet cell weight)
Atk FAAMEE Felrrlee £R AE HEQ YEp
3528 AHg3)9t) YEp3529] GAL 1 promotor, GPD pro-
motor 2 GAL7 terminator7} 4F1 =]} 21 YEp352-GAL, YEp
352-GPD % pGAL7-TER2E HEu|stm FE4] uAlZ HE]
Algukgkt), A Zefeke Seo 5(Seo et al 2002, Seo et al
2003)2] W wet ControlQ) &R <M X9} AZFEA
o ulFe AT Qe YRS 1% BEFEE, §
AR 2% o] FHE 2% PHES AHE3k 30T, 200
pm O E WHFEAX 3U 7t w3t 5,000 g, 10524 C)0ll
A QARTE Sesin NS 20 mM 3N mor-
pholino) propane sulfonic acid buffer(pH6.5)ol| 4] 23] A} 3}
AT} 5%(wiv) 2 - dA) 3057} preincubating
T FRAZEL 143 mM Fe(NH)(SOs)1S 30T 2417 =
HH200 pm) A e 24 HE-S FHAZCH

H 5 YGH2Z 37|38} 1 o]2] H¥ HX+& control
Fore] ARRG ol 3 ALY 0% ol ol A¥AF
Sz B v 9lor o|Ae ek 1671 pmol/
g(wet cell weight in YGH2)YU-S 31318 ATHSeo et al
2003). & 27 §4BoNA 271 HE o 2o A5H
7] W&ol 2 (ferrous sulfate) th4l 3HAkot 2 54 (ferrous
ammonium sulfate)S AFEEIH L YGT cell& 1% 92
B, f=AR 2% Adol THE 2% BENA WFai L,
2552 23] AHsl 5,000 g, 108(4T)2F DA Eelsld
YGT A E2} YGH2 A3 pellet 150 g(wet weight)S 3]<3}
o & Add) Aot

2
A% 3549 SDA #H FHE TUHE F=(Seoul, Korea)
oA st 15:U7t 28 Wi s R A-SAIZ H 89t
A 7702 Y9t} Control T& HAALRE AIN-76 AL
(Dyets Co, USA, 48 mg Fe/kg die)E, 2 APFoz:
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AIN A& AFALF(Dyets Co, USA, 2 mg Fe/kg diet, AIN-Fe
deficient) 2 287t Hch HE APo2RE 35 FHE
v w&}7] 938le] AIN-Fe deficient A}E S 1493F HQl F,
YGH2E H]#3 2 39 HEAIEE 1493 F5319A

717 B AT F ALRFAl ddte St AFS W

2 AT AN E5d A4¥E 22 TR o

2t}

Control: AAALE T AIN-76 A&, 2827k Control

HBEZAFAAE 7 AIN-Fe deficient AFE , 2897k AIN-

Fe deficient

3. AIN-Fe deficient, 1447} +Fe(NH4)2(SO4),, 30 mgFe/kg
diet), 1423k FAS(30)

4. AIN-Fe deficient, 1497} +Fe(NH4)»(SO4);, 50 mgFe/kg
diet), 1427k FAS(50)

5. AIN-Fe deicientf, 14237t + v]A g 2)€l(horse spleen
ferritin, 35 mg Fe/kg diet), 1497} HSF

6. AIN-Fe deficient, 1447} +YGT(2 mg Fe/kg diet), 14
7F YGT

7. AIN-Fe deficient, 147} +YGH2(35 mg Fe/kg diet), 14
d7E YGH2

do fg Ho

Do E o

3. A2

28 B AP FES AT i S AF 14¢,
21950l me]ol| (0.5 mL), 289 Foll= A7dllA A2
o} ot Aejd Alg el ot SntEIHMHYE whol2
ELAFEEHO R, FEZ2Y(Hb) %= Spotchem Kit(Ar-
kay Inc, Japan)E AH8-3te] S5l51 00 28F0] FAYAA

Zh, ¥)Ake] A& 822 microwave sample preperation system

28519tk AR E-8(Feed Efficiency)S 2897+e] 37 A} -

ded A= AR E d94d 18 Y 95

(CEM, USA)°l| &Jdta] 70% A4K7 mL), 30% B4K3 mL)S
Z BA|AH DAEF = (Atomic absorption spectrometer,
AAS, Spectr AA-880, Varian, USA)2. 2 3 3}%tt

4. 5 Al :

