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Correlation Between Primary Tuberculous Pleurisy and
NRAMPI Genetic Polymorphism

Je Hyeong Kim, M.D., Byung Gyu Kim, M.D., Ki Hwan Jung, M.D.,
Sang Myun Park, M.D. Sang Youb Lee, M.D., Sin Hyung Lee, M.D,,
Cheol Sin, M.D., Jae Youn Cho, M.D., Jae Jeong Shim, M.D.,
Kwang Ho In, M.D., Se Hwa Yoo, M.D., Kyung Ho Kang, M.D.

Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea

Background : The phagolysosomal function of alveolar macrophage against M. fubercidosis infection is influ-
enced by Nrampl, which is encoded by the NRAMP! gene. There are several genetic polymorphisms in
NRAMPI, and these polymorphisms affect the innate host resistance through the defect in production and
function of Nrampl. To investigate this relationship, the NRAMPI genetic polymorphism in patients with pri-
mary tuberculous pleurisy was determined.

Methods : Fifty-six primary tuberculous pleurisy patient, who were diagnosed by pleural biopsy, were desig-
nated to the pleurisy group and 45 healthy adults were designated to the healthy control group. Three genetic
polymorphisms of NRAMPI, such as a single point mutation in intron 4(469+14G/C, INT4), a
nonconservative single-base substitution at codon 543 that changes aspartic acid to asparagine(D543N) and a
TGTG deletion in the 3’ untranslated region(1729+55del4, 3'UTR), were determined. Polymerase chain reac-
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tion(PCR) and polymerase chain reaction-restriction fragment length polymorphism(PCR-RFLP) were used.
Results : The frequencies of mutant genotypes of INT4 and 3’'UTR were significantly high in pleurisy group(p
=0.001, p=0.023). But the frequencies of D543N were not significantly different between the two groups(p=
0.079). The odds ratios, which are a comparison with wild genotype for determining mutant genotypes, were 8.
022(95% confidence interval=2.422~26.572) for INT4 and 5.733(95% confidence interval=1.137~28.916)
for 3'UTR ; these were statistically significant. But the ratio for D543N was not significant. In the combined
analysis of the INT4 and 3'UTR polymorphisms, the odds ratios were 6.000(95% confidence interval=1.461~
24.640) for GC/++ genotype and 14.000(95% confidence interval=1.610~121.754) for GC/+del when
compared with GG/+ + homozygotes ; these were statistically significant.

Conclusion : Among the NRAMP1 genetic polymorphisms, a single point mutation in intron 4(469+14G/C,
INT4) and a TGTG deletion in the 3’ untranslated region(1729-+55del4, 3'UTR) were closely related to the

primary tuberculous pleurisy. (Tuberculosis and Respiratory Diseases 2000, 48 : 155-165)

Key words : tuberculosis, tuberculous pleurisy, Nrampl, NRAMPI genetic polymorphism.
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Mycobacterium tuberculosis(M. tuberculosis)
2 3 2L AAIF oz 7 E3 249 A F9
R, gz A AA 479 1/3 F=v} olgksof
e, uid oF 8003t W WX 12007 ¥ F=o
254 28 FA) qAska, o] F 3009 ¥ Fx
7t AP, Selueke] 7S, 19954 HAIR A7
A A 28 JezA s A 30d 1 RE
T dh FAd AVl AT, 47 100,000 F
254 28 847t 11,0329 A B1d v §)
o},
A ZG=EACE 2 QFEge] = 7
7} tiF-Eol, ¢F 10% AT A4 F3e Tue
A5 7ol BAsie, AT A9 59 ol9q,
Agge] digt 3 ¥hgo] A 3] Ldd Fa
g 98-S § Zolgke YA FE3 1 FAE]
Bag v o} olydt 5 vhg-& Ao gigk A
A4 WAds BCG(bacille Calmette~-Guérin) A%
I 22 g5 Aoz AAHY, o] F A¥AH A
& A7 A Z5EE 2R K18 8o
2, ol 7loske A ¥ I E T I o

