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HBE  MAREEN HugZ LW 1B TEF R (Helicobacter pylori) R FHE F MLLLFE A AERIF N OSSR . HugZ 19 His245 5
BERK I 5 12T DRI &5, SRR O LG 2. e USRS N VA 1 HugZ A8 1A H245A. H249A FiI
H245A/H249A LA, IR SRR AIRIE Sk, Wi X G2 AR FIRRMRNT T 58787k H245A 5 M4 R E 50 2.558 9
RMRGE R . S5RIEITR Y, HugZ (¥) His249 5k IL00HEDK ML [ 5 4T 3 M8 IR 745 4, I AME T His245 e, X
P MRETE QAL AL B A AR R W R, Val238 s T I 1) FT R 4% AT Gly239 22 His249 B85 140 38 Bo i 456 1) oGk
JRIR, R EE RS T C ankEERE R, {F Val238 5 His249 2 (M I ZRERIHT S ol WEHEMIAH BAEF R AE M, IF 1
T8 2 .41 2 W7 M . HugZ B 1A 5004 35 45 4 B 6 S 36 0E W HugZ 2t C i LI E IR FEH R T HugZ Sl #1

ity WIREREN], &2 NHEARIIERNE C i /A M T I 205 A A i HugZ 455 MMM 20 3.
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I 4T 3 A S Bl e o R T L sh b, e
I 2T Z 5 AL B AR, A e IH &% 25 (biliverdin) IX
TR A, b, B R AR IE K
BT AR AL HO-1. HO-1 2 K4 o
W e B AR 445 A4 1 B 1T, 38 e T i (proximal) A 16
Uiy (distal) 5 A o BRI AL 1) 255 HAR 5 Il 40 3= A
M. b, BORIPE TS o B25E F 24 2R ik
BE(His25) B 5 M 2L h DRI FRCAL 45 e
IFi) 32 Sy PR A 11 48— A2 4 1 HO-1 118 i 2,
HO-1 [ His25 €42 ¥ DL e B5 2L [ 1 19 W AR
& (Corynebacterium diphtheriae) M. 21 %5 %8, 5 i
HmuO 1] His20 578 7 AL 5 g 1 21 22 1) D' 0 S 46
WIR, AR B R 25 | S L 21 2 A8 A B TS R
(PR 2R, AT LIE L I A IS PR DK St P S 3K
ARRIIE PERS. R, HO-1 (¥ His25 ZREEHA N
FEIX ML LLF A B A A OB AR Bk

WA 12 T5E T PR (Helicobacter pylori) ]9 55 2% [G
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DA A M 2T 25 20 i AR . AR ON T #% HugZ
(IR AL AT 2 )
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His249 #Mz% His245 MBEE R IS, FELDk k2
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1.1 HugZ RTIRBIHE

HugZ J5UaR 3L DA 5 — 4 B K 2240 4 B S %51
4. {F 545 pET22b-HugZ-noHistag 5t ki I, fff
FHE AN 1438 1 QuikChange™ [ 5 1L 19 5145 5 4
AR H245A. H249A FIXUAL 1 5 48 4 H245A/
H249A(FK 1), FITaRAS S A4 7 51 1) ook 2 I
Yo fa R AR, SARMTOR BT KR 16 2 1
A A AR 2l b as, 50 R A A b ey
T SRS EAFAE X ).

Table 1 Primers used to construct the mutant plasmids

Mutant plasmid Primer Primer sequence
pET22b-H245A-notag H245A-F GGGATAAAGGCAACCCGGCGAATTTCGCTCACAAGAAAT
H245A-R ATTTCTTGTGAGCGAAATTCGCCGGGTTGCCTTTATCCC
pET22b-H249A-notag H249A-F CAACCCGCACAATTTCGCTGCGAAGAAATAAC
H249A-R GTTATTTCTTCGCAGCGAAATTGTGCGGGTTG

