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My Research Interests:

‐ enzyme mechanisms

‐ regulation of activity

Main projects

‐ Structure‐function relationships of flavin‐ and iron‐sulphur‐
dependent oxidoreductases.

Other/Collaborative  projects

‐ Mycobacterium tuberculosis enzymes acting on tRNA’s as 
potential drug targets: Glu‐tRNA synthetase & Glu‐tRNA 
reductase.

‐ Folding Inhibitors of HIV‐1 protease



Our approach:

gene cloning, engineering  & expression

• protein (over)production & purification

• structure-function studies

– steady-state & pre-steady-state kinetics

– mechanistic studies

– absorbance & fluorescence spectroscopies

– Through collaborations:
– EPR, NMR, X-ray crystallography, Small-angle X-ray scattering, Cryoelectron 

microscopy , Molecular dynamics



Sample preparation and characterization

Structure-function studies require stable, reproducible, biologically 
active  and homogeneous protein preparations.

Critical steps:
- Expression 
- Purification
- Storage
- Protein concentration determination
- Cofactor/coenzyme content
- Chemical modifications
- Aggregation state
- Conformational changes
- Protein ligands
- Biological activity determination

An overview, some useful (?) references with examples (and 
troubleshooting)



Typical scheme for protein production in heterologous host

Gene/cDNA

PCR amplify/clone in expression vector

Transform in host

Grow and induce expression

Harvest cells

Purify

Characterize, Engineer , etc.



Sample preparation and characterization

Structure-function studies require stable, reproducible, biologically 
active  and homogeneous protein preparations.

Critical steps:
- Expression
- Purification
- Storage
- Protein concentration determination
- Cofactor/coenzyme content
- Chemical modifications
- Aggregation state
- Conformational changes
- Protein ligands
- Biological activity determination



Protein overproduction in heterologous host
Advantages:
- Cheap(er) and easy(ier) to handle starting tissue

(e.g.: proteins from pathogens; proteins from human tissues)
- Large amounts of protein/g starting material

(e.g.: 10 mg MTHFR from 10 kg pig liver)
- Protein engineering to facilitate purification, increase yield, limit 

protein degradation and/or denaturation  to allow structure/ 
function studies.

Disadvantages:
- Post-translational modifications may not be reproduced 
- Cofactor/coenzyme requirement  may not be met by host
- Natural protein is part of a complex

Problems
- Protein is toxic to host
- Protein is insoluble



Protein overproduction in heterologous host - Troubleshooting
- Obtain information on natural protein and its protein/ligand 

partners directly (proteomic approaches) or by similarity 
(bioinformatics).

- Selection of the host (not only E. coli)
- Selection of the vector (not only pET vectors)
- DNA engineering (codon optimization)
- Protein engineering (addition of tags; removal of membrane-

anchoring regions)
- Selection of the inoculum (e.g.: high starting cell concentration 

for toxic proteins) culture (minimal vs complete medium; low 
temperature), induction (IPTG, arabinose, T shift...) conditions

- Coexpression with chaperon proteins (not only GroE), 
cofactor/coenzyme synthetizing enzymes, partner protein.

- Host metabolic engineering



A few examples

- Post-translational modifications may not be reproduced without 
the precise knowledge of the mature protein 

Insulin



Examples
Cofactor/coenzyme requirement not met by host

Optimization of expression of human sulfite oxidase and its molibdenum
domain in E. coli required inactivation of mobA, the gene encoding the
enzyme that converts the Molibdo-pterin coenzyme of Sulfite oxidase into
Molibdo guanidine dinucleotide.

Temple CA, Graf TN, Rajagopalan KV (2000) Optimization of expression of human sulfite oxidase. 
Arch. Biochem. Biophys. 383, 281‐287.



Example: Natural protein is part of a complex

Expression in Pichia of zDHCR24 (the last enzyme of cholesterol 
biosynthesis)  seems to be promoted by co-expression of DHCR7 
(the enzyme catalyzing the previous step)

Figure 4: Levels of zDHCR24-His (clone E5) expressed in
MutS strain in 50 ml of complete medium under AOX
inducible promoter. Cells were disrupted under denaturing
conditions to obtain the total extract (T) and under native
conditions to obtain the soluble fraction by centrifugation at
13000 rpm, 15 min (Sol). M: molecular marker, s: standard
mix of DHCR24 forms expressed in E. coli as inclusion bodies
and resuspended in SB1X; -: MutS strain; +: MutS
∆ergs::DHCR7 ∆erg6::DHCR24 strain grown in the same
conditions.

