
Spectroscopic methods:

Absorbance spectroscopy
Fluorescence spectroscopy

Infrared Spectroscopy
Nuclear magnetic resonance

Electron paramagnetic spectroscopy
........

Spectroscopic methods for 
Protein structure determination 

Protein folding mechanism, kinetics, 
thermodynamics

Ligand binding studies
Measuring Catalytic activity and carry out 

mechanistic studies of enzymes
Detect (transient) Conformational changes



General Mode of Action of Proteins:

Transcription
Translation
Signal transduction
Allosteric 
activation/Inactivation
Catalysis

Binding Effect



The description of a biological process includes the description 
of how the energy of the system changes during the  process, 
which requires equilibrium (steady-state) and kinetic studies 
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Free energy profile and kinetic scheme of enzyme-catalyzed 
reactions: multistep processes
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Discontinuous methods for the Detection and Quantitation of the 
reagents are time-consuming, and they often require:

- Chromatographic separation of the reaction components at 
different times followed by:

- Detection and Quantitation of the reaction components by UV, Vis 
Absorbance, Fluorescence; Conductivity; Radioactivity, ….
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Discontinuous methods may not allow the isolation and 
identification of (unstable) intermediates or products including 

protein-protein, protein-ligand  complexes, etc.
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Continuous methods that do not require sample manipulation are:

- less time consuming, 

- (usually) less expensive and more precise (lower number of 
steps where experimental error can be introduced) 

Spectroscopic methods may allow the direct observation of the 
species present in solution IF

- the signals (spectra)  of A, B, C, etc. can be distinguished from 
each other

- the intensity of the signals can be related to the concentrations 
of A, B, C, etc.

- the signals can be acquired very rapidly to monitor changes over 
time



Absorbance and fluorescence spectroscopies can allow the rapid 
acquisition of signals with high sensitivity. 

The absorption and fluorescence spectra often allow to identify 
and quantify the chemical species in solution

Isosbestic points



Protein folding and conformational changes can be described 
through equilibrium and kinetic approaches



Outline

- Basic principles of absorbance and fluorescence spectroscopies

- Applications of absorbance and fluorescence spectroscopies to 
study the properties of proteins with special reference to the 
characterization of enzyme reactions
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Absorbance and fluorescence spectroscopies use a narrow (200-
800 nm) region of the electromagnetic spectrum



Basic principles of absorbance and fluorescence spectroscopies 

Only some electronic transitions 
are possible when a sample is 
irradiated with near UV – visible 
light 



- A large number of compounds absorb in 
the near UV region 

- Compounds with (several) conjugated 
double bonds yield complex absorbance 
spectra, with absorption also in the visible 
region

- The absorption spectrum of a 
compound (especially in the visible 
region) allows its identification and 
quantitation

- A light absorbing compound is called a 
«chromophore»



Several natural compounds absorb light in the visible region of the 
spectrum

Light-absorbing pigments in photosystems



Several biological compounds are also fluorescent



Fluorescence 

Monochromator

Detector

λ1

λ2 > λ1

A = ε c l 
Absorbance

2 different instruments ( or 1 instrument but different setup in 
stopped-flow)



Scheme of a dual (double) 
beam spectrophotometer

Scheme of a (photo)diode 
array spectrophotometer

Differences:
Stability
Resolution
Signal-to-noise
Linearity of response
Artifacts (e.g.:photoreactions/degradation)
Speed



Amide bond (220 nm)

Intrinsic Chromophores in proteins

- Use to detect peptides and proteins when concentration is low
- Several other compounds absorb at 220 nm



Intrinsic Chromophores /Fluorophors in proteins: 
Aromatic amino acids

Use absorbance at 280 nm to detect/quantify  
proteins.

If the number of aromatic amino acids is limited, monitoring their 
fluorescence changes can help study protein folding/unfolding; 
protein-ligand, Protein-protein interactions; conformational 
changes. Otherwise, the data can be difficult to interpret.



Protein unfolding exposes Trp to solvent leading to fluorescence 
emission increase and shift of lambda max 

If Protein oligomerization buries Trp  the process can be 
monitored through Trp fluorescence changes 



Intrinsic Chromophores in proteins with absorbance in the visible 
region: several coenzymes and cofactors.

Some are also fluorescent.

Modifications of the compounds or their environment alter the 
absorption (and fluorescence) spectrum.