H245A/H249A-F
H245A/H249A-R

pET22b-H245A/H249A-notag

CAACCCGGCGAATTTCGCTGCGAAGAAATAAC
GTTATTTCTTCGCAGCGAAATTCGCCGGGTTG

1.2 EARGKEERENE

IR ) HugZ 9848 4k 3Rk T K W AT B
(Escherichia coli)BL21(DE3) B Ak H. 295 K L% 155
FRIEMALEE L3 AE ] NTA-Ni £ (Novagen 2
DAk (HugZ (1 PR AT AT I 21 2R TR L
A 5 NTA-Ni H4f 5 454), JFLL 100 mmol/L K M
Vel AR AR ER 2R . R A L& Hitrap-Desalting
FE(GE Healthcare 23 ) [t £ Fl Hitrap-Q BH &5 122 #t
FE(GE Healthcare 23 w))HF—D4li4b 5 F A 255 41
Mg . FT A K H245A S8R 4ARE L ) J2
IR A A A T S AT AL 1 2 L
B4, JEIAN 10 mmol/L 1118 & ALANAE Jy S v 3]
FUPTHRAFI H245A- AL EE AWM. ST
2t Superdex200 16/60 #1:(GE Healthcare /A ) 2{i {1t
M EBREAREGWNA RS, HTRAEEER.

FH 20 /L H245A- Ifil 21 & 5 & W) FF 3l o s
W9 4E 0.1 mol/L pH 6.5 Bis-Tris 2% MW, 20%
PEGMME 5000 A 3T R, 10% AN 8 s sl 1
289 K 45 fF FAK 3 R, RAFATH I R it 1.

1.3 BB E S &R

i R IR R AE AT S s W B A v L B2 Bt A 4
YT 5Y T FR-E VariMax X 5126 A1 5 B W 4 &
Zi(Rigaku 2 0)) FRHT. AW MAKFE & A B
(paraffin A ") PR LRYT, T 93 KIREEHEL N, R
£ 180 I imiffi, DAL AR IE B s ek

R 5 204 2 Tmosflm A1 CCP4UY R {4 (4 b 2
A HugZ %7 78 45 ) (PDB ID 3GAS) 4 1 & i
RUE I CCP4 1) Phaser™ SRIFWIUAHIAL.  HI4f R
7 ] Phenix "4 44 H1 1) refine #2715 1E, HAE
Coot i (457 AF BV R A 4 5k AR L 7% BT 2 gk AT
BRILSAR RIS N ML 250 PR, HE—2D4E Phenix
L5 Coot H1 R SLEARNE IE S5 e 3R 45 MR,
14 MBEEHNE

¥ 1.2 " J7¥2: Hitrap-Q 2l4L )5 [ 58745 48 H245A.
H249A. H245A/H249A [FA 45 4 L2402 8 (1 FE i
TEEARFN 1 ml 4K &R F 4 3 B 3 wmol/L )
JEH 0. 05, 1. 2. 4. 6. 8. 10. 12, 14, 16.
20, 22, 24, 28. 30 wmol/L (Il 4 EK &, T
208 K W & 2 h Jo il s& 410 nm &b () W% O B {i
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(Hitachi U-2010). A ISR 5T R0 R BE 1L 21 3%
FE G AE oo I sk 49 1 Hodls F B e,
GraphPad Prism 5(GraphPad Software Inc.)%k 14+ [f]
One site(Total and nonspecific binding) 4% & #h 2k 217
AU THE R B A K

2 ZR5E

2.1 His249 5MAIEHKMEMLES

H245A- M4 %= 2 &) s T C2 2l #f,
SRR 2.55A(K 2). BB ABIEMN R 5 R
723 5 R 20% 55 25%. H245A S AR AN FR B A
A 6 > H245A H4k 7y 1, 5B AR HugZ 145
Fy—F¢, H245A HHE 73 TR split-barrel 75 4
BRI AR RE AL, A EERIBR T MK A

Table 2 Crystallographic data of H245A-heme complex

H245A
A. Data collection
Space group C2
X-ray source Rigaku RF-E/Raxis IV++, IBP
Wavelongth/A 1.5418

a=150.620A 5=86.940A ¢=131.660A
a=y=90° B=110.94°

Unit cell parameters

Resolution range/A 70.34~2.55
Last shell/A 2.69~2.55
Observed reflections 181778(18111)
Unique reflections 50053(6087)
Redendancy 3.6(3.0)
Completeness/% 99.6(81.5)
Mean [/ o (1) 10.0(2.3)
Rsym/%" 10.8(45.3)
Matthews/(A%*Da™) 2.4
Solvent content/% 48.7
Asymmetric Unit Content 6 molecules
Wilson B/A2 27.66