Daniela Zucchini (MI), Andrea Camattari & Harald Pichler (Institute of Molecular Biotechnology, 
Graz, Austria)



Potential problems in Protein overproduction in E. coli that might 
be solved by switching to eukaryotic host coupled to metabolic 

engineering

Production of insoluble protein in E. coli may be due to :

- Too fast protein synthesis
- Too strong promoters

- No glycosylation, phosphorylation

- Lipid, sterol composition (especially for membrane proteins)





Producing membrane proteins is  still a major challenge due to 
the complexity of Folding/Trafficking/ maturation of membrane 
proteins and the requirement of many players



Host Membrane composition may be critical for expression of 
mammalian membrane proteins



Protein overproduction in heterologous host: Troubleshooting

Use different host/vector/construct combinations

High-throughput approach
+

Screening method for activity
And/or 

Good antibodies for dot-blot (faster but less informative than 
western blot) 

Try to produce same protein from different  species

Go to specialised centers



Protein overproduction in heterologous host

Some (more) web sites/centers
EMBL Protein production facilities:
http://www.embl.de/pepcore/pepcore_services/
http://www.embl-hamburg.de/facilities/spc/index.html
http://www.embl.fr/services/ht_expression/index.html
Oxford Protein Production facility: 
http://www.oppf.rc-harwell.ac.uk/OPPF/
Instruct Centers:
http://www.structuralbiology.eu/resources/instruct-centres

Wolfson Centre for Applied Structural Biology , Hebrew University of Jerusalem:
http://wolfson.huji.ac.il

Membrane Protein Expression Center (MPEC) UCSF : 
http://mpec.ucsf.edu/index.htm

ACIB/TU Graz : Institute of Molecular Biotechnology: 
http://www.imbt.tugraz.at/ 



Sample preparation and characterization

Structure-function studies require stable, reproducible, biologically 
active  and homogeneous protein preparations.

Critical steps:
- Expression 
- Purification
- Storage
- Protein concentration determination
- Cofactor/coenzyme content
- Chemical modifications
- Aggregation state
- Conformational changes
- Protein ligands
- Biological activity determination



Purification (not only IMAC)

- Ni-NTA-Sepharose:
- Overload the column
- Keep pH 7.5 – 8.0
- Keep low concentration of reducing agent (try to avoid protein 

oxidation from Ni+/Ni++ ions leaching from resin)

- Several E. coli proteins will bind to Ni-resin
- Chaperons used to promote expression may co-elute (bad sign; 

see DMGDH vs MICAL)

- Gel filtration 

- Ion exchange chromatography



Imidazole

29

45

66

DMGDH

MICAL

GroEL,60 kDa

GroES,10 kDa

GroEL,60 kDa

GroES,10 kDa

Ni-NTA Sepharose of protein coproduced with GroE (or other 
chaperons) Coproduction of human dimethylglycine dehydrogenase or 
MICAL with GroE in E. coli BL21(DE3) and  Ni affinity chromatography: 

coelution with GroE only with DMGDH suggests some misfolded protein?



Gel filtration reveals non specific aggregates or multiple 
oligomerization states 

Nature methods (2008) 5, 135



Ion exchange chromatography revealed multiple forms of 
hDMGDH (dimethylglycine dehydrogenase), 

which otherwise (gel filtration, affinity) seemed homogeneous

Holo‐DMGDH 
(covalently bound FAD)

dimethylglycine 

Sarcosine + HCHO 

H4folate 
CH2‐H4folate 

ETFox 
ETFred

Electron transfer  Chain

Dimethylglycine dehydrogenase: FAD dependent dehydrogenase containing covalently 
bound FAD. Same covalent bond found in succinate dehydrogenase, fumarate 
reductase. DMGDH feeds 1 carbon unit into folate-dependent cycle; defects of 
DMGDH: diseases belonging to broad class of «mitochondrial diseases»



MonoQ chromatography 
of hDMGDH from IMAC:

multiple forms of 
hDMGDH, which can be 
distinguished on the basis 
of the absorbance spectra 
in the visible region 
thanks to the sensitivity of 
the FAD spectrum to the 
environment.
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Sample storage 
Suggestions from A. Fersht laboratory:
Flash freeze in liquid N2 and store at 

-70°C - -80 °C (also to block proteases) or at -20°C in 50 % 
glycerol



Sample storage: keep your protein concentrated (to avoid loss 
through adsorption to vessel) but not too much (to avoid 

aggregation)

Not for structural work!



