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WE: #EH HemAT BAR A LLIG— AT hir o)A RMRAE —RKEO K. AT EE Rt
FT R AR, R EIEREEREART o T~ RS HemAT A5 f L O, B4 e ML T, LA O,
ft kb5 HemAT & € /i 69 45 A4 BB P Trp A= Tyr 893830 K & TAb, ®sTE 838 F Tyr 49 IR 353 ok T Lk i+,
125 &t O, Bk 51 A28 Trp A= Tyr 4R TALR A Hh. O, f k5 HemAT & & i 4945 61813 G- $Bk %
A5 A, HRIREE T A B TR LR e 0, L4615 T AL BB B35 KA.
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WiR B (Bacillus subtilis) " HemAT (Heme-
based Aerotactic Transducer) &[5 A& #rilr KT
LS R RN ) S s = D O < L [P
ZAE (homodimer) AT, H PR FRARES H—
AL I, (sensor domain) 1 — M E 5 k3% fk
(signaling domain) 41j, A&IKBHRE S MLl
ZMERE OIS, LML R Y 5E5 51 0, 4
HGRCERMO, EARRS T4 E 0, 755
KA AE 2 IR IR O, 7 1 M5 5 1%
ILZE R AT B AU (regulatory protein), MM
PEHIHEER) (flagellar) Jig4% 77 W, HemAT £ [
JoT DA A R R AR AR IR B BT (oxygen sensor
protein ).

HemAT &5 H i — Rt B i, Bk
AN T — A JRE L2, SR A ZH S0
W S E=RE TPl R ERER eSSl a1 I [SE NN T
H AT A7 SGHE R 25 G T RS A% 41 HL
IONSEE S DA=B R T R A S Dl TN S (L A
M. b 2561 RR) 2 —/ MR E ATk
o T a5 A ) TR, Rl R s R R 2
Jeil (UVRR) ) W 88 1 B 45 M R A AR H A 300
7E 220~250 nm #ASHIEOCHOL F, BEAIR (Tyr)
AR (Trp) R IENBE K P 2h 5 B 0k 126 5 1 th
H45E, Tyr Al Trp ¥R FE N UVRR 154 AU BUEAT]
IGK / SRR IR, 17 HAE e eSS () T8 1S5

o Ji4h, TR O, WAL R I 2 5% L2
HemAT # F B BRI B S —20, Pk, A
%] UVRR, J@ 3 Tyr 1 Trp 3% 4 ) 748 40 SR 45
HemAT 1 JFT7E 5 S BCRE 45 4 Ja I AL I A B3
.
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1.1 HemAT ERRBIFES AN

S5 H Y HemAT £ 1 5t 1 K i A1 % BL21
(DE3) W31k 77 5 SCBReI (1) T vE ALl . 2l
b A B I Y (07K DNA, DAH R RERR, i
FAMEE %N (PCR) §7H HemAT 3K, X T
HemAT IR KL, F R E NSk
WA HE (30 wg/mL) [¥) TB (Terrific Broth) ;3%
FEWREFE B7C) 4h )5, A IPTG (sopropyl-B-
D-thiogalactopyranoside) 557, 7& 18°C T 4k 4
Ki g% 18 ho ARJGEFIH E0HL (7 000 r/min) W,
fiti JERLE—-80°C [FIUKAT Py EL2 A FH o

¥ bR WA 1 4 AN —80°C T ¥4 B UK A PN HX
o, N 4°C = NERRCEIR, ARG AAEN T
Mo, FIMANZE M A (50 mmol/L Tris-HCl+
15 mmol/L glycine+1 mol/L NaCl (pH 8.0)) FI|'R
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AN R T R 30 mine K AN AN AR N DK
G ER AR, T AU AR B 1 4 sk
ATWBREE o H5 B 75 RRAAE i () A7 9 EA 40 000 r/min K]
B0 S 0 4C 1 OHL N EEFT 30 min &
D8, ARG BTG EEBAE 4C =W H
0.47 w ML JER L 98 LUS M R4 7E 4°C =y
1T« L6 5 ML 14 2l 4k ML 28 (AKTAFPLC,
Amersham Biosciences K.K.) e ZZ M A X
Ni** HiTrap 244 (Amersham Biosciences Corp.)
HEATTE VL, ) Tris-HCl 2209 (pH 8.0) ¢
HemAT £ [ i Wi fff /£ Ni>* HiTrap 2 &4 L.
50 mmol/L Tris-HCI+100 mmol/L Bk &% rh pE4 -
¥ Ni** HiTrap G FE 5 # % HiTrap Q HP B 1AL
#:4% (Amersham Biosciences Corp.), 3£ FIPIk
P MEA WA, M 50 mmol/L Tris-HCl+
100 mmol/L NaCl (pH 8.0) £Z /¥ %} HiTrap Q
HP & T A8 ekt iG P V1T, SR 5 BE% NaCl K 1
LPERN, 44k i) HemAT & (4 5B A HiTrap Q
HP & F A HAT h Bk e ok