B. Structure refinement
Resolution range/A 35.49~2.55
R 0.203
R 0.254
Ramachandran statistics/%”
Most favored regions 93.1
Additionally allowed regions 6.3
Generously allowed regions 0.1
Disallowed regions 0.4

DRsym=32,(|[I;(hkl)—<I (hk1)> |/Z2J;(hkl). ?Re calculated using
10% of total reflections omitted from refinement. YRamachandran
statistics calculated using PROCHECK!™.,

FEAH[FE(RMSD=0.486A), IML41 &5 T 1E A 4E#)
s TAR R A7 B, His245 4% 1 B2k e 5 1
HugZ 251 22520 1a).

X HE T E IR C S, H245A C i Ik BEE )
UG T Val238.  fE B A A AL T BRI
His249 VL 5 % 4= #Y His245 %= A M [F 1) )7 84
H245A RIIMLZL 3 Bk ICAT 454, His249 5 Val238
Z AP ZEPE R ARG N T 4 A2 LR iR 5 DL N
L7 R R 5. X2 T Val238 (1§ Ik
P IARHTEFAE A R AR T 1210805 A1 Gly239 11
FHEAL H245A o078 1 IR BE IRk wA ) ol B iE 1R 32
M. ol WBHE LK GIn26 J& B A= 1 AR 1 ] s 2 vE R
Uiy (1) B R . H245A IREEE M) AR C
i 5 ol WBHEANFAER, GIn26 Mt &L T 151°
(% (K 16~ d).

TES AL AR A, 5 AT RZ AR
BRAESHR AR R, Wl TR R I af £
FAAN HugZ 5 HO-1 KA (1) 20 2 54 7 g AR
TESE R EANFIE, (R T LA Z IR S
I 4T I AL 455 17 3. H245A 58784k &y
His249 #Mz2 His245 (10055 Sl I 5 A6 BT A7 1L 41 3%
SO S5 R T B ORI, HugZ RERS HEATIX il
B A E TR PR e 5 i 21 R (e AR A TR
FAMEM C g b, HA AN o] AR AT 9 21 2 R R
JE, 1M HO-1 AL 41 R4 A Wi -5 i 20 22 2R AL A7
(1) 21 28 IR B S AR AL T WIME (1) o 88T b H A
— N IRR Y. X —g5 i — DU T HugZ
(1) C % Jo R 2 2Pk i, Ty HoE B T 4240
B0 HugZ M4 #8 AR E . 5
HugZ J7 41 [R1 U501 f5z v 140 25 T 25 10 R 1 21 35 4 5 g
Cjl1613cM AR [l FE & Z A A IR R AR’ 2),
HHIX S split-barrel 254 Il 2T 25 58 A B0 1) 1 FH 31X
Pl &A1 2 AN AL BR TR IE I Z2 1 C ity 45 K DR 5 A
MATREWEE, EBURERS S Ekes 1, HUE
KFIEH.

2.2 AEERFREX HugZ ML EESREHRIER

AR PRACAE T I AT SRR S R A B S N,
UAT 55 10 M sk I 20 22 5 I N TR 088 LA R 048 J
NI R, RSN R NAR R, 5 HugZ 45
B I R AT AN 45 4% HugZ AR B AR 09, 12
# 5 HugZ | 456 J5 18 410 nm 7243 A2 URRAIE
Soret W, R X P ARAE, BATTH TG I A4
N E W HugZ SAFRKRE MO R4 G5, T
410 nm [¥W G BEAE R AEZ 4 1F R A2 1) HugZ- I
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Fig. 1 Structural comparisons between HugZ and its H245A mutant
The mutant H245A dimer structure (pink) was superposed onto that of the wild-type HugZ (3GAS, green). (a) Functional homodimer of HugZ
containing two heme binding pockets, each constructed by two monomers, and no significant difference observed between the two structures except the

