Enzymati c Assay of NI TRI C OXI DE SYNTHETASE
(EC 1.14.13.39)

PRI NCI PLE:

Nitric Oxide Synthetase

L-Argi nine + B-NADPH + O > Citrulline + NO + R- NADP

Ca2+, Tetrahydrobi opterin, Calnodulin

Abbr evi ati ons used:
3- NADPH = - Ni coti nam de Adeni ne Di nucl eoti de Phosphate,

Reduced Form

3- NADP = - Ni coti nam de Adeni ne Di nucl eoti de Phosphat e,

Oxi di zed Form

CONDITIONS: T = 37°C, pH= 7.3

METHQOD:

HPLC Anal ysis of Products

REAGENTS:

A

Revi sed:

80 mM HEPES Buffer with 1.0 nM

Et hyl enedi am netetraacetic Acid and 1.5 mM Cal ci um
Chl oride, pH 7.3 at 37°C

(Prepare 100 m in deionized water using HEPES, Free
Acid, Sigma Prod. No. H- 3375,

Et hyl enedi am netetraacetic Acid, Tetrasodium Salt,
Hydrate, Sigma Stock No. ED4SS and Cal ci um Chl ori de,
Di hydrate, Sigma Prod. No. C-3881. Adjust to pH 7.3
at 37°Cwith 1 M NaOH.)

Cal modul i n Sol uti on (CaM

(I mmedi ately before use, prepare a solution
cont ai ni ng 5000 units/mM of Phosphodi esterase
3':5" -Cyclic Nucleotide Activator (Cal nodulin),
Sigma Prod. No. P-2277, in cold Reagent A.)

20 mM pL-Dithiothreitol Solution (DTT)
(Prepare 5 mM in Reagent A using pL-Dithiothreitol,
Sigma Prod. No. D-0632.)

1.0 mM Tetrahydrobi opterin Sol ution (THB)

(I mredi ately before use, prepare 10 ml in Reagent A
using (6R)-5,6,7,8-Tetrahydrobi opterin,

Di hydrochl oride, Sigma Prod. No. T-4425. Prepare

01/ 05/ 96 Page 1 of 5



Fresh, Keep on lce.)
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Enzymati c Assay of NI TRI C OXI DE SYNTHETASE
(EC 1.14.13.39)

REAGENTS: (conti nued)

E

Revi sed:

10 uM Citrulline Standard Solution (Cit Std)
(Prepare 10 mM in Reagent A using rL-Citrulline, Sigm
Prod. No. C-7629.)

1.0 mM Fl avin Adeni ne Di nucl eoti de Sol uti on (FAD)
(Prepare 10 mM in Reagent A using Flavin Adenine
Di nucl eoti de, Disodium Salt, Sigma Prod. No. F-6625.)

3.4 mM L-Argi nine Solution (L-Arg)
(Prepare 10 mM in Reagent A using L-Arginine,
Hydrochl ori de, Sigma Prod. No. A-5949.)

3.0 MM Ni coti nam de Adeni ne Di nucl eoti de Phosphat e,
Reduced Form Sol uti on ( NADPH)

(Prepare 10 mM in Reagent A using Nicotinam de Adeni ne
Di nucl eoti de Phosphate, Reduced Form Tetrasodi um
Salt, Sigma Prod. No. N-1630.)

100% (v/v) Methanol (MeOH)
(Use Met hanol, Absolute, Sigma Stock No. 17-5.)

10 nmM Sodi um Phosphate and 10 mM Tri et hyl am ne Buffer,
pH 5.0 at 37°C (Buffer A)

(Prepare 1 L in deionized water using Sodium
Phosphat e, Di basic, Anhydrous, Sigma Prod. No. S-0876,
and Triethylam ne, Sigma Prod. No. T-0886. Adjust to
pH 5.0 at 37°Cwith 1 MHC or 1 M NaCH. Bef or e usi ng,
filter through a 0.22 pmfilter.)