Hemoglobin oxygenation Cytochrome c reduction



Methionine synthase (MetH): 
enzyme forms part of the 
catalytic cycle

Cobalamins (vit B12 derivatives)

Pyridoxal phosphate (PLP)



The flavin coenzymes FMN and FAD are derivatives of riboflavin 
(vitamine b2) and participate in oxidoreduction reactions

Blue SQ

Red SQ

Yellow



Flavoproteins catalyze a large number of different reactions 

Flavoenzymes classes:

- Dehydrogenase

- Electrontransferases

- Dioxygenases

- Oxidases

- Monooxygenases



Absorption versus fluorescence spectroscopy

Absorbance Fluorescence
Detection limits μM – mM ≤ μM

Linearity of signals 2 orders of magnitude
(e.g.: 1 – 100 μM)

≈Narrow 
(e.g.: 0.1 – 1 μM)
inner filter effects

Quantification of 
solute

ε, extinction coefficient 
M-1 cm-1

F ∝ c*l, 
in arbitrary units

Sensitivity to:
- Temperature
- Solvent
- Other solutes

- Very high

Return to ground state Very fast
(Relatively) slow

(can measure fluorescence 
decay over time after flash 

of exciting light)

≈



The measured Fluorescence intensity and emission spectrum is 
very sensitive to compound(s) concentration (inner filter effects; 
overlapping of emission/absorbance spectra; presence of 
quenchers, other solutes, FRET). 

Check linearity of signal, minimize unwanted interferences, but 
also exploit these properties

Rhodamine



Fluorescence quenchers by collision such  as acrylamide can be 
used to monitor the location of a Trp residue:
if buried: no effect of quencher; if solvent exposed: effect of quencher 



The sensitivity of fluorescence emission to the environment is 
exploited to study protein folding: ANS, various dyes (see 
Thermofluor)

ANS fluorescence increases when it interacts 
with hydrophobic residues.

ANS can be used to monitor the exposure or 
burial of hydrophobic residues in proteins 
during unfolding, dissociation of oligomer, 
and conformational changes in general.



The monomeric (inactive) HIV1 
protease exposes hydrophobic 
patches to which ANS binds: 
monitor stabilization of monomer  
in the presence of the compound 
through increase of ANS 
fluorescence 



Example : Use absorbance and fluorescence spectroscopies to quantify 
and identify the bound coenzyme as FAD exploiting flavin fluorescence 
quenching by protein + by stacking between isoalloxazine ring and 
adenylate moiety. 

The case of MICAL: a multidomain cytoplasmic protein participating in 
actin cytoskeleton dynamics through its N-terminal monooxygenase or 

oxidase flavoprotein domain
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MICAL-His

MICAL-His + 0.2% SDS

ε457 = 8.0 mM-1cm-1

Absorption spectrum of the purified N-terminal domain of h-MICAL

1) The spectrum of the «as isolated» MICAL indicates the presence of a flavin  
coenzyme, but the spectrum differs from that of authentic flavin, FAD or FMN.
2) Release of the coenzyme by denaturation yields the spectrum of authentic FAD or 
FMN
(1) A charge-transfer complex between the flavin  and Trp400 from X-ray structure
(2) The extinction coefficient of free FAD is known: Use the information to determine 
the stoichiometry and the extinction coefficient of the bound coenzyme 

Still Need to determine if the coenzyme is FAD or FMN



Excitation spectrum, 
λem: 523 nm

Excitation and emission spectra of  flavin coenzymes

Emission spectrum, 
λex: 450 nm
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Fluorimetric Indentification of the cofactor bound to MICAL as FAD

1) The fluorescence of the bound coenzyme is quenched
2) If FAD, PDE will bring along a 10x increase of fluorescence due to conversion into 

FMN, and removal of internal quenching of fluorescence by the AMP moiety.

λex, 450 nm
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G-Actin, 3.6 μM MICAL, 
0.66 μM NADPH 91 μM
P, 10x polymerization buffer

Effect of MICAL-MO on F-actin depolymerization 
(monitor pyrene-actin polymerization and depolymerization by fluorescence)

http://mullinslab.ucsf.edu/Protocols%20HTML/pyrene.html)

MICAL-MO + NADPH causes 
decrease of fluorescence of 

pyrene-labelled Factin

Ex = 365 nm Em = 407 nm

How much of the fluorescence changes are due to 
NADPH addition and later decrease of NADPH 
concentration/ absorbance???