SPSS =2Ij-g AHg-ste] @A 2to]E One way
ANOVA(@<0.05)5, Atge] f-9]2 ZtolE post hot-Tukey's
testS AM8-3FAT

g
1. Zl2lel MM ixE 20 o5t HE Z2E 272
Bie JHM B

7 Ao BEAZ, F AEAFAY, AR EHES
Table 19| A25F¥ch

HAEAZI F AT AJT T BAFHCE F
9%t Aol 7t gl et HFptel A= thazt Abol & Bl A
< &7} A7) yiolg A AT TS 49T
7te] zlo]E Heo HSF#o] 74 %3 AIN-Fe deficient=,
FAF (30), FAF(50)7, YGTZS Z0=Hl AIN-Fe defi-
cient, FAF(30)%, FAF(50)Z& AlR 28 % fodoz ¥
ol AlREE&H A 7t 3ol ABE & & YUk HSF&
YGH2& control®} H|F &7}, ALEE&°] FAFSII T

2. sz Z2¢I(Hb), sliotEIS(ht)aL

7} 2% #e] Hb, Ht 32 Table 20 Al sl )
HBE3}o] 2 mg/kg(diet)2] AIN-Fe deficientw2] d Hb
=27} 67£15 g/L, Hty 0.26+0.10(volume fraction)© 2 z}zt
control®] 54%, 59%Jth YGT+9] 7% Hbs} HtE AIN-Fe

Table 1. Body weight, body weight gain, total food intake and feed efficiency of rats

Group Dietary[Fe] Finz?l body Body. weight "Ijotal food Fe.ed
(mg/kg) weight(g) gain(g) intake(g) Efficiency
Control(AIN-76) 48 255.0+28.8" 152.5£19.8% 419474473 0.36+0.03°
AIN-Fe deficient 2 235.0+26.5 127.5+12.6" 429.2+48.3 0.30+0.03°
FAS(30) : 30 228.0+ 8.4 132.0+14.8" 432.4+15.9 0.30+0.03°
FAS(50) 50 218.6+27.3 125.7+12.7° 419.1+54.4 0.300.02°
HSF 35 260.0+22.8 161.7+14.7° 459.5+40.3 0.35+0.02
YGT 2 228.6£17.7 131.4£15.7° 41724324 0.31£0.02%
YGH2 35 253.3+25.0 146.7+17.5™ 43714432 0.3420.02°

NS Means not significant at a=0.05 by Tukey’s test.

¢ Values with different superscipt letters indicate significantly different at p<0.05 among the groups in the same period.

Strains are described in Materials and Methods.
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Table 2. Recovery of rats from dietary iron deﬁciency with iron from purified horsespleen fernritin (HSF) and recombinant

yeast’r
Hemoglobin(g/L) Hematocrit(volume fraction)
Dietary [Fe]
Group
(mg/kg) 14d 21d 28d 14d 21d 28d

Control 48 102:40° 113+ & 124+16° 0.49+0.03 0.3040.01*°  0.44+0.08°
AIN Fe-deficient 2 69+19% 69+31% 67+15° 0.36+0.04° 0.25+0.02° 0.2640.10°
FAS (30) 30 73+28% 99+19™ 121+ 8° 0.37£0.05°  0.3620.06" 0.37+0.06™
FAS (50) 50 74+19% 87428 124+10° 0.23£0.01° 0.35+0.05° 0.45+0.02°
HSF 35 62+19® 70+ 3% 14211 0.37£0.08°  0.47+0.07° 0.46+0.04°
YGT 2 56+18° 59+10° 63+10° 0.41£0.04®  030£0.05%  0.260.05°
YGH2 35 6614 * 114+ 6° 13213 0.42+0.09®°  0.44£0.02"  0.48+0.03°

" Values are means + Standard deviation(n=8).

*"¢ Values with different superscipt letters indicate significantly different at p<0.05 among the groups in the same period.

Strains are described in Materials and Methods.

Table 3. Efficacy of fenitin and recombinant yeast on tissue
iron stores in iron deficiency-induced rats’

Dietary [Fe] Iron concentration( ¢ mol/g)

Group (mg/kg) Liver Spleen
Control 48 1.03£0.09°  3.56+0.26"
AIN Fe-deficient 2 0.56£0.03°  1.95+0.21°
FAS(30) 30 0.84£0.10°  3.03%0.50°
FAS(50) 50 0.86+0.08"  3.32+0.14°
HSF 35 1.10£0.33"  3.66£0.21°
YGT 2 0.50£0.02°  2.03+0.25"
YGH2 35 1.14£0.12°  3.51=0.40°

" Values are means + Standard deviation (n=8)

*7¢ Values with different superscipt letters indicate significantly
different at p<0.05 among the groups in the same period.

Strains are described in Materials and Methods.

deficient o3} 7o wrgkr}. FAS®} HSFo| 93t A B2 3L
AEARL 3 BAA(p<0.05) ABA o]&4L vehic)

FAS(30), FAS(50)ol| 4] Hbe} Htol] & =}o]Z Holx] e
A2 FAS(30)9] HEF=rl ¥ 380 SR & &
gow YGH2 & ARAFPCZRE HE T3Athp<
0.05).