3 A7 Ao gF AA Loir)AE s,
A& odela 83k b oA 8T HRE
AT Aoz Ay Qi) AAR YA E o]
SE AYAA M. tuberculosisE T3 B Al
E U HdAel di 244 € U 1 g8
EAsh= Beg #AA o8] 2AEE Z2E 9@
Re-s o] AR e 47 FAeAdn WA 23A
£ Bcg*st Beg e 5 71X 2¥%0] EAlsta 24
2719 $FU 7 A3 BAEE Aes Rud vt
Qqom’, M. tuberculosis ¥ ohJgt M. avium
complex®, M. lepraemurium®, Leishmania
donovani'®, Salmonella typhimurium" 53}
Z2e A U LA ug 27] Zhd= #Aditt
I &EA o). o] & Vidal 528 Beg o Ui &
H $A3AE 544 2249 (cloning) WY& |83}
o] B2lsln, Nrampl (Natural resistance associ-
ated macrophage protein 1) 2.2 W3l on, o]
A2 R FA== Nrampl @939 7]%59 o
Aol & 7% mycobacteria®} 22 AEu] HUT
o it Aol 7tk AR Husiyeh. ¥
Cellier 513 <lzte] §MA] 2q35901A4] 1670¢] f&
(axon)o.2 FAE, WA Nrampl 32X BF
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AR, NRAMPI §3#& w8 Won, 17te] o
2 AFE] o3, o] FAA e oF 87HA9] £4
2} T} A (genetic polymorphism)o} EA)s= Ao
2 guiFlon, 11 F UEE 49 99 G/C AE
Aol (469+14G/C), 543 2ES] Asp — Asn
ozol Wol 9 3 vglE %9 (untranslated re-
gion)9] TGTG FE£(1729+-55deld) Fo] A8}
3 ol2d AL, o fAAe] i AsEE
Nrampl @a#do] 34 E& 71500 o3& sl
AYgo] U AFAEE FUIAAGL ¢EA Qe
i, A2 Aot} o] HAY FhAjolA o]9}
22 BdAe] B b gioe

£ a7dAE dat Adez e 294 9
d 84 o A =2HAL Aow sy 4
o] Whgslr] @& WAL AUEE Wyes,
NRAMPI #3834 tgAde] Wsg 2Algtoas,
NRAMPI §4z bda3XAe] Zdze dx 29y
ol M& dF 2o T Wxd A= 4¥e n
A3tz she.

che 3wy
T Y

1998 3¥YRE 19993 84714 mejdstne =&
o Wl st Fot 2FAE B8 gRd 2
A4 FUG A F 2 AAHe] gn FF WA
A AR 4 F5 olele] te el gl $AES
ddoz st o] 8 F Iy, Wy A,
¢2E& 5, dEAe, 9% B9 9, 9 B,
A A4 Foio] 7128, #9F, B7) o4, FH
AR FFT T SF9 FH4 999 ¥g
EE 28 e 9%E & 7 Y Yol e A
FE AN 56mE 2R FRET(pleurisy
group) 0.2 Aojsiglet. Tejx 23 fxe] 715 o
gglegA Holx 3744 o)dd Z3 xzle} LAY
A HEE HAHe] ot 28 2] 719l

QT FHF WA ARG R 453 E 3% dEF
(healthy control group) 2.2 3}5jc}.

