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Before I met Lenny Brand in 1990, I worked 
at the P. N. Lebedev Physics Institute of the 
Academy of Sciences of the Soviet Union.



  

My first project: Intracavity Laser Spectroscopy 
(1977-1982)



  

My first project: Intracavity Laser Spectroscopy 
(1977-1982)

What I did:

1. Built an electronic interface that allowed to output laser spectra 
directly to a mainframe computer,

2. Wrote software for the data analysis,

3. Analyzed intracavity laser spectra.

This drew the attention of Professor Michael D. Galanin



  

Professor Michael D. Galanin

A pioneer of Time-Correlated Single Photon 
Counting (TCSPC),

The author of the Förster-Galanin equation.

Förster equation for the donor decay:
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Förster-Galanin equation for the donor decay:



  

My second project: Time-Correlated Single 
Photon Counting & Data Analysis (1982-1990)

I was asked to:

1. Build an electronic interface that would allow to output TCSPC 
data directly to a mainframe computer,

2. Write software for the data analysis,

3. Fit TCSPC data using different fluorescence decay models, 
including the Förster-Galanin equation.

To help me start, Dr. M. D. Galanin handed to me seven reprints.



  

To help me start, Dr. M. D. Galanin handed to me seven reprints:

I. Isenberg, R. D. Dyson, R. Hanson, Biophys. J. 13, 1090 (1973).

W. R. Ware, L. J. Doemeny, T. L. Nemzek, J. Phys. Chem. 77, 2038 (1973).

A. Grinvald, I. Z. Steinberg, Anal. Biochem. 59, 583 (1974).

A. Gafni, R. L. Modlin, L. Brand, Biophys. J. 15, 263 (1975).

A. E. McKinnon, A. G. Szabo, D. R. Miller, J. Phys. Chem. 81, 1564 (1977).

D. V. O’Connor, W. R. Ware, J. C. Andre, J. Phys. Chem. 83, 1333 (1979).

M. G. Badea, L. Brand, Meth. Enzymol. 61, 378 (1979).



  

The last three reprints compared different methods of data analysis:

1. Method of Moments

2. Method of Modulating Functions

3. Laplace Transform

4. Fourier Transforms (two variants)

5. Exponential Series A. K. A. Linear Least Squares

6. Iterative Convolution A. K. A. Nonlinear Least Squares

All three comparisons were in favor of the Iterative Convolution procedure, 
however, only Badea and Brand (1979) explicitly stated this conclusion:



  



  

The phone call at 1:30 AM that
changed my life completely

1. Förster-Galanin equation is used to fit donor decay in liquid crystals.

2. The donor decay is non-exponential even without the acceptor.

3. In anisotropic media the decay rate depends on the orientation.

4. There is no simple mathematical model to describe this dependence 
in liquid crystals.

5. Collaboration with the Charles University in Prague, Czechoslovakia, 
where they study fluorescence of DPH in lipid membranes.

6. I introduce a simple mathematical model for the orientational 
dependence of the decay rate in lipid membranes.

7. Unable to test the theoretical model due to inferior experimental 
equipment in Prague at that time (1989).

8. Dr. Jaroslava Svobodova sends my science proposal to Dr. Michael 
Edidin.

9. Dr. Michael Edidin hands my science proposal to Dr. Ludwig Brand.



  

The phone call at 1:30 AM that
changed my life completely

10. Dr. Ludwig Brand studied fluorescence decay of DPH in membranes 
since about 1981.

11. In about 1987 Dr. R. E. Dale finds a paper where the orientational 
dependence of decay rate in thin layers was obtained from classical 
electrodynamics and brings it to the attention of Dr. Brand:

W. Lukosz, Phys. Rev. B 22, 3030 (1980).

12. Dr. Ludwig Brand writes about the decay rate dependence in his NIH 
grant proposal, but he finds nobody who would like to take on this 
project... until Dr. Michael Edidin hands my science proposal to him.



  

The phone call at 1:30 AM that
changed my life completely

Baltimore to Moscow time difference = 8 hours.

9:30 AM + 8 hours = 5:30 PM



  

The phone call at 1:30 AM that
changed my life completely

Baltimore to Moscow time difference = 8 hours.

9:30 AM + 8 hours = 5:30 PM

5:30 PM + 8 hours = 1:30 AM
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7-fluoro-tryptophan (7F-Trp) is completely non-fluorescent.

7F-Trp variant of the cyclophilin A (CypA) protein was created at the 
University of Pittsburgh for NMR studies.

7F-Trp-CypA displayed weak fluorescence of Tyr residues, peak at 302 nm.

Dr. Manman Lu discovers that after photoactivation by UV radiation,
7F-Trp-CypA becomes highly fluorescent, with the peak near 370 nm.

Dr. Angela M. Gronenborn sends a sample of 7F-Trp-CypA to me. Why did 
she send it to me?
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The quantum yield (η) of new fluorophore at λ
ex

 = 305 nm equals 

0.395±0.003

The main lifetime (τ) is 2.38 ± 0.01 ns

The natural lifetime: τ
0
 = τ/η = 6.02 ns

The radiative decay rate: k
r
 = η/τ = 1.66×108 s-1

This high radiative decay rate cannot be achieved if the fluorophore is 
the size of the Trp side chain (indole).