Use DLS (and Ultracentrifugation) to monitor actual 
polymerization / depolymerization of actin

365 nm 
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Monitor F-actin polymerization state 
by DLS and NADPH consumption by 
absorption spectroscopy at 340 nm:
- F-actin stimulates NADPH oxidation
- F-actin is (partially) depolymerized
- More NADPH is oxidized than total 
actin present.

MICAL depolymerizing effect on actin may be reversible or may be 
due to combination of MO activity + H2O2 production

?



Measured Fluorescence intensity and emission spectrum is very 
sensitive to compound(s) concentration: inner filter effects; 
overlapping of emission/absorbance spectra; presence of 
quenchers, other solutes, FRET. 

Check linearity of signal, minimize unwanted interferences, but 
also exploit these properties



FRET: Foerster (Fluorescence) resonance energy transfer occurs 
when the emission spectrum of the «Donor» overlaps with the 
absorption spectrum of the «Acceptor» without emission of 
photon from donor. 

The efficiency of FRET depends on the distance between Donor 
and Acceptor. FRET can be used to monitor distances between 

Donor and Acceptor



Use of FRET to measure interaction between yellow fluorescent 
protein and cyan fluorescent protein 
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HIV1 protease

Use of FRET to measure enzyme activities



N

C

N

+

C

N

Ser-Nle-Ala-Glu-pNitro-Phe-Leu-Val-Arg-Ala-Lys-His

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0 200 400 600 800 1000 1200 1400 1600 1800

A
bs

or
ba

nc
e,

  3
10

 n
m

time (sec)

HIV 1Protease Activity

‐0.200

‐0.100

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

200 250 300 350 400 450 500

A
bs
 (A

.U
.)

Wavelenght (nm)

Substrate Spectra: before and after incubation with HIV‐1 protease 

Substrate Substrate + HIV‐1 Protease Spectra Difference

HIV1 protease

ε≈ 0.50 mM-1cm-1

Also absorption of a given compound is often sensitive to 
environment but absorbance changes are smaller than fluorescence 

changes 



Buffer :100 mM Na Acetate, pH 5.00, 1mM EDTA, 1 mM DTT, 100 mM NaCl

Absorbance-based assay vs FRET-based assay of HIV1 protease: 
which is the assay method to use?



Circular dichroism spectroscopy to measure:
- Folding/unfolding
- Conformational changes
- Reduction of redox center (e.g.: flavin coenzyme)

The principle: different absorption of left vs right circularly polarized  
light by chiral molecules as a function of environment

Warning: Signals are small; interference by air, solvents, solutes: high; 
but the technique is very sensitive
A few useful websites: the principle made easy?
http://www.photophysics.com/tutorials/circular-dichroism-cd-
spectroscopy/1-understanding-circular-dichroism

Electromagnetic waves and circular dichroism: an animated tutorial
szilagyi.andras@ttk.mta.hu

Protein Circular Dichroism Data Bank: pcddb.cryst.bbk.ac.uk/home.php



szilagyi.andras@ttk.mta.hu



Applied Photophysics website





Applied Photophysics website

Expected signals from secondary structure elements



CD is often used to study 
folding – unfolding, often in 
conjunction with 
fluorescence

Example: HIV protease



Use CD to monitor activatory conformational changes in PBP2a (Penicillin 
Binding Protein 2a) the peptidyl transferase responsible of methicillin resistance 
in Staphylococcus aureus (MRSA), in the presence of peptidoglycan. 

Eventually discover allosteric regulatory site in 
PBP2a as a novel drug target to combat MRSA



Crystallography shows the location of an allosteric site where 
peptidoglycan binds



Fluorescence anisotropy

The principle: 
Excite fluorophor with polarized light. The emitted light will be 
polarised or depolarised depending on speed of tumbling (which is 
in turn related to mass).

Applications: measure binding



Example: Characterize interaction between p53 and peptides 
mimicking one of its interactors to stabilize oncogenic mutants



Use of absorbance and fluorescence to characterize enzyme 
mechanisms:

- Enzyme activity assays
- Binding studies
- Redox titrations
- Rapid reaction kinetics
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Enzymes catalyze chemical reactions with:
- High (stereo)specificity with respect to the substrates and products
- High acceleration rates (versus the uncatalysed reaction)

Enzymes do not alter the reaction equilibrium 

- Orientation and proximity effects
- Acid-base catalysis
- Electrostatic catalysis
- Covalent catalysis
- Metal-assisted catalysis
- Preferential stabilization of the transition-state

The high acceleration rates are achieved by combining:

The study of enzyme catalytic properties complements structural 
studies and is essential for (e.g.) drug design: rational drug design 
and inhibitor characterization.