2. Genomic DNA S| =&

g el ek AolA HE 6mlE 8} (hep-
arin) & R Algde] NPale d2oA 4000
rpm 2 2087 94 Pelskid. d4dEe &, 4
29} dul(buffy coat) 20040 & #skd 15m ¢
FHol 2& %, High Pure PCR Template Prepa-
ration Kit® (Boehringer Mannheim, Germany)&

o]g3t) DNAE &35ich
3. NRAMPI %zt chéide] el

NRAMPI #3x t8Ae] d3e, 3¢ DNA
J thEfiA 2gdaAs A49he-(polymerase chain re-
action, PCR)%} 21 ¥ $#as Advrs-Adas
A Zo] tv}dA(polymerase chain reaction-
restriction fragment length polymorphism, PCR-
RFLP)& o|&3lo] ARt 4o g4 e <
EE 49 G/C HEAW](469+14G/C)x INTY
2, 5439 2ES] G(Asp)olx A(Asn)2e] ¥lo]
= D543Nog, 3 H#E 9¥ (untranslated re-
gion)8] TGTG #H<=(1729+55del4)& 3UTR=E
kS L=

(1) ZeEA H2pt2 (polymerase chain reaction,
PCR)
Zkzte] A HAE FEsled AR ARA
(primer)¥ INT4E 5-CTC TGG CTG AAG
GCT CTC C-3'¢} 5'-TGT GCT ATC AGT TGA
GCC TC-3’, D543N ¥ 3JUTR& 5-GCA TCT
CCC CAA TTC ATG GT-3'¢ 5-AAC TGT
CCC ACT CTA TCC TG-3'9}|%ith(Bioneer,
Korea)., E8a4s daygo] A48 899 x4
Z 200 ] 8 yjo] DNA 2 p¢, primer 10pM,
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Fig. 1. Agarose gel electrophoresis of PCR prod-
ucts.

INT4 D543N
GIG GIC CIC GIG G/A

JUTRTGTG
++ Hdel

Fig. 2. Agarose gel electrophoreis of PCR-
RFLP products.

Taq DNA polymerase 1U, dNTP 250:.M, Tris-
HCI(pH 9.0) 10mM, KCI 40mM, MgCl, 1.5mM<&
AHE3IATH(AccuPower™ PCR Premix, Bioneer,
Korea). PCR& GeneAmp PCR System 9600
(Perkin Elmer Cetus, USA)& ¢]8-3}c], INT49]
7395 94°CollA 58 2 ¥HAIZ T wAdukge- 94
TAA 18, 22 56TCAA 18, agnge
72°CAAA 184 WHEHoz 35 AL AP &

72CoAA TE AT 4TColA BB
D543N & 3'UTR AFuHg2t 55CoA 182
313 71e} 2748 INT4 9] 399 FYsdt.

PCR #Ho] ¢ F, vHEE 2% 4 A
(agarose gel) Woll4 7] (electrophoresis) &
A&t ethidium bromide @4 &, INT4¢) tj&
M 623 @718 (base pair, bp)¢] DNA #3¢&,
D543N ¢ 3'UTRe] disirl= 244 bpe} £4& =
2]4 zA}7)(ULTRA - LUM-U. V. DNA Analy-
sis Transilluminator SL-20, Seolin Scientific

Corp., Korea) Ao|lA] &<l3}c}(Fig. 1).

(2) B85 AARIS-HFIEA Hch 2ol oisy
(polymerase chain reaction-restriction frag-
ment length polymorphism, PCR-RFLP)

ZF f32 @8] XA opBE (wild type) 7}

WHo)¥ (mutant type) o] H7IMEE AAET] 3

o PCR-RFLP {$& o]&3lrh. ZH2he] v34 o

2 Q1L 4% AR aARE INT49] 739 Apal

(GGGCCYC)& A3l G — C ¥ol¥ge] 734

455bpe} 169bpe) 2 band & #9139, D543N ¢}

% Ava I(GYGWCC)E AMg3le Oy ¥

G(Asp)= 126bp, 79bp 2 39bpe] 3 bandolA,

A(Asn)+ 201bpe} 39bpe} 2 bandE #4181},

283 3'UTRe| dsiMe Fok {GGATG(9/13))

& AHgEle] diY 82 TGTG+ o) tisfiAe 211bp

9} 33bp, deldl] disiA= 240bpe) BHL &<lsld

t}(Fig. 2).

