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MILTE 1 ( Cytoglobin, Cygb) f& Burmester 25 F- 2002 4FE7E/NEL . AFIBE D £ rb % PR EF DU AP ER
FE. ANWAELLE A 190 MEIEFRALN, SNIZLE A 30% 1)F40 [R5, F N-R g fil C-oRKimdR
FUILEL AR 35 2R A A A BT S . (B AN £0 A 1 BAT B R AR R B P HI R AIE , an G B it
MiR5kH Phe (CD1) , His(E7) Ml His(F8). SaiAZE MM & R, & HA MAIBRE A S50, SMa
ZIER 1 (Ngb) AHL, R — A NEAZSH M ML 28 . SRR ORI 2, dIiLT 2R (9 i
LR WA — BRI AR M 3 BT 25 1, B 5 SRR % I P B 4 A — SRR iR 100« T 14 i 0 7 %
B RA R L E RS A LU A ik, ST ERNEYIiRe Baih AiE. AR
B, AL T e B SRR AR APE T, B A AR . — AL AT | AR YA 22 OR3P A5 2D
fE. LAk, BT AR S R IE A

HHT, AL AT 2 B2 0G0, (BX HEA AL 2 A ) 2a Ve B (W BIF 98 I i e AN 0 | i L H:
BRW A2 E DI Re ARG, 72O A I SCRR >0 s v, AL AR A LT AR DA IR AT X
FIRRRNN, o BT ORI AR AN R EA S, UM IES RN E A T aeS LT
PEIE R IR LA B0 8 PR PR BRI RE A R TR A S & T DRI P8 3k ) 4 i 212 1
(Scygb) A AELEAATE IR AL 1 (Teygb) , X ELAFSE 13X B AP 28 A4 26 11 A9 — L RE AR T
Hitt— 2 RGO A AR Y A PR R A T R

1 SEISERSY

1.1 {F5EE

WA N & HFEF ) pET3a JEk i % E Johannes Gutenberg University of Mainz K 2% Frank
Gerlach Z#ZHMY. E. coli BL21(DE3) plys NASSEH % /A7, BRI F B AL A 1 PR ( Oxoid Lid.
England) , SPE-B-D-GACEFE T (IPTG, Sigma) , %%k B (Sigma) , SALIMELLZE (MP Biomedicals
LLC, Germany) , FEF 0 [ =43 #r alisk A AL 7).

AKTA Purifier 100 P & [ 4l {k 22 45 ( Amersham Biosciences, Sweden) , Q-Star XL H 8§ 25 Ji 3% %
(ABI), Jasco J-810 [ (i ( HASI LA F]) , HP8453 HYLLHh- 1] WL M 43 Y B ( 56 [ 2
WeINE]) |, LSS5 BN eI EE 3+ ( Perkin Elmer, USA) |, Hitachi CR22G T 7R B OHL( B A H S22
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Al), DYY-S fa i eIk A (ALt iliZs—{4ER) ).
1.2 @MIEAMERRIE

WA N ANILT B LN pET3a R W M T W2F ik " Ak 2 E. coli BI21 (DE3) plys
H EFE N ERRMEARGRN LB BRI FI- TR, T & A2 R B TE . BRI R VK 42
FhF/INiE TB WARSEE 73, T 180 v/min, 310 K 8537 12 h J5, FARFEL 1% % A 55— K& TB )
IREEEFERE T F 180 r/min, 298 K §5FEE A, = 1.2, SRIGHIA IPTG ZELWE K 0. 04 mmol/L, i
S8 12 h, WHERR, 3 pH =7.5 19 50 mmol/L Tris-HCI PE¥%.
1.3 @IEAMNSBE4L

WU R 12 2R LR 17 T 40 2L A% 28 4P (50 mmol/L Tris-HCl, pH =7.5, 0.5 mol/L NaCl,
1 mmol/L EDTA, 5 mmol/L DTT, 1 mmol/L. PMSF) "1, #RJ5# i 2 5¢ 24, L 15000 r/min AY%%
BT 277 K T 0 30 min, FRIELLE FERARKATE ( FESA AR ENENER),
3 HIAb P