Initial velocity measurements under steady-state conditions allow 
to determine the kinetic parameters V and KM for the substrates, 
which depend on the rate constants that govern the individual 
reaction steps. 
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Velocity measurements under pre-steady-state conditions allow to 
determine directly the values of the rate constants that govern the 
individual reaction steps



Initial velocity measurements of the enzyme-catalyzed reaction 
are carried out, under a variety of conditions, 
- to quantify the enzyme and 
- to obtain information on the reaction mechanism, regulatory 

mechanisms, the active enzyme form. 

Substrates Products

v = -
d[S]

dt
= 

d[P]

dt



The Michaelis-Menten Equation.

The Assumptions of the model
- [E] << [So]
- Measure vo (initial velocity) when [P] = 0
- v = k3*[ES]
- [ES] = constant

k2

k3
E + S ES

k1

E+P

+ [S]

v =
k3 [Etot] * [S]

k2+k3

k1

Vmax = k3[Et]
k2+ k3

Km =
k1

vo =
Vmax[S]

Km + [S]

for the Simple Model:

The expression of v:



The Michaelis-Menten Equation.

k2

k3
E + S ES
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E+P

+ [S]

v =
k3 [Etot] * [S]

k2+k3

k1

Vmax = k3[Et]
k2+ k3

Km =
k1

vo =
Vmax[S]

Km + [S]

for the Simple Model:

Simplifying....

k1, k2, k3 will depend on , e.g., temperature; isotopic substitution of 
S and solvent; ionic strength of the medium, solvent viscosity

«Active» enzyme form with respect to S or P binding will depend 
on, e.g.,  pH, presence of inhibitors

Thus, V and V/K values as a function of T, pH, I, isotopic 
substitutions, inhibitors will give information on E, on the catalytic 
mechanism and on the relative magnitude of little k’s



Time (min)

[P
]

Δt

Δ [P]

Substrates Productsv = -
d[S]

dt
= 

d[P]

dt

Continuous 
spectrophotometric assays 
are very handy: no sample 
manipulation, direct 
observations, often high 
sensitivity, reproducibility.



Information we can extract from steady-state kinetics:

Reaction mechanism,

Steady-state kinetic mechanism, 

Position and structure of the transition state

Relative magnitude of rate constants

What may we miss?

Conformational changes part of the reaction mechanism

Reaction intermediates

Values of individual rate constants

Substrate/product/inhibitor binding constants



Direct Observation of the Enzyme or the ligand using an intrinsic 
spectroscopic probe:

Determination of equilibrium (or dissociation) constants

Kd = [C] 
[A]*[B] 

A + B

C ΔG° = - RT ln Keq

A + B C
k1

k2

Keq = 
[C] 

[A]*[B] 



Flavin-dependent enzymes contain FMN or FAD as the coenzyme

The flavin cofactor acts as an 
intermediate electron acceptor 
between the substrate/product 
couple: (can study reductive 
and oxidative half reaction, 

under anaerobiosis). 



The flavin absorbance spectrum is sensitive to:
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The flavin absorption spectrum is sensitive to the  «environment»:

Binding of Benzoate (an inhibitor of D-amino acid oxidase that mimicks 
the iminoacid intermediate) causes large absorbance changes, which 
can be used to calculate Kd
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Some flavoproteins can form a Flavin-N(5)-sulfite adduct
R

R

H

H

-O-S=O
O-

-O-S=O
O

The formation of the flavin N(5) sulfite adduct gives information 
on the electronic distribution of the bound flavin coenzyme, which 
depends on the flavin environment. 
Typically: flavin in oxidases reacts with sulfite, in oxidoreductases 
does not. 



Determination of the midpoint potential of bound flavin 
coenzymes
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The E° of a redox couple 
indicates the tendency of the 
species to accept/donate 
electrons.

In redox reactions electrons 
flow from species with lower 
Em to species with higher Em

Fundamental equation:  
Nernst equation

EA = EA° - (RT/nF) ln(Ared/Aox)

Several important reactions are oxidoreductions

∆G = - nF∆E



An+
ox + Bred ↔ Ared + Bn+

ox

n= no. transferred electrons; F = Faraday constant= 96494 JV-1; R, 8.341 Jmol-1K -1; T, 
20°C = 293K n Log N = 2.303 Ln N; 2.302RT/nF with n = 2 = 0.029V at 20°C

An+
ox + ne- = Ared

Bred = Bn+
ox + ne-

An oxidoreduction reaction is formally the sum of two half-
reactions. 