Zyzke] PCR-RFLP Wk ARS-d f-o4o] 2Ae
Apale) B Apal 240, buffer{100mM Tris
-HCI(pH 7.5), 100mM MgCl,, 10mM Dithiothrei-
tol} 248, substrate DNA 4 u¢, sterilized dis-
tilled water 12 20 93, Ava 119] %% Ava Il
1u¢, buffer{100mM Tris-HCI(pH 7.5), 100mM
MgCl,, 10mM Dithiothreitol, 500mM NaCl} 2 ¢,
substrate DNA 8 ¢, sterilized distilled water 9
ul, Fokle)l A%+ Fokl 148, buffer{100mM
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Tris-HCl(pH 7.5), 100mM MgCl, 10mM
Dithiothreitol, 500mM NaCi} 2u¢, substrate
DNA 4 ¢, sterilized distilled water 1340 2] 2
oz, 37CHAA 8AIZE o) weAIRl %, stop-
mix2 & FRATIL 2% FH AA Ar] 3
i £ AVl E s

3. SAIxz

INT4, D543N @ 3UTR9} 3714 tfadAdl A3
A FUET, 27 d2T A7l tate] o ga) ¥
ojglel Winel ol stoldlF WA (chi-square
test) & B3 A3, p gke] 0.05 vliel Ag-
FAMcE fog Aoz dasct. =3 Ay

F9 At Wy dAEd 8858 A3 UxT
z}e] eatH] (odds ratio) & T3te] &L, 242t
o] & thyAdzre]l A% E4J(combined analy-
sis) & At dA] wapIE FIAY. 28 A
A A4 SPSS for Windows 9.02.2 &}t

2 =

) Bzl W d%e 29 FHAE, 17 d=
T 42 39 +2.734), 30.4+1.454 ¥, Fie] v
= Z¥z} 38:18 & 27:19 olglen, A7 dzZ
4575 A9 fApe) 5L 2619, 4RI 1970
At

234 FHded 47 dzxedael NRAMPI

Table 1. Comparison of NRAMPI polymorphisms between tuberculous pleurisy group and

healthy normal control group

ealth
Polymorphism Plourisy }(jontrojll p-value Odds ratio”
- (95% CI**)
no. of subjects
INT4 n=41(%) n=45(%)
G/G 23(56.1%) 41(91.1%)
. . 8.022
G/C 16(39.0%) 4(8.9%) 0.001 (2.422-26.572)
c/C 2(4.9%) 0(0%)
D543N n=37(%) n=45(%)
G/G 31(83.8%) 43(95.6%)
G/A 6(16.2%) 2(44%) 0.079 4161
(0.787-22.008)
A/A 0(0%) 0(0%)
3'UTR n=38(%) n=45(%)
TGTGH+/+ 30(78.9%) 43(95.6%)
. . 5.733
TGTG+ /del 8(21.1%) 2(4.4%) 0.023 (1.137-28.916)
del/del 0(0%) 0(0%)

* The odds ratios are represent comparison with wild genotype for mutant genotypes.

** Confidence interval.
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Table 2. Combined analysis of NRAMPI INT4 and 3'UTR variants

INT4/3'UTR Pleurisy Healthy control Odds ratio* I
=value
Genotype no. of subjects (95% CI**) P
GG/+ + 20 1.0
6.000
GC/+ + 9 0.009
(1.461-24.640)
14.000
GC/+del 7 0.005

(1.610-121.754)

* Odds ratios are for comparisons with the GG/+ + genotype.