RELL D VW2 30% T 80% TRk s R UTTE , SRJG IR L Hiprep 16/10 Q FF B F ¢4kt | Hi-
load 16/60 Superdex 75 BERCiTIEH: . CM Sepharose Fast Flow FH 3244 f1 Hiload 16/60 Superdex 75
BRI URAE A T2, SRRk A &R A, Hd, BB 32 4 H 20 mmol/L Tris-HCI(pH =8.5) °F
5, 0 ~1 mol/L NaCl Z¢ - ATL A BE BRI ; BEMSTUEAE 0. 1 mol/L NaH, PO,-Na, HPO, (pH =
8.0) P ; B 72 #eAE M 20 mmol/L AP IR - AR 84 (pH =5.5) P-4, 1 0 ~1 mol/L NaCl 22 ik
PEATERPEREEE VR, K5 lifb a0 8 (I —UOK T NT, BT, T 253 K {~177.

JRATTTERE SCHR [ 6 ] J7 i AL BRI LAkt , AL A YRR (1% TritonX-100, 1 mmol/L EDTA, 50
mmol/L Tris-HCl, pH =7.5) 3t 4 WG VT A0 R AR VA f (6 mol/L RIR IR, 1% B-5i 4k 2.1, 50
mmol/L Tris-HCl, pH =7.5) . B.0 5, BUEwIMLARZIMAR FiERT, &4 ). HEOEREE
W, MKaE T Hiprep 16/10 Q FF BHE 2244 F1 Hiload16/60 Superdex 75 #EME T gEAH #1741k, 153
HLVKAE R . KAl A8 A —0OKFE s, BT, T 253 K R4+

SDS-PAGE BEEFLIKR I SCHR[ 11 ] 7746, HIKIEH 0. 25% 2% B iliseiE R-250 Jefh,.
1.4 @O EAMILEERE

FLIBE 25 T 1% ( ESI-MS) H & B4 AE ) B 2 o B 0 . 44 W b T 14 J 19 2 2 11 40 03 £ 1 100
mmol/1, NaH,PO,-Na, HPO, (pH =7. 0) &, BLil A% 0. 5 mmol/L AYEE.
1.4.1 UV-Vis B AEMNE  BGEREFET 100 mmol/L NaH,PO,-Na,HPO, (pH =7.0) & 0, &
FZMRER S wmol/L; 7RG E IV T I A V% Z AR R NS 254 A8 1.
1.4.2 KAEKBNE FEAWRENS wmol/L, WAL FHRAE T4 3128 10 nm 1S nm. 5%
SB[ 58 & ST h 340 nm, TG FIR 240 ~ 320 nm. W0 & 5 OGTE I L K R 280
nm, FHEEFEIR 300 ~400 nm.
1.4.3 BE-eriEllE HERSHN, AP (WEHR S L/min), 190 ~250 nm HFFHEHH 0. 1 cm
FEGHL, B FIVEIE A 1 wmol/L; 250 ~600 nm FAFEHF ] 1. 0 em FES M, FBEWEHN 5 wmol/L, I
ZH. FEHEZR 100 nm/min, 73FR 0.2 nm, AR 0. 25 s, RS 3 K.
1.5 @RI EANRREN

BUE B T 100 mmol/L NaH, PO, -Na, HPO, (pH =7. 0) Zthik, i &M E N 5 wmol/L,
FEARTRIEE (298 ~368 K) NI UV-Vis I IKOGHE. i i 78 55— )2 4 W5 LB 7R3 s iR T 28k,
BN TP 15 min J5 0

2 HRS5WiL

2.1 AROEANERRESSEMEK
B N A2 LR pET3a ki AL 2 E. coli BI21 (DE3) plys i, § 0 B 8 R E 470
g, dERRIFIIEM. ML E LR 1 570 bp ZHRAA, il 190 R ILR.
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HMILTEE ITE E. coli BI21(DE3) plys Pk
AL RN RS N7 S b R SR NS
Z, YA, =0.8~1.0MiES, Al ES S5 o/L
(AR £T TR BRI, 2P T A rh i 2235 1) 0 i 4T 2R
PRI 2 Ay, > 1.0 IS, ATigEs] 7
go/L I SRER 00 A, P B A T 2235 1 Al i 21
E AN AR PR, 2ib)f5 15 3
XPMIERE A RE AN 21, W57 ¢ BHE
PRAT157 mghY Scygb F13 mg 1Y Ieygb.