EA = EA° - (RT/nF) ln(Ared/Aox)

EB = EB° - (RT/nF) ln(Bred/Box)

With a Redox titration we can determine E°

E = E° (Em) when   Ared = Aox

But we need to know E (in V)



Experimental set-up (anerobiosis conditions):

E = EE° - (RT/nF) ln(Ered/Eox)

E = EDye = EDye° - (RT/nF) ln(Dyered/Dyeox)

Eox + Dyeox
e- Eox + ne- ↔ Ered

Dyeox + ne- ↔ Dyered

Let equilibrate WELL 
with the help of a 
mediator; quantify 
species; then add more 
reducing agent, and 
repeat

Known values Determine 
during titration

Determine during 
titration

Known from EDye

Use Dye redox state to measure E (V)

Calculate Em of enzyme bound cofactor



Spectrophotometric determination of the midpoint potential of 
FMN:

(1) Anaerobic reductive titrations of FMN; Dye; FMN+Dye under 
conditions that guarantee equilibrium

(2) Determine λ and ε useful to measure FMNox/red and Dye ox/red

20 μM FMN

408 nm

521 nm

17 μM Phenosafranine,E°=-252mV 
20 μM FMN + 17 μM  PS

(3) Monitor A408 to determine FMNred/FMNtotal and A521 to determine 
PSred/Pstot during an equilibrium redox titration
(4) Apply Nernst equation to determine E°FMN



Spectrophotometric determination of the midpoint potential of FMN: 
rearrange Nernst equation

= Em,FMN)*Log FMNox

FMNred 2.303RT
(Em,Dye - Log Dyeox

Dyered
+

nFMN *F
nDye

nFMN

Lo
g(
A o

x/
A r

ed
)

0

Slope = ndye/nA

Log(Dyeox/Dyered)

Intercept = (Em,Dye‐ Em,A) *nA /0.059

nDye

nFMN

0.9 ≈1!-252 mV 2

- 0.99

-222 mV



NADP+

NH3

L-GluL-Gln

L-Glu

2-OG 2-IG NADPH

α subunit

β subunit

GAT site

Ammonia tunnel

Synthase  site

NADPH-GltS

Determine the mid-point potential of FAD, FMN and of the 3Fe/4S 
center of NADPH-GltS

GAT FMN

ADP3Fe4S FeS NAD(P)FAD

NADPH-GltS
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Em, mV
Enzyme FAD (n = 2) FMN (n=2) Fe/SI (n = 1)

α -235.0 ± 1.9 -260.0 ± 3.5
β -339.8 ± 1.5

αβ -354.7 ± 2.5 -238.9 ± 7.5 -245.0 ± 12.0



•Cottevieille et al. (2008) JBC The subnanometer resolution structure of the glutamate synthase 1.2 MDa 
hexamer by cryo-electron microscopy and its oligomerization behavior in solution: functional implications. 

Propose electron transfer pathway in 
NADPH-GltS from measurement of Em of 
FAD, FMN coenzymes and 3Fe/4S cluster 

and a model of GltS protomer from 
Small Angle X-ray Scattering (SAXS)  

and low-temperature electron 
microscopy (cryoEM)
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NADP+

NH3

L-GluL-Gln

L-Glu

2-OG 2-IG NADPH

α subunit

β subunit

GAT site

Ammonia tunnel

Synthase  site

NADPH-GltS

NADPH titrations to study the properties of GltS Site 1, the NADPH 
oxidising site on NADPH-GltS β subunit

NADP+

NADPH

GAT FMN

ADP3Fe4S FeS NAD(P)FAD

NADPH-GltS

1) Express, purify and characterize the GltS β subunit
2) Identify the NADPH-binding site by characterizing the G298A variant
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E-FAD + NADPH E-FAD.NADPH (E-FADred.NADP+)CT

E-FADred.NADP+ E-FADred + NADP+ 

Wild-type: bound FAD is reduced by 
NADPH with formation of a stable 
FADred-NADP+ charge-transfer complex

The substitution of the second G of the 
GXGXXA motif of the binding site of the 
adenylate portion of NADP 
- weakens NADPH binding, 
- prevents the formation of the CT 

complex, thus  it 
- alters the positioning of the 

nicotinamide ring

Anaerobic NADPH titration of β-GltS and the G298A variant



The structure of a  charge-transfer 
complex betwen NAD(H) and FAD

Scheme of «bipartite binding 
mechanism» of NADPH to 
spinach Ferredoxin NADPH 
reductase. 