N TR, FATE SIS 1 HemAT &
FUH I pH 8.0 1A 44 pH 7.5, Wk B i 444
80 wmol/L. J5iAU N : K pH 8.0 [f] HemAT ¥
HNE 7O sk, FEANGE R pH 7.5 1
Tris-HCI 2211, AR5 A HemAT %1 4 1
it 5 OAEAE 4°C [ ESOLH LA 4 000 r/min 145 20
20 min, BRZEOH IS, FREAIG S pH 7.5
(1) Tris-HCl % P 4k 2L 850, AR IR, %
JA s 2] pH 7.5 1) HemAT %5, TN IE = 11
Tris-HCl ZZ 13 42 80 wmol/L ¥k (it fscid &
TR A2 ) HemAT 43 7l 214 188 kDa).

477 f HemAT £ 1 JUFI AL &I HemAT £ [
JEYIR A FIR FIRE 7153k A
1.2 F5 RS UVRR) ME

UVRR ¥l 5 5 48 76 SCHR[7] 70 A 8 E 4 I 4
We UV MR G 229 nm 3k [ 1 WA At 55
T #: (Coherent, Innova 300Fred). F Pellin-
Broca 1 56 7= AR 11 UGB S 3O o T, I
FAEBEE (RN RE AL Lo RS HOEBAE— N ie
(PR b, 2 PR A ot 2 FH A D B T LA
o 5Smm. =N S mm FEAAR. B RN
150 wl 2 (R, FEA— R L4 BLE 11
WOBHERE, FE AN SETRE i AL TBCE — B & A5

(R, D AR T B R B e, FE
(P REAE R S s A i dE Thie . LA bre
HUROEH UV B sElEE, EA DR
3600 #t /mm 4> EOGHE 126 cm B EAACHTT,
B RS 25 (ICCD, Princeton Instruments,
ICCD-1024MG-E/1) #M, A% 3% 4 11 5 HLFE 7 A
W, G MR A 7.8 em e NSEIRES FIEOG
% Hy 0.3 mW. 4 10 min 53— R B RE
DAGRAIEAE ftoBr . 49 21—/ R 86 ik B It s ol
T2 1 he S04 460 S RTRE S EA T IR I3
WiE, IF5 UVRR M Fr st 2647 thig, LA
FARAE UVRR W P B AT AR PR pOB U 0. a2k
P UVRR W /7 5 RSO s i A7 A2 4k, WG %
k. SEIG R, fE FIRSEIGAME T, WA
VIR R A . BT 200 hr 2l LOA Ok
=G LI 2 iR E I BRI T R U

2 HREUE

K1 TR B4 1 (full-length) T J ik
(sensor domain) A &% B HemAT & [ it 7F ¥ &
229 nm OGRS 211 UVRR DG, (D)4
4571 HemAT A JRE & O, 70 1 Ja i hr 8 okis;
(2)h O, 7 T Wi 538 J5U5 45 1 HemAT 4 )i 11
g OGHE: (3) ML B HemAT K (H R4 & O, ¢
TIGIPE 6 (4) I J5 5 A4 38 HemAT 2 1
BB 263 (5) A4 1 HemAT i &
O, 7 T e W hr 26k 5 08 5 J5 I B 2 il 2 22,
BI(1)-(2); (6) WAL HemAT & R 454 0, 2> 1
Ja b2 ek 5k R e i hr 2tz 2=, RI(3)-(4);
(N AR ZE, BI(5)-(6). 477 T HemAT FilAL Bk
HemAT T HAT @M, W ARIRE T 0 45
G O, 8 THPIRAS, SR R A @ L R
T RGN, MRS SR
150 wl B S TR RE vt 3 1 A e B L
MEA RS FECRRE S, SRS S 2 e =
(3% — PR BRAN VAR GZE — AR R st J& 7 2L
TR NI, IR 65 g/L), FREAE
ai s S ) P = AR R R A A 40 B R
i, B PR N BRI AR SRR R
it e ERAERE. B2 MRS
O, 731 I PRI SC 1 LA B 3 i i PRI B S
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Fig.1 The 229 nm excited UVRR spectra of oxy and deoxy full-length HemAT (1), (2) and their difference (5)=
(1)-(2); the spectra of oxy and deoxy HemAT sensor domain (3), (4) and their difference (6)=(3)-(4); (7)=(5)-(6)
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Fig.2 Absorption spectra of oxy (A) and deoxy (B) of
full-length HemAT. Sensor domain HemAT has the similar

absorption spectra

Kl 3 WA R HemAT $fdoRm B, Hohlik
BB HCR 1~175, Kb & 47 5 AN B ZIR Tyrl3.
Tyr49. Tyr70. Tyr133. Tyrl48 Fl — AN {1 & 1%
Trp132. fi T RIEEFIEHCh 198~432, Hh A%
M S R A (B 2R . JLARTRIEHL 176~197 Ay AL gtk