Sample storage: check stability through activity measurements, 
SDS-PAGE,  but also absorbance spectra and  dynamic light 

scattering before and after (ultra)centrifugation 



Tests:
Freezing & storage: 48 h @ -70°C +  48 h in dry ice

Thawing conditions:

Murphy et al. (2013) Protein instability following transport or storage in dry ice.  
Nature methods, 10, 

Dry ice = CO2 CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
-

Remove cap 
before 

thawing Store @ -70°C for 
96 h before 

thawing

Otherwise: acidification

Sample shipping in dry ice: avoid sample acidification!



- Test your container;

- Sealing with Parafilm does 
not seem to  work

- Ziplock mylar bag does not 
seem to work

Parafilm + Heat-seal in 
hybridization bag + vent your 
thermos during long trip (+ 
overnight storage at -80°C) 
seems to work (for MAV)

Alt/ seal dry ice in bags
(this is how dry ice is carried 

in airplanes to keep food 
frozen!) but avoid explosions



pKa of Tris is temperature sensitive

100 mM Tris buffer, 20° C 
pKa = 8.3; dpKa/dT = ‐ 0.028/°

H++ ↔NH3
+ Light 

NH● + H●

Tris, as an amine,  
reacts with light and 

forms radicals 
(e.g. Flavin 

photoreduction)

Sample storage: 
Tris buffers are very common, but be careful to pH shift and 

photochemical reactions!



Protein concentration determination: 
critical for stoichiometry (cofactor content, ligand binding),  

specific activity, mass/shape determination by SAXS

UV absorbance (computed/determined*)
Vis absorbance (if chromophore is present and extinction 

coefficient is known*)

*Colorimetric method:

- Biuret: 
- Lowry

- Bradford
- BCA

- 660 dye



http://web.expasy.org/protparam/

The principle:
ε280 = nTyr*ε280,Tyr + nTrp*ε280,Trp + ncystine*ε280, cystine

Where:
ε280,Tyr = 1490 M-1cm-1,      ε280,Trp = 5500 M-1cm-1 ε280,cystine = 125 M-1cm-1

With: ε280,Tyr and ε280,Trp calculated at pH 6.5, in  6.0 M guanidium
hydrochloride, 0.02 M phosphate buffer.

Two values: one assuming that all Cys are free, one assuming that 
all Cys form SS bonds

Gu/HCl should have little effect on ε280 , but better check with 
denatured and dialysed protein

Protein concentration determination: 
theoretical for protein without chromophor/ligand 



Protein concentration determination: 
theoretical for protein with chromophor –

Example: DMGDH, an enzyme containing covalently bound FAD

ε280 = nTyr*ε280,Tyr + nTrp*ε280,Trp + ncystine*ε280, cystine + nFAD*ε280, FAD

nFAD = 1 for holo-DMGDH

- ε280, FAD: determine experimentally in buffer + GuHCl
-



Number of amino acids: 861 
Molecular weight: 96236.7 
Theoretical pI: 6.74 

Extinction coefficients:

Extinction coefficients are in units of  M-1 cm-1, at 280 nm 
measured in water.

