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Dear Bertie,
I am afraid that we cannot offer to publish your Matters 
Arising /correction. It is our policy not to publish 
pure priority claims since they are common yet often 
complex. Our standard response - and here it is for 
you - is that such matters are best dealt with by private 
correspondence. Let Sundstrom et al. know and I am sure 
they will not repeat their omission.
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In their article, "Kinetics of rhodopsin at room temperature

measured by picosecond spectroscopy"1 ,̂ Sundstrom et al. say that

"the primary changes in the absorption spectrum of rhodopsin were
2 )first observed at 77 K by Yoshizawa and Kito" . This is not cor

rect. In fact these changes were observed first, at the temperature
3 _ c \of dry ice, by Broda and Goodeve , workers in University College,

London, but enjoying in those war time days the hospitality of
King's College. These authors have introduced low temperature

spectroscopy of rhodopsin (visual purple) dissolved in water-

glycerol. This has remained a standard technique since. It has also

been used, with reference to the results by Broda and Goodeve, by

Wald et al.6 \  Yoshizawa and Kito2  ̂ did quote Wald et al.6 ,̂ but
3-5 )not the earlier authors ; possibly war year issues of British 

journals were not available in Japan in 1958.

Institute of Physical Chemistry E. Broda
The University 
WahringerstraBe 42 
A-1090 Vienna, Austria

1^Sundstrom,V . , Rentzepis , P.M. , Peters,K. & Applebury, M.L.
Nature, 267 , 645 - 646 (1977 ).

2 )Yoshizawa ,T.& Kito,Y. Nature 182, 1604 - 1605 (1958).
3 )Broda,E.E. & Goodeve,C.F. Proc.Roy.Soc.,London A 179 ,151-159 (1941).
ll )Broda,E.E. & Goodeve,C.F. Proc.Roy.Soc.,London B 130,217-225 (1941/42) 
5 ̂ See Nature L48, 665 (1941).

6 ^ald.G.,Durell,J.SSt.George,R.C.C. Science 111, 179-181 (1950).
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each wavelength and of making certain that the vidicon 
was used in its linear range.

Particular care was taken to eliminate photon saturation 
of the sample since rhodopsin, as most other highly 
sensitive biological molecules, can easily be saturated by 
an intense light pulse which may produce erroneous multi
photon events. Changes in A/) were examined as a function 
of the laser pulse intensity as shown in Fig. 1 and data 
were used only when they fell within the linear range of 
this plot. An additional indication that the system is not 
saturating is shown in Fig. 2 in which the photoinduced 
A/l increases proportionally with increasing sample con
centration at constant excitation intensity.

Excitation of rhodopsin by a single, 6-ps 530-nm pulse 
resulted in the bleaching of the rhodopsin band and 
simultaneous formation of prelumirhodopsin. The entire 
difference spectrum, recorded 60 ps after excitation is 
plotted in Fig. 2. This spectrum is characterised by:
(1) The bleached rhodopsin band at 430-510 nm with a 
maximum A/1 at 485 nm.
(2) Formation of a band at 530-680 nm with a maximum 
A/1 at 580 nm.
(3) An approximate isosbestic point a t 525 nm.

This difference spectrum is in approximate agreement 
with the previously reported data for low temperature 
glasses in digitonin3, rhodopsin in Ammonyx LO (ref. 10), 
and rhodopsin in intact retina". The kinetics indicate that 
the 485-nm band bleaches and the 580-band maximum 
arises within 6 ps as shown in Fig. 3.

There is one striking difference between the room 
temperature picosecond spectrum and those observed in 
low temperature glasses. The ratio of maximum and 
minimum A/1 in the difference spectrum observed at room 
temperature is 1 :1 . At low temperatures under a photo- 
stationary equilibrium, which is carefully established to 
exclude formation of isorhodopsin, this ratio is 2.5 : ! or 
3 : 1 (refs 10, 11). In addition the isosbestic point is located 
at 525 nm at room temperature versus 515 nm in low 
temperature glasses.

