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Refolding of Acid-Unfolded Globin to Hemoglobin
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Hemoglobin is oxygen carrier protein within erythrocyte in blood. Apoprotein of this, globin, is synthesized in the

cytosol but it's cofactor, heme, is synthesized in the mitochondria. It has not been known very well how globin receives
the heme from mitochondria and folds to hemoglobin. In this folding process, the initial structure of globin seems to be
very important. A small volume of globin at acid pH was added rapidly into the bulk of an egg phosphatidylcholine
60% liposome, containing hemins, at neutral pH according to the Rapid Dilution method. It was observed that an
acid-induced unfolding structure of globin is initially needed to receive hemins from the lipid bilayer of liposomes. Also,
th1s conclusxon was confirmed with the absorption spectrum of the refolded globin separated by centrifugation.
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°] 101 hemoglobm 2709] a chaind} 2702] B chain®Z F
25 ol AL glom ZA7te] chainell A4 sht
G 91 heme©] B]E+ A§E O] Ut} (Gelin and Karplus, 1977;
Craescu et al., 1990). V4% # &8 1ol 4 globin (hemoglobin®]|
Al heme®] A|AE v @R F 93 FHEAA of
dimer?} Feliz UG Ho EANTAT, hemes HIEI= o}
o] thutel] $1x]3t ferrochelatase®l] 23l protoporphyrin IX o}
off o] A FAF|o] HERZg|o} uh FExgl
t} (Schwartz et al., 1959; Nathan et al., 1961; Grayzel et al.,
1966; Hunt et al., 1972; Fuhr and Gengozian, 1973; Ponka et al.,
1973; Granick and Beale, 1978; Taketani and Tokunaga, 1982).
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FollLi 18131, hemoglobin tetramer assembly A 174 2]
ojul o)A hemeo] globin® 2 4F)Ei=X]o] thgk =44
& 1324 of2) ored x4 FUTH (Gibson and Antonini, 1963;
Leutzinger and Beychok, 1981; Bunn, 1987). ZZ2{t}, globin ©)
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A F 7R 71%ke) AIQTHEATE A HA7E globino] FAAEE
=3+ 74l heme©] globin FL.ZE AZH T cotranslational
folding mechanism®] . Komar 52 R Fol| H-2twlo] A
Zoll & globin AREO] hemeO] At Warskgdh
1993). 7 ¥ Komar 5+ [*Hlhemin®} [*S]
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(Komar et al.,
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2 TAE globin AF&o] 2ojok hemeo] AEet 4 Qlrhil
B 38}t (Komar et al., 1997),
A globine] B gdElelxl Fof pEZEeole]

Al A=A heme©] globin® 2 o] F %] AgsHi= post-
translational folding mechanism®] T} (Javaherian and Beychok,
1968; Morris and Liang, 1968; Leutzinger and Beychok, 1981;
Jennings and McDonald, 2002). Smith$} Morgan< A 2l 4ol A
heme-binding protein 2. 22| heme ©]&<) T¥z A7) I
&5}‘3}1 AT} (Smith and Morgan, 1981). 2HHAS, Rose

< heming F¥.E33 & 2 EF] heme-binding protein
J—]- s gl ok waEe] B& glolk hemind
FZoA gl R wEA olFd Wyl ope} wha w A}
ol& it WE HE2 ol5d okl BaskIth (Rose
et al., 1985). E3h Cannon & SH3IE wiz JEF &
ABH= hemino] FH3HE Wi e FYEFNAM B} oF 5
W A w2 deEde olFftta B39l (Cannon
et al., 1984).
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Kim, 1991; Lee and Kim, 1992). ©]2{3} A3}E-2 hemoglobin
2] post-translational folding 3} °] pH W3le] aA &g
Rolgke ZAE& gAlgth ol uet B A4S hemins
33t ElEF globin AFo]9] A AE-E F3F hemin®] ©l
o] pHO| WhE W3} oA g A JYPHEAE BAs)
pei=d

Hemin &8 Z|ZZ3} Acid—unfolded GlobinQ| A4&xr2

udE HET Ujol A globinC E o] FFHE heme U|E
ZedolollA AH PEE=go} oubs Fa dojx =
2, B A A HEFTS vEE=ole] v Q14
A z/do] FAHglo} gt v EZ=go} 9ute QI 24
2 dukA 0 & phosphatidylcholine (PC) 49~59%, phosphati-
dylethanolamine (PE) 20~31%% 745} o1} (Levy and
Sauner, 1967; Stoffel and Schiefer, 1968), ¥ 23| += 60%
o] pce}t YmlA] 50| PER TA¥ egg PC 60% (Sigma,
St. Louis, MO, USA)E AH&-siGith B3 @ X% ol hemin
< Z8A717] 9% hemin £ heming 0.01 M NaOHo|
Bafste] Azl on, ojuf A% hemin §A2 v A¥F
ekt A FA A zske] AT

Egg PC 60%<} 333222 1-hexadecanoyl-2-(1-pyrenehe-
xanoyl)-sn-glycero-3-phosphocholine (B-py-Cs-HPC, Molecular
Probes, Eugene, OR, USA)S 100/1 (wiw)E Z§3}+o] pH 79l
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Fig. 1. Kinetics of hemin transfer from the lipid bilayer of lipo-
some to globin. Various amounts of globin (a, 35 pg; b, 70 ug; c,
350 pg; d, 700 pg at pH 3) were added to the liposome (arrow B)
after the addition of hemin (arrow A).

