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M A A 4 . Picosecond Measurements on 
H a l o r h o d o p s i n of H a l o b a c t e r i u m H a l o -
b i u m , H. -J . Polland, Μ. A. Franz, W. Z in th , 
and W. Kaiser, Physik Department der 
Technischen Universität München, Ar-
cisstrasse 21, D-8000 München 21, Federal 
Republic of Germany, P. Hegemann and D. 
Oesterhelt, Max-Planck-Institut für 
Biochemie, D-8033 Martinsried, Federal 
Republic of Germany. 

Halobacterium halobium contains at least 
two retinylidene protein units that show 
photoactivity. Bacteriorhodopsin, a l ight -
driven proton pump, has been known for 
more than a decade and has been studied 
extensively. Halorhodopsin (or P588) was 
only discovered recently. I ts l ight-driven 
pump acts on chlorine ions. 1 U n t i l now, the 
photoreaction cycle in halorhodopsin was 
studied on a time scale of microseconds.2 We 
present the first known investigations on 
halorhodopsin on a picosecond t ime scale. 

Halorhodopsin has its major absorption 
band at 580 nm. The excitation of the sam
ple was made w i t h single pulses of 2.5-psec 
duration at X e x = 540 nm. The probing 
pulses were tunable over a wavelength range 
of X p r = 570 to 670 nm. Absorption changes 
were measured w i t h a high-precision differ
ence detection system wi th A I / I ^ 2 X 10~ 4. 
Purified halorhodopsin preparations in high 
salt concentrations (1 M ) were studied. 3 A 
series of time-dependent transmission mea
surements at various probing wavelengths 
gave the following interesting information 
(Fig. MAA4-1 shows an example for X p r = 646 
nm) : (a) The f irst excited singlet state of 
ret inal i n halorhodopsin has a l i fetime of 5 
psec. (b) A new photoproduct is generated 
w i t h the same time constant of 5 psec. (c) 
The photoproduct is red shifted and lives for 
at least 1 nsec. (d) A t the low level of l ight of 
our experiments the halorhodopsin prepa
rations show no indication of irreversible 
decomposition. 

I n analogy to bacteriorhodopsin the red 
shift in halorhodopsin may be connected wi th 

the isomerization of the retinal chromophore. 
(12 min.) 
1 Β. Schobert and J. Κ. Lanyi, J. Biol. Chem. 257, 
10306 (1982). 
2 H. J. Weber and R. A. Bogomolni, Photochem. 
PhotobioL33,601(1981). 
3 M. Steiner and D. Oesterhelt, The Embo J. 1,1379 
(1983). 
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Fig. M A A 4 - 1 . Absorption change of the 
probe pulse as a function of t ime delay be
tween exciting (X e x = 540 nm) and probing 
(Xpr = 646 nm) pulse. The absorption de
crease corresponds to the population of the 
f i rs t excited singlet state of halorhodopsin; 
the absorption increase is due to the growth 
of the f irst photoproduct. 
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