ε280 = 143505 M-1 cm-1 assuming all pairs of Cys residues form 
cystines (Abs 0.1% (=1 g/l)   1.491)

ε280 = 143130 M-1 cm-1 assuming all Cys residues are reduced (Abs 
0.1% (=1 g/l)   1.487)

http://web.expasy.org/protparam/ output



Determine ε280, FAD experimentally in buffer + GuHCl using known 
ε at 450 nm of FAD in buffer 

450 nm280 nm

ε448, FAD

ε280, FAD

buffer Buffer + GuHCl
11.3 11.9
19.95 24.32

264 nm 267 nm



Calculation of protein extinction coefficient  taking into account 
the bound cofactor/coenzyme: use extinction coefficients of 

protein (from Protparam) AND coenzyme in guanidine to minimize 
spectral perturbation due to protein environment; 

calculate/compare in GuHCl
Apo‐DMGDH DMGDH●FAD 

(non covalent)

Holo‐DMGDH 
(covalently bound 

FAD)

A280‐protein A280_FAD A280‐ EFAD UV/Vis f(holo)

143.13 24.32 167.45 14.0714286 1

143.13 21.888 165.018 15.4078431 0.9

143.13 19.456 162.586 17.0783613 0.8

143.13 17.024 160.154 19.2261705 0.7

143.13 14.592 157.722 22.089916 0.6



Protein concentration determination –
Common methods based on different principles

UV absorbance (computed/determined*)
Vis absorbance (if chromophore is present and extinction 

coefficient is known*)

*Colorimetric method:

- Biuret: 
- Lowry

- Bradford
- BCA

- 660 dye

Lower
limit of 
calibration 
curve
(μg in 1ml 
assay)

Sensitivity
to Protein 
aa 
compositi
on

Sensitivity Detection of 
interference/Troubleshooting

Biuret 15 low More or 
less all are 
sensitive to 
buffer,
reducing 
agents, 
detergent, 
denaturants 
(guanidine)!

‐ Check extent of interference by 
e.g. Your solvent

‐ Include your solvent atfixed 
concentration in references and 
samples.

Lowry 10 low

Bradford 1 high

BCA 1 low

660 dye 1 low(?)

*: commercial formulations; see also: http://wolfson.huji.ac.il





Protein concentration determination – Troubleshooting

UV absorbance (computed/determined*)
Vis absorbance (if chromophore is present and extinction 

coefficient is known*)

*Colorimetric method:

- Biuret: 
- Lowry

- Bradford
- BCA

- 660 dye

Lower
limit of 
calibration 
curve
(μg in 1ml 
assay)

Sensitivity
to Protein 
aa 
compositi
on

Sensitivity Detection of 
interference/Troubleshooting

Biuret 15 low More or 
less all are 
sensitive to 
buffer,
reducing 
agents, 
detergent, 
denaturants 
(guanidine)!

‐ Use 3‐5 different protein quantities 
and check linearity. Intercept 
should be zero.

‐ Check effect of your buffer added 
in a fixed amount in Std curve and 
your samples

‐ Pre‐precipitate protein* (make 
sure it is re‐solubilized prior to 
assay)

‐ Does your protein precipitate in 
assay? (check effect of order of 
reagents addition)

Lowry 10 low

Bradford 1 high

BCA 1 low

660 dye 1 low(?)

*: commercial formulations; see also: http://wolfson.huji.ac.il



Example: protein concentration determination in samples of 
DMGDH from MonoQ to determine FAD stoichiometry and to 

quantify covalently vs non covalently bound FAD
Apo‐DMGDH

DMGDH●FAD 
(non covalent)

Holo‐DMGDH 
(covalently bound 

FAD)

Spectra are similar at 459 nm, but different in the 360 nm region 
suggesting different forms



Denature by  
diluting 2x 
with 6 M 
GuHCl

Quantify FAD from 
absorbance spectrum

Quantify protein with 
Bradford method 

Remove/separate non‐covalently bound FAD

[FAD]

[protein]

Quantify FAD from 
absorbance spectrum

Quantify FAD from 
absorbance spectrum

Quantify protein with 
Bradford method 

[FAD]

[protein]

[FAD]

[protein]

Example: protein concentration determination in samples of 
DMGDH from MonoQ to determine FAD stoichiometry and to 

quantify covalently vs non covalently bound FAD: the 
experimental scheme



Bradford Assay with DMGDH samples in 3 M Gu/HCl (30 mM 
GuHCl in assay – constant) : sensitive to the order of addition of 

reagents (due to protein precipitation ?).