Sensor domain
(residues 1~175)

Signaling domain

0, (residues 198~432)

‘o

Linker region
(residues 176~197)

Heme

HemAT-Bs

Fig.3 Sketch of HemAT-Bs

S5 IR R &R 7y, o & — A
M2 Tyr184. Mk, FRifEAS>T HemAT 515 A
ke, 27— IR Tyr184.

fit & MR Tyrl3. Tyr49. Tyr70. Tyrl33.
Tyr148 {45 1% Trp132 7F HemAT 4% & s 45 44 v
(53 Aa s 4 Jirs o

Fig.4 Diagram of HemAT sensor domain. The protein is
drawn as ribbons and residues Tyrl3, Tyr49, Tyr70,
Tyr133, Tyrl48, His123, Trpl32, heme group and ligand

are represented as ball/stick models

229 nm [0k £ B o A2 IR Trp A 2 IR
Tyr REERHRS, P, B 1) rigar E 8k A
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—AMOE R Trpl32 F1 6 ANWS R Tyrl3. Tyrd9.
Tyr70. Tyr133. Tyrl48. Tyr184 #&3L, 23 5HILL W
FUY SRbRvE (0GR FN R 28 8 = A iy, HE R
B X I P B 8, W B 1 Tp 3% 717 40 1) Ay
1617 cm™ (W1 1 Y8a A&Zi%), 1554 cm™ (W3),
1460 cm ' (W5), 1358~1340 cm ' (W7 Trp
doublet), 1237 cm™ (W10), 1011 cm™ (W16),
876 cm™ (W17) 1758 cm~' (W18). Tyr i/
B k1617 cm ' (Y8a) , 1598 cm ™' (Y8b)
1203 cm™ (Y7a) , 1174 cm™ (Y9a) F1 851 cm™
(Y1) . ClO,~ (934 cm™) 4 W #6858 J¥ 2 B ¥
NaClO, 117, PLULAE A SR 2 bt 48
A5 ME—¥ Trp132,  Jir A4 231 (1) AL 8 (3) 1)
Trp Fr 2wy HAA AL s B A . 53— J7 i,
i AR IR RS Tyr184, T LIAL BIR(3) ) Tyr
TR AR T A 20 (DI Tyr w5 .

B W17 (876 ecm™), "ELAE A Trp W s 2R 1)
AL Ghrk, RUEEBPIE T R A
HEE, Trp [RAIR W3 BN 4 B R IR EE (Cp-Cy)
Sk BRI AN | x> [ U, B 1 w3
B UEAE R 1554 cm™, XERZ x> | F824 1020, 2%
i (5)AI(6)#BAE 758 cm™ (W8). 1011 cm™ (W16).
1358 em™ (W7). 1554 cm™ (W3) Fl 1617 cm™
(W1/Y8a) AbKI AW E, XKLL
T AL IR ) HemAT, 75 O, 4> T- B i 4 1t 1%
XN, Trp A Tyr Wiy s BEARukss . i o, 20
HY9a db o, HIT O, 4 PR F BT XA
BRI T /NG BRI S . WRZETE (7) 7] LA 28
W, S)RI6)2 2 LT EA L, RKITHR
4§ 0, 51424 7 HemAT H FIAL B35 1 (1) Trp
HI Tyr BRI PR AR L —FE . JREEH], -
B A T HemAT & fH A% 8 1008 1 % £ X
(176~197) 555 KiEWAIEE:, A5 5 KL
ST O, G ) Trp A1 Tyr 5% 19 FR AR AL JLT-A
PR R

Rl # B HemAT 8 (15 A — A Trp Bk
Trpl132, ‘EAL T IML R dr il 1 G- g NP, F
P UVRR,  IXANERIETT LRG0 5 il s 45
A I AR = R % AR . ASCH UVRR
g IR Trp132 MG £E HemAT 4t T O, SR 4R
A REEARSS . FRATTHIE, Trp W76 Trp MUHEK)
IEEER KRN / B S A IR N U, WA
RAEANL, W R A R A AR A, T
KPR AR, T B0 R A K . T AE O,