3. ot H|Fel H MF

AE Fo] o2 A5 27 AR AFFS golE 4
¥}= Table 39l Aldlc)

YGH2Zoll A 2t} B Ae] HE F57} 1.14+0.12 pmol/g,
3.512041 pmol/ge 2 Z}Z} control®] 111%, 99%Z control
3} A9 29k} HSFE 7 1.10+0.33 zmol/g, H]Z 3.66+
021 pgmol/ge g YGH27¥} FAM gh-& Bt M & 5
S7F FASGO)S A 2kzF A9l o} FAS(30)3 FAS(50)2 o]
2 AEE7} controli} 2 FF0]¢lth. HSF(35 mgFe/
Kg)@ YGH2(35 mgFe/Kg)Ht}h FAS(30)0] 7t HE- 3] H.d|
syl T3k AIN-Fe deficient, YGH2uol|lA= 7hal

dlgel AREEst feHos gk

Felduel Age AR, Az a2 AE, ¥r1E 53]
Ao A F-8A Zo|E dolHItE A Z(Seo er al 2003)
o] A#A] H ERE 143 mM BEOZ ¥keAlA 167
pmol/g wet cell YGH2E A 2™ WH EEE in vivool A
o] YT AAFTHREY R 24 WHH B2
BEae) 90% ool F2 ArARNAYE B
it} ot Ao x(Seo et al 2002, Beard et al 1996) 2]
g div FAXgE g RS Il FoEM 2
FAPCRREH AHE 35N S BTk

AtE el et 3F o] A|F St AARE LM HE A
A AIN-Fe deficient 7, YGT ol R3] ©Ee
Az ARo] FEAA Fasltte RS HoFArHMu-

T
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rray-Kolb et al 2002). FAS Zol| A4 #Z=71¢} AlRo]4 8 &0
A% o)lfe B dEvte g ¥a) odt) A B2l
HSF¢+ YGH2 & AF F71el A|88-80)] control@} -§-A}
3}tk Hbe} Ht= FAS, YGH27L o} #H <] 91d X 5o
$-840] © FHTtHTable 2). FAS(30)2o) Al Hbi: controls}
FrAFSE 31 FAS(50)wtell A1 28l Ht7} %ﬂ'ﬂoﬂhtﬂ ol &
FAS(50)¢] & T&rt 35 o5 ZH0|A&S 71
t}. HSF¢} YGH2 9] FE ZAfg oz HE 9 :@]%—,?; control
I} vzt el ol AEel H ZRe] ¥ control
o] ARFUQ T A (ferric citrate)o] v} SR A (fer-
rous ammonium sulfate, FAF)Z-& Z & 23wz 334
ol Zwaduh

YGH2 #& A# TEE A% 815 Aol Ao A
olES wole TR &P AR AAZI QA
AME HAL HES Frgo] QA Ad ARg =33}
o AT AAE, A BT TR/, AA] FE FF
A2 AAA T el 2919 FEFE W=THMurray-Kolb

et al 2002, Strube et al 2002). AV} HAE BEo| A
o] &5 A F= Aol Aeld axlo] fAlslvta B
315}+% =8| (Mahoney & Hendricks 1984) #fH £97} A Ee
ol g&3 22 I FFE FIAAL:

el H BR9 842 AE ZHS F5A

ZA A Ao —4 o] F43tA Q?iﬁ‘:q ol& 2]

2 FFEHASE VY w2 2

# Zke] HHE 3] EoA FAS(30)o] HSF(35 mg Fe/Kg diet) 2}

YGH2(35 mg Fe/Kg diet) AbRBT} %) 9ol HSFS} YGH

20 ofgt AE Fgo] A9 AL AFAdsed T4

< FASHT B82S 7lel71m iH A8 FH0] 282
ARE FJEAT|=H o] BE FRASIATE H F 19

AE ZBA 9E el dig o2 A} ofF o] R0l
A ot & Ao ZBE MY AFER vlweA] £k

J FYRFAZ AMGEH = A2 gE o v u o 22X
AR WY WY B3E AAHeR HAES § U

LB AL yH Z50 WE s sl dig 27)1eA

2 8% s Zga2nl §%, dvEAs, ) vt E

BE 343 o] a7k A ETeE NE M gHE

a7l Fe7k dvka B 4 qlevng & AR A

ZH(total iron binding capasity, TIBC), Ed 232 Fax

(transferrin saturation, TS), 2] AE- Fx 5 U2 A EE

Aoll g HEZL o] Folzfof shalth. Axu ZREF7H

olz] &Als] AT A From FRA e H|EE

AdE FEeo] vind B e f54 RS A3t

o] AR WH AR AAo]8do] ol AR

Aoz $eattn ¥ ¢ A

K:E_,

of oM re o
o of

LU S S
okl

A" A= 7R

T+ 2494 WE A 97

ZHAbe 2
B 03_?% 004§ME Foigty pdE) xde s
o] Foizl o] %A}E%qv‘r.
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