Information we can extract from steady-state kinetics:

Reaction mechanism,

Steady-state kinetic mechanism, 

Position and structure of the transition state

Relative magnitude of rate constants

What may we miss?

Conformational changes part of the reaction mechanism

Reaction intermediates

Values of individual rate constants

Substrate/product/inhibitor binding constants



Rapid Reaction Kinetics.

EP
k2

k3
E + S ES

k1

k4

E+P
k5

k6



What can be measured by RR Kinetics?

Chemical reactions

Folding/Unfolding

Protein-protein, Protein-ligand interactions

Conformational changes



Rapid Reaction Kinetics - Pre-Steady-State Kinetics
[Enzyme] : µM, mM vs nM, µM for steady-state

[Substrate] : µM, mM 

( [S]> 10x [E] for pseudo-first order conditions)

Measuring Times: msec-sec vs sec-min  for steady-state

Thus, need:

- large amounts of enzyme/protein & substrate/ligand

- highly concentrated protein/ligand solutions

- rapid mixing device

- rapid measuring times (in continuous methods)

- rapid data acquisition

- software (expertize) for data analysis



Stopped-flow set-up for rapid reaction studies and absorbance or 
fluorescence detection (also continuous flow and setups for 
chemical quench/freeze quench)

Detector

Detector

Push, 3 atm
Stop 

syringe
Drive 

syringes

Trigger



Rapid Mixing device

E

A Turbulent flow to ensure constant 
velocity across tubing

High flow rate ( e.g.:10 m/s = 1 cm/msec)



Detection

Continuous methods:

Absorbance, Fluorescence, Circular Dichroism, Fluorescence 
anisotropy, conductivity, X-ray scattering (?)

Discontinuous  methods:

EPR (freeze-quench)

Mossbauer (freeze-quench)

HPLC separation of reaction components and chemical analysis 
(chemical quench)



The upper limit of measured rates is set by:

Dead-time, Time-constant (Time Resolution), Sensitivity of detector
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Single  Mixing 
Stopped-flow

Double Mixing 
Stopped-flow

E + S
E + S1 ES1

ES1 + S2 (or I, or ....)
Aging time, varies



A B
k1 C

k2

A = Ao e-k1t

B = Aok1/(k2-k1)(e-k1t - e-k2t)

C = Ao[1 + 1/(k1 - k2)(k2e-k1t - k1 e-k2t)

Iλ,A = [A]* ελ,A

IλB = [B]* ελ,B

IλC = [C]* ελ,C

C
B

A

To directly measure the rates of formation/decay of the various 
species we need to identify suitable wavelengths for analyses
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Green: At a given wavelength A, B, C have the same extinction  coefficient

At different wavelengths: we can distinguish A from B from C
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Catalytic competence of the NADPH oxidising site of the isolated 
GltS β subunit

Measurement of the rate of FAD reduction by NADPH in the stopped-flow

E-FAD + NADPH E-FAD.NADPH (E-FADred.NADP+)CT

E-FADred.NADP+ E-FADred + NADP+ 

900/s

Is there a charge-transfer complex between Eox and NADPH prior to 
electron transfer? Enzyme reduction is too fast to detect such a CT.



Diode array set-up is slower than  PMT mode but monitors 
entire spectrum: 

- Interesting/informative wavelengths can be selected later ; 

- global analysis can be applied also combining data from rapid 
reaction and static experiments (starting/final  spectra of 
Eox, Ered)



http://jplusconsulting.com/support/videos/

Software for global analysis 
- Import data from spectrophotometers and stopped-flow
- Built in mechanisms
- Can write your own mechanism

KinSim
Spectfit

Reacti-Lab,
etc



http://www.jove.com/video/3803/





Reductive half-reaction of SidA (in the absence of the ornithine 
substrate and oxygen)



SidAred Ornithine + O2



Reaction of reduced 3HB6H enzyme in the presence of 3HB 
with oxygen. 

Sucharitakul J et al. J. Biol. Chem. 2013;288:35210-35221
©2013 by American Society for Biochemistry and Molecular Biology



The kinetic mechanism for the overall reaction of 3HB6H. 

Sucharitakul J et al. J. Biol. Chem. 2013;288:35210-35221

©2013 by American Society for Biochemistry and Molecular Biology