The source of this discrepancy is not clear. It is possible 
that temperature affects the band width and shape to some 
extent, however, it is more probable that at room tempera
ture the excited rhodopsin decays not only to a prelumirho
dopsin state but back to rhodopsin o r  other states via 
channels which are not open at low temperatures due to 
the rigidity of the species. To elucidate the operative 
mechanisms, we arc investigating transient formation at 
various temperatures and attempting to determine quantum 
yields of formation of prelumirhodopsin as a function of 
temperature. It is interesting to note that a relative increase 
o f the prelumirhodopsin band intensity at low temperatures 
would result in the shift of the isosbestic point to 515 nm,

Fig. 2 Difference spectrum observed 60 ps after excitation. The 
positive A band is assigned to preiumirhodopsin while the 
—A.-1 is due to the bleached rhodopsin. The reproducibility of 
each point is ±0.02 A units. A, A 1.4/2 mm; • .  A 0.8/2 mm.
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Fig. 3 a, Formation of the prelumirhodopsin band with a maxi
mum at 580nm induced by a 530-nm 6-ps pulse. A, 580nm;
•  , 480 nm. b. Depiction rale of the rhodopsin band at 480 nm 
after excitation with ihe same picosecond pulse. Similar kinetics 
are observed over the entire spectrum. Both figures represent an 
average of five kinetic records. The variance is given by the 

error bars.

which is observed at 77 K. This tends to support the above 
proposition that the 1 :1  ratio observed a t room tempera
ture is probably due to active additional decay channels 
which deplete the excited state.

Rosenfeld and co-workers’ have reported the formation 
of isorhodopsin between 380 nm and 475 nm at 50 ns. 
Bensasson et at.' reported a similar absorption occurring 
at 50 ns which was attributed to a new absorption due to 
prelumirhodopsin. As noted above, we have not observed 
formation of any new species between 410 nm and 430 nm 
between 6 ps and 100 ps nor do we have evidence for the 
early formation of hypsorhodopsin, the species observed by 
Yoshizawa'’ at liquid helium temperatures.

In view of the general agreement of our spectrum (Fig. 
2) with regard to the shape, width, maxima, and kinetics 
(Fig. 3) with the previously published spectra for prelumi
rhodopsin at low temperatures, we assign the species we 
observe a t room temperature to prelumirhodopsin. We 
conclude that within out time resolution of 6 ps, .the only 
species formed at room temperature during the first lOOps 
is prelumirhodopsin.

We thank Professor Yoshizawa for discussions and the 
US Japan Scientist Exchange Program for vision research 
for the support provided to him. M.L.A. received a grant 
from the US National Eye Institute.
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Prof.E.Broda
xx June 29th, 1977 

Austria

The Editor 
"Nature"
4 Little Essex Street 
London WC2R 3LF 
England

Dear Sir,

I should be grateful if you could publish in "Nature” 
(Matters Arising) the following correction. If this is all- 
right , could I please read the proofs in due course ? 
Thanking you.

Yours sincerely.



Id their article, "Kinetics of rhodopsin at rooa temperature 
Btasurad by picosecond spectroscopy"* \ Sundstroa at al. say that 
"the priaary changes is tha absorption apeetru* of rhodopsin were 
firat observed at 77 K by Toahisawa and Kito" . This is not cor
rect. Zn fact thaae changes were observed first, at tha teaperature

3 - 5 )of dry ice, by Broda and Goodeve , workers in University College, 
London, but enjoying in those war tiae days the hoepitality of 
King's College. These authors have introduced low teaperature 
spectroscopy of rhodopaia (visual purple) diaaolved is water- 
glycerol. Thia haa reaaiaed a standard technique aince. It has also 
been used, with reference to the results by Broda and Goodeve, by
Vald et al.6\  Yoahisawa and Kito2  ̂ did quote Vald at *1,®\ but

3-5 )not the earlier authors ; possibly war year issues of British 
journals were not available in Japan in 1958.
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