Assay method B
Bradford reagent 1 ml
0.1 M NaCl : 90 ul
3 M Gu/HCl buffer (10 – x) ul
Protein solution x ul

Assay method A
0.1 M NaCl : 90 ul
3 M Gu/HCl buffer (10 – x) ul
Protein solution x ul
Bradford reagent 1 ml

No such problem with BCA assay

From MariangelaCamozzi thesis



Protein integrity
- SDS-PAGE (proteolytic degradation but sometimes anomalous 

migration)
- N-terminal sequencing 
- MALDI-TOF  (Matrix Assisted Laser Desorption/Ionization‐Time of 

flight)

(Optimization of) Protein stability
- Activity assays with protein preincubated under various 

conditions
- Thermofluor
- DLS 



Reasons for anomalous behaviour in SDS-PAGE

SDS/protein ratio different from 1.4 g SDS/g protein due to :
Electrostatics attraction/repulsion
Hydrophobic patches
Residual 3D structure

Altered charge/mass ratio due to protein positive charge

Typically slower migration for glycoproteins, acidic proteins, 
basic proteins but some exceptions may be found



68.5 kDa

ASPN....

~ 62 kDa

68.5 kDa

63.3 kDa

KIKD...

A B

Example: MICAL-MOCH (pI 7-7.5)
In SDS-PAGE MICAL-MOCH showed a mass (62 kDa) lower than 
the expected one (68.5 kDa). Mass spectrometry after tryptic 
digestion led to the conclusion that the protein lacked part of the 
N-terminal domain

N-terminal sequencing, MALDI-TOF, mass spectrometry after 
chymotryptc treatment revealed that the protein was actually 
intact! Teresa Vitali, 2012



Protein integrity
- SDS-PAGE (proteolytic degradation but also anomalous 

migration)
- N-terminal sequencing 
- MALDI-TOF (Matrix Assisted Laser Desorption/Ionization‐Time of 

flight)
- Proteolytic digestion + mass spectrometry

(Optimization of) Protein stability
- Activity assays with protein preincubated under various 

conditions
- Thermofluor
- DLS 

- Limited proteolysis to determine flexible regions and 
conformationa changes



MALDI-TOF : the principle

Sample preparation: 
- high protein concentration but low amount (as low as 0.5 

pmol) in low concentration buffer/salts; 
- protein concentration/buffer exchange through precipitation 

and resolubilization and/or (e.g.) spun columns

Select matrix (will the protein fly?)



Example in

Test protein: 
β-galactosidase

Different matrices

2,5‐dihydroxybenzoic acid (DHB) +
α‐cyano‐4‐hydroxycinnamic acid (α‐CHCA) sinapinic acid (SA)

20 nmol 20 nmol

5 nmol 5 nmol



Protein integrity
- SDS-PAGE (proteolytic degradation but also anomalous 

migration)
- N-terminal sequencing 
- MALDI-TOF  (Matrix Assisted Laser Desorption/Ionization‐Time of 

flight)

(Optimization of) Protein stability
- Activity assays with protein preincubated under various 

conditions
- Thermofluor
- DLS 



Dynamic light scattering



Select your fractions  off gel filtration to remove aggregates 
and select the desired(?) oligomeric state of the protein (?)



DLS: change buffers, temperature and protein concentration to 
determine/optimize  stability 



Use DLS to follow kinetics of association/dissociation of protein:

Monitor the dimerization of AIF upon reduction with NADH by DLS

Apoptosis Inducing factor (AIF): 
Flavoprotein anchored to the inner 
mitichondrial membrane, facing the 
intermembrane space: unknown 
catalytic activity (if any) but essential 
for maintenance of Complex I and II 
(?); moonlights as apoptosis inducing 
factor. Very stable NADH reduced form 
(dimeric): a NADH sensor?



Thermofluor is easier than  Differential scanning calorimetry. 
It is a combination of old and new technologies

(Fluorescence emission enhancement of bound vs free fluorophor 
+ real-time PCR technology



Several Dyes can be used

The theoretical vs the actual trace





Bottom line: The optimization of buffer composition during purification 
leads to higher yields and higher quality protein preparations



anticorpo
digossigenin
a

biotina
streptavidina

Example: Use Thermofluor to characterize/stabilize HIV1 
protease monomeric variant to use to study folding/unfolding 

with molecular tweezers: introduce substitutions to obtain 
monomer and Cys at N and C-terminus to attach DNA handles

Martina Caldarini,  G. Tiana Dept of Physics, UniMI; C. Cecconi, UniMOdena



Optimize protein concentration, then test different conditions 
with different protein forms

Denatured even at low temperature



Thermofluor: a combination of old and new technologies

Exploiting an intrinsic chromophor: the 
case of flavoproteins in which  protein 
denaturation leads to loss of flavin 
fluorescence quenching



Color code: green, + SyproOrange; red , no  SyproOrange

Comparing denaturation curves of protein in the absence/ 
presence of dye reveals that the dye may alter protein behavior



Sample preparation and characterization

Structure-function studies require stable, reproducible, biologically 
active  and homogeneous protein preparations.

