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ABSTRACT

Microbial rhodopsins are typical membrane proteins with seven transmembrane alpha-helices
(helices A-G). This type of protein has a retinal molecule as the chromophore. The microbial
rhodopsins use the retinal chromophore attached at a conserved lysine residue to absorb photons for
light-energy conversion and light-signal transduction. The molecular mechanisms of microbial
rhodopsins have been discussed at the individual amino acid level. In this study, we have prepared
amino acid replaced mutants for sensory rhodopsin 1l from Halobacterium salinarum (HsSRII), and
archaerhodopsin discovered by our group from salt lake in Inner Mongolia of China (HeAR). Their
photochemical properties were studied by flash photolysis and the function of amino acids which have
been not reported until now was clarified.

HsSRII is a negative phototaxis receptor, which makes bacterium avoid blue-green light. In this
study the amino acid replaced mutants of aspartic acid 103 (D103) of HsSRII were prepared and
analyzed with flash photolysis. Aspartic acid 103 of HsSRII corresponds to D115 of bacteriorhodopsin
(BR). This amino acid residue D115 is functionally important in BR. Aspartic acid D103 were replaced
with asparagine (D103N) or glutamic acid (D103E). The work revealed that a substitution of D103
with asparagine (D103N) or glutamic acid (D103E) can resulted in large changes in HsSRII photocycle.
These alterations include acceleration of the decay of the M intermediate, prolonging the lifetime of
intermediates in the later part of photocycle, and appearance of a long-lived shorter-wavelength
photoproduct. Thus, D103 of HsSRII may play an important role in regulation of the photocycle of
HsSRII.

HeAR is a Light-driven outward proton pump like to BR. All key functional amino acid residues
for proton pump of BR are conserved in HeAR. In the present work, we payed an attention to amino
acids which are only conserved in ARs, prepared the mutants T164A, S165A and T164A/S165A
(T164 and/or S165 were replaced with an alanine) and analyzed the photocycles of the mutants with
flash photolysis. The amino acid replacements caused profound changes to the photocycle of HeAR
including acceleration of the decay of M intermediate, prolonging lifetime of intermediates in the later
part of photocycle, and appearance of additional two intermediates which were evident in the
photocycles of T164 mutants. These results suggest that although T164 and S165 are located at the far
end of the photoactive center, these two amino acid residues are important for regulation of the HeAR
photocycle.

Moreover, the thermal stability of three-dimensional structure of HeAR and its mutants were

investigated by small angle x-ray scattering (SAXS). In addition, the photocycles of HeAR



reconstituted into lipid and HeAR in the presence of detergent were compared and the influence of the

different environment on HeAR photocycle was investigated.

MEERARDER

FALHFEE - K A EGRLOMIEN R THDOME r R 7o oI dm L
TN AREESCH AR (X I VAT AT E R, LI T — ) RONZREX 8
BEThy., EEBEF CONEBERNRVICHO NI INTEET VEL VR 7E L L
TREMICATZE S L, EFETIE DEEEY] WHwbR A/ AEE LT, ISl T
HLEHEZBR TS, KA A, Mide Ry Hofhor ) —a RV »
IT (SRIT) &, FEANE S INLOEMNOLEH TLRKO 7V —TIZ Lo THERALI N
Halorubrum sp. ejinoor DfFOT —F 1 K7 2 (HeAR)IZHOWT, #il=/27 X/
MAEFRIKZER L, TN FHHEEZRH R, ChETHRos TR T I/
ool 2 60z L,

SRIT i%, MIENHERIE»LLRIT 280 ERMEOEZRIETH D, T Al
N7 TFUVAue K7y (BR) o7 o bRy THEEICEERT AT X U8 (D)
115 2% % SRIT @ D103 2 7 A 3 ¥ > (D103N) 07 /v % I Bt (DI03E) (2
B L ERKZER L., TONIEZER T, TORER., BRAETIE, M PRIE
DRBEIXELS DM, KIS A 7 B0 BEOFEMPELS D L, F
7=, EHMOBIEWDARKZ LH L, SRIT ® D103 1XF DI SH A 7 b o [l #is 3
EORMICEEREREZR-TEE2WHLNI L, ZOREIFBE#ER L1 L
TREINT,

HeAR X, BR & [RARICHERENAA M & 7 e bR 7 LTEE, Y bRy
THEREICKLEOT I JBRITETHRIFEINL TV, Lol BILS X AR 72123t
BLTHREESNTWDET I VEBALLZEIZEAL, 2607 8 (CKRXY
164 FHD ML A= ;TI64 & 165 FH DL Y > ;S165) 27 7= (A) |[ZEM
L7228 54K, T164A, S165A & T164A/S165A Z{EHL L . Zh & O AL FHIMEE %
R, ZTORER, ARAETIE, MPRBEOREITELS 2508, BRI A 7 ik
DOFBEOHFEMNELS R, £z, T164 OZE R TIIOECRS T BEO KNS 5
AR U, T164 & S165 XA L FF— AN LEENTZSATICH DI b )
oI HAR DI A 7 N ORIEEHEOFREIC EE o &E 2R3 & &2
SN LT, TNOOREITEER L2 L LTREINT,

KL< ADLL EOWFFERFITME R 7Y VHO AMYEL L ZE D 25 B iICE
WTHBZREERARZL-6THOTHY, e R HOAKTERISH
WCETHLEZABREL, L (LF) OFMICET LD LS,