RADR A BEFR G N (876 cm™) G4 B XA
W5, Frid Trpl32 5 BHEEE R E0K 2 1 2 6 (A
MR E A, H Trpl32 1758 AE R4 O, 1T
BLURARGS, FW Trpl32 MRS kKA T2k, T
W7 [ XU 58 FE LG AR T1360/11340 J2 i & — A Trp
B EIABE SR K M IR O, 3l kA AT DASK H e
FEAE/N T 1 Aok, BRI T 1 Ak o—
JTT, AR AR 2% P AR 1A 788 Ao 15 0 Ak P ) B s Sk /
B TE AR S, A LRI/, D)5 K P 38 i
KPS, WS IEIRES . BiAK PR 5. A
B 1R 22 (S)F(6) nl LA i, 11358 1158 2 [A]
O, 1M % 59, 11340 JLF A& . Kk, HAHE
11358/11340 X O, vk HIUL AT LS 2] Trp132
(1) BB PR S it K MR 55, SRk PR o . FATTAE RS
Tyr133 YESEAB LI I R I T G- 8 g T Tyr133
JEl R PRI R R 4B LS O, T AR A3 58K PE IS 5, /K
PEURSS o A B RS R R, ARG BT R
B, G- BRE R AE T B, X5 AT
UVRR K HLE—3, B4 7 HemAT (1) G- 12
JiEH Trp132 A Tyr133 FHEX L, @ FaEEmT
MATZFRTCEE O, AR A, SRAKVERG o, G K ok
59, G- BRI # J7 XICHERHE 5 1AL 77 Uk
HEEMEM.

453 T FIAL 83 HemAT 78 W46 O, I B A5 AH
[F][¥) Trp A Tyr UVRR 588 A8, xsegh AR,
155 R ILIKT Trp A1 Tyr KA (R ZE O, P2 2E 1
INEEARBAT MW . 425> HemAT L AR BN %
—/ Tyr184 (Fr FHRILEL 176~197 2 [A] [ A4 Ik 45k,
5G9 REIER /), O, 51K Trp F
Tyr UVRR 042 55 1 FIAL I8 HemAT 11 5
FAR FIEMIFI, X UL O, X Tyr184 [HFAEEA ™
A SRR IR S AR AT LIS AN T o IXAN 2 R E
N B AT, KOG IEL, AR IR O, =421
P G AR AT W, 122 008 ok 3 8 IX el T TR B A 5 R0k
5o DIRAIHERR, O, 512 1AL I I 1 % A2 4K,
ST I AR B 545 5 RS ) () R B R A%
WERAF 5 RIE

i

3 4

R P ) HemAT 25 1 (1 10 40 25 76 S5
50, g5, RAEAR IS Trp A1 Tyr 114
IR A AR, Trpl132 F1 Tyr133 194 A48 45 |1
HaRSK M, ENIEN G- e kAN, 5
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5 RIEIIN) Tyr R Trp (4 J8 A BE R O, 7= A= 1148
A=A, Oy S IEHE X I ¥ Tyr184 [H 45
JIT = R S ] BNE AN T, AL B A S Rk el
T O, $ A AR 1455 77 2 AT el Jok g 1) () 5
Rl LA, R B A A A K
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CONFORMATIONAL CHANGES OF HemAT PROTEIN FROM
Bacillus subtilis UPON O, BINDING STUDIED BY UVRR

GU Yu-zong!, ZHANG Fang',

HUANGPU Yu?,

Wang Chao!, MAO Yan-li'

(1. Institute of Microsystem Physics, Henan University, Kaifeng 475001, Henan, China; 2. Shangqiu Vocational and
Technical College, Shangqiu 476000, Henan, China)

Abstract:

HemAT protein from Bacillus subtilis

is a newly discovered heme-based aerotactic
Full-length and truncated sensor domain HemAT samples for experiment were

expressed and purified. Their conformational changes upon O, ligand binding have been studied by

ultraviolet resonance Raman spectroscopy. It is found that O, binding to the heme of HemAT changes

the environment of the Trp and Tyr in the sensor domain but hardly changes the environment of the Tyr

in the linker region between the sensor domain and the signaling domain.

In addition, the signaling

domain does not affect the Trp and Tyr residues environments upon O, binding. G-helix experiences

displacement in going from unliganded to O, ligand form. It is suggested that the conformational changes

that occur in the sensor domain upon O, binding be propagated to the signaling domain through

interactions between sensor and signaling domains.
Key Words: Bacillus subtilis; HemAT; Protein; UVRR
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