Critical steps:
- Expression 
- Purification
- Storage
- Protein concentration determination
- Cofactor/coenzyme content
- Chemical modifications
- Aggregation state
- Conformational changes 
- Protein ligands
- Biological activity determination



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. 

EP
k2

k3
E + S ES

k1

k4

E+P
k5

k6

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



For enzymes:
‐ Reliable Activity assays
‐ Linearity of v vs [E]?
‐ Michaelis‐Menten behaviour?
‐ Artifacts?
‐ Identification of coenzyme; stoichiometry

Substrates Products

v = -
d[S]

dt
= 

d[P]

dt



The Michaelis-Menten Equation.

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:

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, from V and V/K values as a function of pH, I, etc will 
give information on E and the catalytic mechanism



Substrates Products

v = -
d[S]

dt
= 

d[P]

dt

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



Example:
Monitor NAD(P)H oxidation (or NAD(P) reduction) in reactions 
catalyzed by dehydrogenases/reductases

NADPH + H+ + O2
MICAL

NADP+ + H2O2

Monitoring the entire spectrum 
can help troubleshoot: 
aggregation , precipitation of 
substrates/products; artifacts



D-alanine + O2 Pyruvate + ammonia + H2O2

LDH
L-lattato NADH + H+

NAD+

X

H2O
Xox

colored

Coupling the reaction of interest with an indicator reaction with 
substrates/products suitable for a spectrophotometric assay is 
very handy.

D-amino acid oxidase

For consecutive reactions:

A →B → C

If vB → C >> v A →B, then vA → C = vA →B

HRP

Depending on the products several indicator rxns can be used.



Amplex red Resorufin

H2O2 production is often measured by coupling it to Horseradish 
Peroxidase in the presence of Amplex red by fluorescence.

H2O2 H2O



NADPH

NADP+ O2

H2O2
MICAL

H2O

Amplex Red

Amplex Redox

HRP

Possible artifacts: The HRP coupled assay of MICAL-MO 
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Turnover number: 15.6 or 10.4/s by monitoring NADPH oxidation vs 8 
or 2.9/s  by monitoring Amplex red oxidation

Figure 5, PNAS, 2005

NADPH oxn

Amplex red oxn

Reconstruct assay from figure: 



Set up activity assays as described in Nadella et al. 2005 and find 
that:

NADPH

NADP+ O2

H2O2
MICAL

H2O

Amplex Red

Amplex Redox

HRP

- HRP, Amplex red and  H2O2 enhance  NADPH 
oxidation

- NADPH inhibits HRP

- NADPH lowers the amout of H2O2 detected at 
the end of the reaction

Cnclusions: 

- the spectrophotometric coupled assay cannot be 
used to assay MICAL NADPH oxidase activity

- Rather just measure NADPH oxidation at 340 nm



PNAS, 2005:

EGCG is a specific and potent  
noncompetitive inhibitor of mMICAL-MO 
with Ki, 0.5 mM: 

Terman et al., Cell 2001: Treatment of 
Dorsal Root Ganglion cells with the main 
green tea component (-) epigallocatechin
gallate EGCG mimics MICAL LOF mutants 
by acting as a specific inhibitor of MICAL-
MO function

MICAL controls axon growth in response to semaphorins binding 
to their Plexin receptor

Inhibition of MICAL removes axon growth inhibition

Inhibition of MICAL may promote nerve regeneration after spinal 
chrd injury

Conclusions: EGCG could be used as drug to promote axon regeneration



EGCGSM-216289

Effect (and structure) of (-) epigallocatechin gallate (EGCG) is 
very similar to the effect of xanthofulvin , a potent inhibitor of 
Sema3A, which has been shown to promote recovery form spinal 
cord injury in rats



ECGC  as a catecol
scavenges H2O2

NADPH

NADP+ O2

H2O2
MICAL

H2O

Amplex Red

Amplex Redox

HRP

The activity assay is critical to gather sound data

Quantitation of H2O2 (50 μM) with HRP/o-
dianisidine in the presence of EGCG
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EGCG causes MICAL 
denaturation as revealed by 
enzyme titration
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- NonCompetitive inhibition but Kis =  Kii = 17 µM >> 0.5 µM

- Excess inhibition at high NADPH due to enzyme denaturation?