1t SDS-PAGE BERSHLVK AT LA H, X AL
KA E AERA S T IR (I 1).
2.2 AR AMNILERIE
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Fig.1 SDS-PAGE pattern of purified Cygb

Lane 1: molecular weight markers; lane 2; Scygb; lane 3: Icygb.

FAL I 55 J30 13 Sk 78 Sceygb B> 114 21403. 8[ I 2 (A) ], Teygb FI4>FHEMH 21556. 8[ B 2(B) ],
WIEM 2 153.0, JLIFE H Scygb B/ FHE 6T THIS 12 (21404, 6) . X 2l T 76 I i A0 T AR Y
AR T B LB, AL E A TP Cys RN B B-5FE LW N, g5 H %
—ANEELZ IR | R > TN 153, 0, 3% 5 Hamdane 258 (OBFSE 45 5 —3
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Fig.2 Electrospray ionization mass spectra of 5 pmol/L Scygb(A) and Icygb(B)
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&l 3 HARMILLE FI7E 100 mmol/L NaH, PO, -Na, HPO, (pH =7. 0) & M i UV-Vis TISOGE. i
X LRI, Seygb Fl Leygb 19 B FIIR JE A A SO 6 — 3, (0 A 0 (R) 5 Ay, (O) AR L
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IR, Seygb 1 Aypg o (R) /4,16, (0) 4 1.39, 1 leygb 1 Ay o (R) /Ay (0) 4 1. 48, AALZSIH
MILLARITE 416 nm ALA SR AW , B0 T4 SR IR y WSy, 2 H - ZERNREAR AR e 3l Al
HLF I HLE BT (™ ) BYZERT™) | 500 ~600 nm 8] 50955 WML, 0 A AN AILT 2 (7 428, 531
1561 nm A7 WS | 43 51568 T4 IR INRAY 5, B T o WA | 30 S5 AR 23 1) UV -Vis BOBOERSH]
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Fig.3 UV-Vis spectra of Scygb(A) and Icygb(B)
& 4 AL & FAE 100 mmol/L NaH, PO,-Na, HPO, (pH =7.0) 2 M tF 19 2 Y 61, Scygb 1
Teygh PR 6T 5 ik (0 e R WSO i o7 B — A, TR 1S i B R K R 280 nm, & B3

oy
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Fig.4 Fluorescence excitation( A) and emission(B) spectra of 5 pmol/L Scygb(a) and Icygb(b)
BS540 21 25 (4 7E 100 mmol/L NaH, PO, -
Na, HPO, (pH =7. 0) Z& #f i H iz 58 A8 X (190 ~ 250
nm) (B — @G 1E AL &85 FTRUA Y, Seygb il
Ieygh FUTERYAIE] , 7 221 nm &b — %, 209 nm
W —JE I, #F 193 nm AbA — 1, KT o-
IEHESS . FH Jasco J-810 [B] a3 4 Ao 4% [t
A5 E] Seygb Ml Ieygb W -8R AH X & 1= 50 01 Ry )
64.4% H1 62.0%. 190 200
Pl 6 A MIZTHE H 72T 5 AM X (250 ~ 350 nm) Fig.5 CD spectra of 1 pmol/L Scygb(a)
AT LXK (350 ~ 600 nm) (IR — k3%, HEl 6 and Icygh(b)
AfLAE Y, Scygb Al Teygb AU JRASIILE 424 F1555 nm AbA 1B, EALASIITE 257 F1412 nm KA 1EI
1 285 nm Kb g, (15 leyghb #HLEG, Seygb MRS 425 nm Ab 2 —170E , (LA 453 nm 4b 2
P10 X ] e H X P AE U Y MLL 3R AR AN [F) B30 A PR BE A R BT, 20 3R 2R
AR BRI L5 W 8 R Z2 B0 o] VAR AR IR Y BRI, 4 DMRARIF- I 7 —ar " BRIZHEHR I Q 77
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Fig.6 CD spectra of 5 pmol/L Scygb(A) and Icygh(B)