CONCLUSION: 

The fluorophore must consist of more than just two fused aromatic rings.



  



  



  

Fluorescence decay of photoactivated 7F-Trp-CypA was not exponential.

This could indicate the presence of multiple fluorophores and/or relaxation.

One-dimensional data, like:

-  an emission spectrum F (λ
em

) obtained at one excitation wavelength

-  an excitation spectrum F (λ
ex

) obtained at one emission wavelength

-  a nanosecond decay curve F (t) obtained at one emission wavelength

are not sufficient to separate the contributions of multiple fluorophores.

We collected and analyzed two-dimensional data of two kinds:

1. F (t, λ
em

)     -  Decay Associated Spectra (DAS),

2. F (λ
ex

, λ
em

)  -  Singular Value Decomposition of the Excitation-Emission    

                       Matrix (SVD ExEm).



  

Decay Associated Spectra (DAS):

F (t ,λem) = ∑
n=1

N exp

αn(λem) exp(−t / τn) = ∑
n=1

N exp

f n(λem)
1
τn

exp(−t / τn)

Singular Value Decomposition of the Excitation-Emission Matrix

F (λex ,λem) = ∑
n=1

N SV

un(λem) sn vn(λex)

F (λex ,λem) = ∑
n=1

N SV

f n(λem) gn(λex)



  

The instrument for 

collecting time-resolved 

fluorescence was built in 

the 1980's by Dr. Ludwig 

Brand and his colleagues.

After 1990 it was 

substantially improved: the 

productivity went up tenfold; 

the time resolution 

improved twofold.



  

The concept of Decay Associated Spectra (DAS) was first introduced 

by Jay R. Knutson, Dana G. Walbridge, and Ludwig Brand:



  



  

Singular Value Decomposition (SVD)
of the Excitation-Emission Matrix

History of the Method
● Early 1990's. Dr. Beverly Packard attached two different rhodamine 

dyes to a polypeptide. The excitation and emission spectra of the two 
dyes need to be separated. I try to separate them using Nonlinear 
Least Squares, with little success.
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History of the Method
● Early 1990's. Dr. Beverly Packard attached two different rhodamine 

dyes to a polypeptide. The excitation and emission spectra of the two 
dyes need to be separated. I try to separate them using Nonlinear 
Least Squares, with little success.

● 1992. Dr. Ludwig Brand and Dr. Michael Johnson are editors of the 
Methods in Ezymology vol. 210 "Numerical Computer Methods".

● Dr. Ludwig Brand learns about my failed attempt to separate the 
excitation and emission spectra of two dyes. He brings Vol. 210 to me 
and shows this article:

Henry, E. R.; Hofrichter, J. Methods Enzymol. 210, 129 (1992).



  



  

Singular Value Decomposition (SVD)
of the Excitation-Emission Matrix

History of the Method
● Early 1990's. Dr. Beverly Packard attached two different rhodamine 

dyes to a polypeptide. The excitation and emission spectra of the two 
dyes need to be separated. I try to separate them using Nonlinear 
Least Squares, with little success.

● 1992. Dr. Ludwig Brand and Dr. Michael Johnson are editors of the 
Methods in Ezymology vol. 210 "Numerical Computer Methods".

● Dr. Ludwig Brand learns about my failed attempt to separate the 
excitation and emission spectra of two dyes. He brings Vol. 210 to me 
and shows this article:

Henry, E. R.; Hofrichter, J. Methods Enzymol. 210, 129 (1992).

● I write the first program to perform SVD of the Excitation-Emission 
Matrix, but it does not work at all because of scattered light peaks 
(when the excitation and emission wavelengths are equal, scattered 
light intensity is enormous).



  

● By 2002 I develop "Iterative SVD" algorithm that ignores the scattered 
light peaks.

Singular Value Decomposition (SVD)
of the Excitation-Emission Matrix

History of the Method
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"basis vectors" to the excitation and emission spectra of the actual 
fluorophores.
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History of the Method
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● By 2002 I develop "Iterative SVD" algorithm that ignores the scattered 
light peaks.

● Then the next problem: how to transition from the orthogonal SVD 
"basis vectors" to the excitation and emission spectra of the actual 
fluorophores.

● By 2004 I develop a transition algorithm that requires some a priori 
knowledge, e.g., a fluorophore does not absorb at wavelengths 
longer than λ

red_edge
 .

● In 2021 I develop a method that does not require a priori knowledge 
except for the fact that fluorescence intensity cannot be negative.

Singular Value Decomposition (SVD)
of the Excitation-Emission Matrix

History of the Method



  



  



  



  



  



  



  

CONCLUSIONS

● Both DAS and SVD of ExEm matrix can separate 
the contributions of fluorophores in a mixture.

● DAS produces more reliable results, but it 
requires expensive picosecond instrumentation.

● SVD of ExEm matrix requires only steady-state 
equipment, but results are less reliable.

● DAS was invented by Dr. Brand & colleagues.
● SVD of ExEm matrix was inspired by Dr. Brand.



  

I deeply appreciate everything Lenny did

for me and my family.

I will always miss him.
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