By monitoring NADPH oxidation at 340 nm (no HRP, no dye but 
with hMICAL), EGCG is a much less potent inhibitor than 

previously reported



Dependence  of v from [ET]: deviations from linearity are informative

v

[E]

Most common behaviour

A tight binding inhibitor in the 
reaction mixture,

Monomer/dimer equilibrium and the 
monomer is inactive

Non-
enzymatic 
reaction

Reaction too fast to 
measure the initial 
velocity;

Monomer/dimer 
equilibrium; dimer 
is inactive
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Activity assays allow to monitor the dissociation of the HIV-1 
protease dimer.

+ 

v = kcat * [Dimer]

2 M

D (dimer, active)

Kd =
[M]2

[D]
[Etot] = 2*[D] + [M]
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Deviations from the Michaelis‐Menten equation
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MICAL-MO NADPH oxidase reaction is sensitive ionic strength 
and the type of anions:

Strong effect on V/KNADPH mainly due to effect on Km due to:

Buffer;
imidazol-chloride ( ), 
imidazol-acetate ( ),
Bis-Tris-acetate (●). 
Fit to Debye-Huckel equation

Buffer:
Hepes/NaOH buffer ( ), 
Tris-chloride ( )
Tris-acetate ( ). 

Competition between anions and NADPH Electrostatic effects

Design mixed buffer for pH studies to minimize ions and I effects



Effect of the pH on the NADPH oxidase 
activity of MICAL-MO and –MOCH at 

constant (low) ionic strength  

MICAL-MO MICAL-MOCH

Mixed buffers with constant ionic strength (□,○: acetate/imidazole/Tris, I = 10 mM; ■,●: formate/imidazole/Tris, I = 12.5 mM)
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N‐terminalMO‐like
domain

~ 500 residues

CalponinHomology
domain

~ 100 residues

LIM domain
56 residues

PKPP for Src
homology3 

(SH3) 
recognition

2xCoiled coil motifs
~ 140 residues

kcat varies only 2‐3 fold; limits at 
low and high pH  are >0

Km increases dramatically as the 
pH increases

We run assays at pH 7: a 
compromise also for NADPH 
stability



Deviations from the Michaelis‐Menten equation
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NADPH-GltS Fd-GltS

Glutamate synthase is complex Fe/S flavoprotein , essential for 
ammonia assimilation

As an amidotransferase the glutaminase site is connected to the 
synthase site by an intramolecular tunnel, and the glutaminase

site is activated only when 2-OG is bound to the synthase site and 
the cofactors are properly reduced. 

E978 (E1013 in FdGltS) is well positioned to signal the presence of 
2-OG to the glutaminase and to the tunnel entrance: E-to-D/N/A 

substitutions
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mM 2OG

Vary 2OG @ 2.5 
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E1013D/FdGltS: 

Coupled but sigmoid kinetics when L-Gln is 
varied at fixed (high) 2-OG

Sigmoid kinetics cannot be explained with a 
“classical” allosteric effect because SAXS told us that 
FdGltS is monomeric.

2-OG + e-

Inactive

Partially active?

2-OG

L-Gln

Active

2-OG

L-Gln

2-OG + e-

L-Gln

2x L-Glu

Data are consistent with one of the 
several Schemes leading to sigmoid 
kinetics in monomeric enzymes: two-
step activation process 

(Segel, Enzyme kinetics, 1978, Wiley)
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Protein overproduction in heterologous host: 
some useful references
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Decreasing the number of Lys‐NH3
+ by 

acetylation decreases the amount of bound 
SDS



Basic Proteins: a world apart?



Use of Dynamic light scattering to characterize and optimize 
buffer conditions