A AZEE FEF (015 mgmL) 2 mLol 05 pge] heming
Aua] d71sk F, spectrofluorometer (Kontron, SEM 25)5 A}
|31 37°CollA ARt WM &g A|7)9] HalE 3023 &
238}l c). o] w] AL8-3 excitation wavelength™= 343 nm©] L,
emission wavelength= 377 nm$ith 1 Z3} Fig o4 e
ute} Zko] Bpy-Co-HPCO ¥4 A717F §243] A3t
ol#g A= S EZ 9% H7ME hemino] B EF) ¢
AAg YRZ e 22 Y350 fpy-C-HPCY 33
M 717} fluorescence energy transfer 48 Z3f A7)
izol vepbE @402, hemine] X A9} UjF-o] 24
FHOE ufg- w2 A o]FHTHE Cannon 59 A} IA|
3= Zlo|th (Cannon et al,, 1984).

theo R o137 heming $Hrd EF (pH 7)ol pH 39
globin (35, 70, 350, 700 pg)S 2z} 40-fold dilution o 2 AHut
2] #7}8le] globin®] hemoglobin® 2 refolding® = 3 &
WISt 1 A9, Fg 1914 2 ulel o] pH 30149
globin®] pH 7914 9] hemin ¥ 2EF H/1E 2 8%
o A717F 743] Skt ol8E ¥ A7) Sk
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elB 2 H7 e globin®] F=7F S71g ] whet B-py-Ce
HPC®| @F AI717} S7H= b7t Zsdjol] =2siqltt o]
213k At g EtAe] =8 glolT pHE whE W3}
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59 % 98¢ oJrlve

020 J

0151

Absorbance
o
—-—
=)
1

o
i

0.00
250 300 350 400 450 500 550

Wavelength (nm)

Fig. 2. UV-visible absorbance spectrum of refolded globin (—)
and globin alone (---). The refolded globin was obtained from the
supernatant after centrifugation of the mixture of hemin-containing
liposome at pH 7 and globin at pH 3.
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Hemin2 & 5%t Refolded Globin® UV-visible

Absorbance Spectrum

Hemin®] | EFA A globin® 2 o] FHUSS 1517
13t refolded globin®] UV-visible absorbance spectrume U}
=7 Z& o= ARSI pH 7oA egg PC 60%E A
%% 2 ¥XF (134 mg/mL)oll hemin €4 (2.5 pg/mL)S H7}
& F} pH 32} globin 8% (300 pg/mL)E 40-fold dilution
O 2 F7Fsta, 37Tl 1A% B¢ S83] 9he-E AATh
T Fofl YAIEF7] Hanil, Micro 17R+)Z ©]-83}9] 17,000
rpmel| A 204 F<F YAwE s 45 4S 3T Globin
2.2 o]5H hemin9 Soret bandS F<1&}7] 918}, o] A+
ZNe] UV-visible absorbance spectrum (250 nm~700 nm)<
UV-visible spectrophotometer (Perkin Elmer, LAMDAI16)S A}
83t A3

Heming 8 53}7] A9 globin] A& hemin®] Soret band
7} 411 nmol A 2FsHA] B2 =E%) 21}, globin®] egg PC 60%
o] ZEFNA heming E 53 AE)AE hemin® Soret
band”} 411 nmoll A Z8kA] WERRTh (Fig. 2). 0213 Aabe
YEFTY AA AT L hemin©] globin®. 2 ©]F &}t
globin®] hemoglobin & & refolding F3S-2 KU} 1 43
ok Aotk E3, PEE heme protien?] foldingol ¥+
3= non-protein chaperone®] 7|58 71X AL QT K19
Wt (Bogdanov et al., 1996; Bogdanov and Dowhan, 1998; Bog-
danov and Dowhan, 1999; Debnath et al., 2003), egg PC 60%°1|
¥3¥ PET hemoglobin®] refolding #7304 9F4% hemo-
globin 25 AGEE ToE Aoz g}

4 E: Acid—unfolded Globin2l Refolding

pHoll WE globin®} )| EF Abo|o] Az atgof ek AT
Ao W=, pH 5 o}5ke] W& pHAA globind 1A AT}
F& 4328 310, phosphatidylserine (PS)o\} PEZ} &
¥ 7-20) globin B subunit®] N ko] & yho]sle] ot
FFE F=8 Ao=2 BusJc) (Hahn and Kim, 1991). %¥F
e, globina} 32} 37} F-A}eF myoglobin® apomyoglobin
o] ZxFae] Fzatdoel] tigt AT Axte] W2, myo-
globin pH 5 ©l3lellA] 2|2F 7} ZtA FZ 285 vt
pH 794 = & 28814 €31, apomyoglobine myoglobin
Brhs oFsHA|3E pH 5 ©l3jol|A] ®gk ofg} pH 7014 = 4
32AEshe A2 BuEth (Choi et al, 1992; Lee and Kim,
1992).

olelgt AHEF 2 Ay A5 FY acid-unfolded
globin®] hemoglobin®. 2 refolding® = HFA L AMH o=

Jo

f.oF8td t57 2t} pH 394 unfolding® ] 1 globin
°] pH 7% hemin 3-F BZF &Nel| 34 A7, unfol-
ding®®] A= globino] T EF] AYPSHA =1 o] uf =
& el &€ heming ¥E3HA HHUA B} ¢ folding®
TEE A 2 Zojth o]l oA & pHL 39
A 72 v A EHA heming EEF globine FEET ¢
o}d F3AHE-E 317 K1 hemoglobin®] HERZ o b
o7 Hojz] vpem, o] W gxF] EXsHs PEE EolA
U2 hemoglobin®] F&7F ¢HA% F2E o|REE A5
8 o=z ng,
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