** Confidence interval.

F37 thA ] Ws= NRAMPI $3xke] INT4
ttEAde] Ae FHIGFAM G/G:G/C:C/C=
56.1% : 39.0% :4.9%, 7 dzFdAE 911
%:8.9% : 0% o2 ZAMA FoFolA wHolge
Hs7t folahA ¥%e™ (p=0.001), ¥UTR9] 7
< FudzolAl TGTGH/+ : TGTG+ /del : del
/del=78.9% :21.1% : 0%, Z7} UzRFgAE=
95.6% :4.4% : 0% = HA| Fol3HA WolFe WIw
7b E=%H(p=0.023). Z2u} D543N¢] A= F
gaFda G/G:G/A I A/A=83.8% :16.2%
1 0%, A7 HRFIAM 95.6% : 4.4% 0% 2 F

A fodt ZolE Bolxl attH(p=0.079)
(Table 1).

3 oY fxE o)y B FE HA ol
Y $AAHL vlwE x| (odds ratio) =, INT4
o] 9 8.022(95% AlFTIr=2.422~26.572),
FUTRS 7$% 5.733(95% AF7r=1.137~
28.916) o2 ZA FLA Ayt Holde FA%
Y &Eo) A7 dixwd) vl 4 8.0224, 5.
733u] Eoton g FHAL FAHor o3}
et 28U} D543Ne] A$= st 4.161(95
% NFT7E=0.787~22.008) 010} EAFHOoT
ol AE gt (Table 1).

INT4¢} 3UTR A& od¥4de Asie] B4
(combined analysis) § 27, GG/+ + $dx18d7
Hadtds W, GC/++9 7ZA$ mxuzl 6.000

(95% N7+ =1.461~24.640), GC/+del2] 3
= 14.000(95% A=7¢=1.610~121.754) 2.
2 284 F99 821 INT4 C 09 338 28
¢ &9 INT4 C dig 327 3'UTR del Uy 8
Ae 25 ¥XHY 8ol 44 6w, 149 Hgon
ol2j5t P L EAF R o5kt (Table 2).
o ¢t
A4 FLE9e Fo2 W] 2o 9 dig =
dg shikgogl, AdA 7Y F 64 123 =
ol Fut Fgjol] EAlske WA We HdE s}
of FebF W2 Aol oz Y= 4
97} 7V EFfope A AT n# A o]zt
B BB AgA A} FtE o] B A
o gad vl gRgH*? Arriero 523 Valdés
SH2e Yot 31, ¢3E FF| HEHo AF 7
47} gleA, Ag A =T 2 vl %A $40
3, FH AR AR A A4 €% P e
o, FH28d wRuedal $A4Q AS YA 29
of 9 Fuede) 7ol BoL Rudt, ¥ AT
o]t BAER YRR dx Ao o Feie]
7VFsR0l & Zog AlsET.
M. tuberculosis o g 27] ol H x|
ZA5h= th2] M E (alveolar macrophage)Eof ¢
sla] o]Fojd}. gt HFo] 3FIVIE BHA 7
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g=d, 4] AEe] FHA EAsR= B (comple-
ment), THxA(mannose), ¥ 4 @9 (surfac-
tant protein), scavenger &3] (receptor) 5% ¥
A A £} A¥ o] A3, phagosome-ly-
sosome ZAFAE JAJT F B AT (reactive
oxygen species) % A4 FAE(reactive nitrogen
species) 2] YA} o} I E A~ (apoptosis) T2 7]
Ho g Ao #F& WHsAY APEAIIT L &
24 ok, o] dF Ze 2] AlRe] )Tl ool
s, A tig Addd Aol FvlkEe
dl, Z1zke] A5l oJ3hd Aol tiste] A
o8 244 4 WS Ze WARRE 4 i A
FollA HAHHQ ol ETEAIAS E= 44 ¥E Y
(antigen presenting ability)*¢] x}o]7} By u}
At

H 53] FEOL Qe A oig 39 W
o] 71l 3 A1, B4 28 (phagocytosis) ¥
phagosome-lysosomeo] A&E o F83 4d&
8h= Nrampl @902, 1 433} 7ol FEe v
A AR DA AL ol BAlo] JAFHA A
o},