2.3 OSSN RIEEMT

ANHILLZE 115 M L0 A, AR O b . Hamdane ®) S50 B — (30 IF 9 75 1 HL 7
IBLEE(T,) M 368 K. &7 i (A) FI(B) HAIMILLE FI4E 100 mmol/L NaH,PO,-Na, HPO, (pH =7. 0) 2% #f
W POASTRITRE R A 2R A0 - AT LIRS, &1 7(C) 2 416 nm AbWE R BEIR EE AR I —fkih 28, 8 xf
L, Seygb 7E 416 nm ALY RE BEA iR B2 Y THEDEEIREA, Teygb W BMTE 358 K ZHiA i EJt, R
PR AR TR P AREETRETE T, DB aifb i i r, EAMAS Cys FREE KK
A HE SRR I T ) VR O £ T I LR A PR A, Sl I 23R AN B AR IR i e
Tk, XSS IO | SOOI T A R SRR A R —E
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Fig.7 UV-Vis spectra of 5 pmol/L Scygb(A) and 5 pmol/L Icygb(B) in thermal denaturation process
and the normalized absorbance of Scygb(e) and Icygh(v) at 416 nm at different temperatures(C)

3 4

AT R RTIRIY X A U1 ) T AL SR 1, A i 09T Il
it SO~ ORI T HoR. SRR, SCPTRE SRS (1465 T RIS 117 A0 2%
5. LAMTVEHEID A 0 B8 11 BT TP IR, 10— A AL 38 1106 2
WA T (5.

Bt #E B Johannes Gutenberg University of Mainz X 5 Frank Gerlach #3% &0 m o4t & & A K.
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Expression, Purification and Spectral Characterization of
Recombinant Human Cytoglobin

TIAN Su-Yan', LI Lian-Zhi'* , LI Hai-Li' , XUE Ze-Chun', DU Wei-Hong’
(1. School of Chemistry and Chemical Engineering, Liaocheng University, Liaocheng 252059, China;
2. Department of Chemistry, Renmin University of China, Beijing 100872, China)

Abstract Cytoglobin( Cygh) is a recently discovered hemeprotein belonging to the globin superfamily toge-
ther with hemoglobin, myoglobin and neuroglobin. It is distributed in almost all human tissues. Human cyto-
globin is composed of 190 amino acid residues, displays a hexacoordination His-Fe-His in the absence of ex-
ternal ligands. In almost all the published literatures, Cygb was expressed in inclusion bodies and purified
from this form. Herein, we expressed and purified recombinant human Cygb in soluble form and in inclusion
bodies form, and comparely studied their spectral features and thermal stability. The soluble form protein was
purified by ammonium sulfate precipitation, Hiprep 16/10 Q FF anion exchange column, Hiload 16/60 super-
dex 75 size exclusion chromatography and CM Sepharose Fast Flow cation exchange column. The inclusion
bodies form protein was purified by dissolving in 6 mol/L guanidinium chloride, renatured with haemin solu-
tion and chromatography. ESI-MS results indicate that the molecular weight of the two forms of Cygb is diffe-
rence with 153. 0. The UV-Vis absorption spectra, fluorescence spectra and circular dichroism spectra show
that the heme conformations in the two form cytoglobin proteins are different, and there exists difference be-
tween the two forms in their thermal stability.

Keywords Cytoglobin; Separation and purification; Spectral characterization; Stability
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