flexible C-termini. (b) C-terminal loop region of the mutant H245A adopts a different folding to that of the wild-type protein HugZ between residues
Gly239 and Lys251. (c¢) Imidazole group of His249 in the H245A mutant coordinates the heme iron, adopting a similar conformation to that of the
His245 from the wild-type HugZ. (d) Hydrogen-bond interactions are formed between Lys23 and GIn26 with the C-terminal loop residues Lys241,
Gly242, and Asn243 in the structure of wild-type HugZ, whereas in the H245A mutant, no interactions were observed between the a1 helix and the loop
region, and, consequently, the sidechain of GIn26 adopts a different rotamer.
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Fig. 2 Sequence alignment of HugZ and Cj1613c
Conservative residues colored in red with His245 and His249 marked by "A".
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Fig. 3 Visible absorption spectroscopy
of HugZ mutants at 410 nm

HugZ " A7 {E ML 41 % 5 His245 454, 85
His249 254G PR o] fe 5 2, (FEF AR 30 I fA 45 4
BRI 3R HugZ 454 S 4 & 7 08 i —
1, it GraphPad Prism 5 ZA4- #0065 it i AT 1475
SRAF R B i gl 5 B, TS E SRR, T AT
SEAR PR H245A/H249A TR fiff 25 05 BT B i S8 AR A4
H245A F1 H249A(F 3).

Table 3 Protein-heme dissociation constants

for HugZ mutants

Protein K,/(umol-L™) Fitting R Square

H245A 3.7+1.8 0.9857

H249A 2.9+1.0 0.9858
H245A/H249A 15.4+2.9 0.9975

FH I 5 L £0 255 | A 1Y s e 5% A ) I
I DNA HARFEMER. Bk, w800 #i A
(R 2T 2% 2 7 R P 2T 35 45 R 1 T 2 Ar Bl
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RE 7, 7)) BRI R N L P PR 90 9 I 20 35 R B 17k
H249A 5 H245A HATAHIT AR 255 20, His249A
[(2.9+1.0) wmol/L]WEf% T H245A[(3.71.8) wmol/L],
Ui B His245 XJ Il 21 28 1F) 55 F0 ) i 5 T His249, 1
His245 JE M LT 2 W IR 45 G0 fi. HugZ B A Y1
K, A B SGiE  iE 0 AN RE RIS LU 1 45 2R
XA RE & T HugZ 4775 His245 Fl His249 ¥ 4NMd
PEAE R L. 2 22 5 His245 1EH B 457
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B 0 e K s JEE AT 0] 68 [ 1] 55 2 — AU 9 i 21 35 7
RrghA0, N5 RO F R E 2, 52m
T HugZ 5y A5 RUfif o 2 e

BT LLEANER, ST 24 R AR 1)
Fe C i Ay 5 AR R ARYE I, AR T4 Hugz
A ML E AR R ML A GBS . XM A
1T H 5 RIS ARG AR TR IE IR 2 i (4l K 2 |
HREANZ W

2 % x M
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A Novel Substitution of The Heme-binding Residue Histidine-245
by Histidine-249 in Heme Oxygenase HugZ"

SHEN Xi-Hui'?, HU Yong-Lin", WANG Da-Cheng"™"
(" National Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
? Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract
bacteria in human hosts and is required for the utilization of heme as the sole iron source. Residue His245, which is

The heme oxygenase HugZ from Helicobacter pylori plays essential roles in the colonization of the

highly conserved, coordinates the heme iron through its sidechain imidazole group. Surprisingly, this residue was
not required for the enzymatic activities of HugZ. To investigate the roles played by His245 in heme binding and
enzymatic mechanisms of HugZ, we have solved the crystal structure of HugZ mutant H245A at 2.55A resolution
and found that a nearby histidine residue, His249, coordinates the heme iron. This substitution is made possible by
the fact that both residues 245 and 249 are located in a flexible loop region ranged from Gly239 to the C-terminus.
Similar structural features have not been observed in other heme oxygenases so far. We have also performed
spectroscopic studies on the heme-binding properties of HugZ and relevant mutants and our results suggest that the
flexible C-terminal loop region of HugZ and the presence of multiple histidine residues in this region may play

important roles in heme recruiting and in the catalytic mechanisms of HugZ.
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