Nrampl €& o 60kD Fxs BAZe 7hd
A oz NRAMPI SRAAERE wHEo]x
9, 1270¢] A9}t o (transmembrane domain)#}
233} M E9 18] (glycosylated extracellular loop)
7} EAFHE FEE 0183 in vitro ¥ in vivo 9
ol ojgtd, 2] Mo 2] #43 HRZdA F2
& theFelk 9g3ke vehyo], CXC chemokine KC
2 interleukin-18(IL-18), inducible nitric oxide
synthase(iNOS), MHC class II molecules, tumor
necrosis factor o{ TNFg), nitric oxide(NO) re-
lease, Li-arginine flux, oxidative burst Z18]3 3}
o, g RS Y, £ g Alxe 9 &
g} 314 (membrane transport processes)dl] 2104
383 71%5E ke Aoz 48R Utk o AL
% 53 F8% 7% 39 e 249 2719 i
AE AEZD o] oA (nitrite) & B} A

phagolysosome .2 ©olFAIA Ar8l  Fi(nitric
oxide) & 3= Aoz, o 715l ool B3}
A mycobacteria 9} 22 AU Yol iz 2=
Aol Zr7lsHAl Hot. E UE 8% 75 o i
FRd] BAY Aoz, 4T phagolysosomeo] Y4
5™ phagolysosome Wo] njAELS o2 72| WAt
FAE Bujshs °, o] FFA 27} Yol (diva-
lent cations)& o] &4E2] B2 UA}(cofactor) 2
A Golt), FAH o2 w|FEAA LAE super-
oxide dismutase(SOD)+ B4 A4aZE 2 A4FS
Z3ale] A7 F& BRI B4, o A
7} Zg317) SlsiAE Mn*t 9} & 27} golo] B
FH B2 AxEA ZAEE. a2y Nrampl
thile phagolysosome WHE-ZHE] Mn?* 9} 28 2
7} %ol e AAS S Fago] B AT E A
Zo A& =25 dozn AT AP F8F

38 33 =3 7] 242¢ phagolysosomeoi
AR T 8Pz 43e vlA phagolysosome
& N9 AFAE FEE A UGS E

Nrampl ©¥& A8 Ae] NRAMPI
ARt AL A7IR 8714 A=t HaHI Q)
oH 1 2ke) Adgre] 7 ojdll ME Ho] why
I A4 oEAde] g A digk QA 7SS
AdrE, 1997'd Shaw 5 ¥ 19983 Blackwell
Zhe valde 71 Fdg oz P37 g
$A8E J8t Ao, NRAMPI §3x7}+ 29
9] ¥o) 93e F= FH TR FAAE ofd AL
2 Bu3lg3, 1998 Huang 52% A 2dHF
3 8AWY  Mycobacterium avium-intracel-
lularedl 1% o FA#A NRAMPI 32 t3
A3} o] Foll 23t 7EZF LAl JdHAol glrke
FAsiger. ey MotZelgt 9o H23 AL
S doez AR 29 dFdAE, FHA4
(promotor) #£1¢] (CA), microsatellite ¥HE2]
4 W35 (CA),}, 41 JEZ9 G/C X3 (469+
14G/C, INT4), 5431 31F2] aspartic acidjA]
asparagine©.29] Wo|(D543N), 3’ H|aFAY

i/
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(untranslated region)e] TGTG A&(1729+
55deld, 3UTR) T¢] tdAlEo] A gzl 1]
slo] 28 @AlrolA o] A e WEE Jeld
& BEFHoEM, o fHA TBAH A
ARA ZeAdne] 438 4 dAE B vk 9l
o}, o}&7}A} NRAMPI §3x tjgAd=s 29 @
W] QAR 43 BAle HEA] ¥ o] 22
AaelA AYe 3 AE Sy,
NRAMPI #32 ti¥dn 2se] uhizie] BAIE
IEshE A A W tigk MW oy 1A
& d7ehe dl oA 9ulr) & Ao ' AlsEHh
E 7ol INT4¢ 3UTR $-9)9] tgAde A
74140 wjste] A For FAlolA] FofsiA &3t
on T3 A HolFol sy INT4 Ree %
F 9 oy HYA WHolF & sl ¥old Fog 3
o WS W= FUE AAE AU (p<0.01).
D543N tg4de Ad fode Azt 294
FUE SAdA WHolde] o Be A3 e
o} of¥Y FAAE olg 2 FY HEA Holy
AR vlwdl wx¥](odds ratio)= INT49}
JUTRY e, 294 99 8x7} dolde #
ANHY gl A7 dzgol ul&l EAF oz fo
s =4 JElton), D543Ne] 79+ EAlFog
Frol3kA) efgkrh. &gk INT4¢} 3'UTR &34 oy
de) Aj ¥ Ao oJsid, 28 e &)
o] ¥ JHA] f3A tiAe] ey faxEe 1§
@ 8ol FANCE frosidl &sith. 28Fo=
o] d7olA INT42} 3'UTR #-9)¢o) NRAMPI %
Azl thgAol e e, Fxe) HYs AAF&
A AV agFo vhEstx] REo e, HAad
violl 28 Wydo] A4, o] Wo] fgEe] 59
7 W2 Fego] Aste] 28 e gk Ay
#el whgo] dojup A FEigdo] xAEHE AL
Az =, D543N tigde] A9 1 vixe} Fdy
o] BANL BATHcRE #9814 Qs =%
B 394 D543N # 3'UTR ¥-9= T8 HEH)
Wolgol 3 ¥ BEEA gska INT4 E9dMx

294 Fog AT 2HoR agule] #EH
o] T3 M3 WolYo] A Lol mA FFHe|
pME 2 Ay & 4 giok. g WA Ae- 2
AF WA U F2A Nrampl "7} $4olga
g2iA YAL, Bellamy 552 ztolAE 28 7
44 el ¥4 (susceptible allele)o] $Ado R, o]
g AEA HolYoME el FEP o U
il Baste, £ A7e) oly H3A ol Wi
& 2% 9o e disle Ao & Fele o
& Ao2 ARdr.

o] A7 =7} A #a] Aol ol 43 7
A3k U7 EARL, o AR Ao s =vt
 SuelelA A, Ao AHFH Aol
NRAMPI 53z t8A4e] ulxle d] g 3
WA @rolnt. ey £ dTe] Agdoeze it
a2t @ dzge] £t o] NRAMPI §Ax€]
3 As Aol A5 #EAE FE3] ngshr|o
= vt aela dixge] AAel ol FH
ol 2590 E Ao FAHY AT ARES Y
o g g, o] fAHx} AT} A diE A
o] #AE 1B £+ Yoy, st FY AT
ol NRAMPI 34 d8Ae] Hng ZAlEL,
ol& olv] HuH Yl ofrlojlofA{e] RIEe} H]
i, A5l o oulg galAe Zsldth 3 d
AtAl BRI 8714 Ao Y F, B3] F43}
ok ged @A} AR B4 (transcription start
site) B} 5 x|do)] 9xdh= 2t H9l9] GT
microsatellite THEA) % S-& A o]3t 3717 thgAdut
& DFste], ArAQ NRAMPI #34 849
FFE ndsA] 2

oldl FF Ao digk HHF ol slHz
NRAMPI $32 tj84e] gAd ag a7, ¢
AHog feyet 34 QTN NRAMPI #34
A We g 2¥d g3 A7 E 7ute g, ¢
Be o) 2y A¥AE ddoz sk AAAA #
Az A 28 byve] A4S FH] 948
AT 2 o Yot iR 71E e 3% f4%
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A 477t 49 Aoz Asdr
2 %

AeRA -

Nrampl ©@¥-& NRAMPI §3A 2l A
g, o] f-Axte] thEAdL Al it 59 A
A YA a7t 8 dAfdAs g 2ol
olgh Zalg Futy fRloflA] NRAMPI %4z ot
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