Acetonitrile (Buffer B)
(Acetonitrile, Sigm Stock No. 27,071-7.)

o- Pht hal di al dehyde Reagent Sol ution (OPA)
(Use o-Pht hal di al dehyde Reagent Sol uti on Conpl et e,
Si gma Prod. No. P-0532.)

Nitric Oxide Synthetase Enzynme Sol ution

(I medi ately before use, prepare a solution containing
40 - 50 units/m of Nitric Oxide Synthetase in cold
Reagent A.)
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Enzymati c Assay of NI TRI C OXI DE SYNTHETASE
(EC 1.14.13.39)

PROCEDURE:
Pipette (in milliliters) the foll owi ng reagents into
sui tabl e cont ai ners:
Test Bl ank

Reagent A (Buffer) 1.95 1.75
Reagent B (CaM 0. 20 0. 20
Reagent C (DTT 0. 20 0. 20
Reagent D ( THB) 0. 20 0. 20
Reagent F ( FAD) 0. 05 0. 05

M x by inversion and equilibrate to 37°C. Then add:
Reagent M (Enz Sol n) .10  ------
Reagent A (Buffer)  ------ 0. 10

I ncubate at 37°C for 30 - 60 seconds. Then add:
Reagent G (L-Arg)*’ 0.10 0.10
Reagent H (NADPH)*' 0.20 0. 20

I medi ately m x by inversion and incubate for exactly 10

m nutes at 37°C.

After incubating for 10 m nutes, pipette 0.5 m of the
Test and Blank into a 2 ml Eppendorf tube containing 0.5
m of ice cold Reagent I (Methanol). Store on ice.
Prepare Citrulline Standards by pipetting (in mlliliters)
the follow ng reagents into 2 m Eppendorf tubes:

Std
_Std1 _std2 _std3 _std4 _stdb5 _Std 6 _Blank
Dei oni zed \Wat er 0. 49 0. 45 0. 40 0. 30 0.20 - 0. 50
Reagent E (Cit Std) 0.01 0. 05 0. 10 0. 20 0. 30 0. 50
Reagent | (MeOH) 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50

Store on ice.
preci pitates.

Centrifuge all sanples to renpve any

01/ 05/ 96 Page 4 of 5

Revi sed:



Enzymati c Assay of NI TRI C OXI DE SYNTHETASE
(EC 1.14.13.39)

PROCEDURE: (conti nued)
Step 2:
HPLC anal ysis of OPA derivatized sanpl es:

1. Colum: Supelcosil LC-18, Supelco Catal og No. 5-8230,
4.6 x 150 nm C18, S5um particle size.

Mobi | e Phase: Equilibrate the colum with 5% Buffer B
at 1.O mM/mn. Run a linear gradient of 5 - 15%
Buffer B over 10 m nutes, followed by 15 - 100% Buffer
B over

3 mnutes. Hold at 100% Buffer B for 5 m nutes.
Re-equilibrate the colum for 15 mnutes with 5%
Buffer B. The gradi ent may need adjusting as the

col umm ages.

Detection: Use fluorescence detection at an
excitation wavel ength of 340 nm and an em ssi on
wavel ength of 455 nm

2. Warma 10 ml aliquot of Reagent L (OPA) to room
tenperature (23°C).

3. Set up auto sanpler to dispense 0.1 m Reagent L (OPA)
into 0.1 m of sanple in a HPLC vial. |If auto sanpler
s not avail able then, accurately add 0.1 m Reagent L
(OPA) solution to 0.1 m of the sanple to be assayed.

Mx for 1 mnute, immediately inject 20 ul of
derivati zed sanmple onto the HPLC colum. This
reaction is carried out at roomtenperature. All of
the reaction tinmes need to be consistent with OPA +
Sanpl e before each injection. The OPA reagent w |
react with the primary am no acid(s) and the
derivati zed product detected by fluorescence. NOTE:
Ammoni a, Proline and Cysteine are not detected by OPA.

4. Inject blank then standards of Citrulline and sanples.
A conparison can then be made between standard curve
of Citrulline and Citrulline generated fromthe sanple
reaction.

CALCULATI ONS:
(nmol es of citrulline)(df)(3)

(0.1) (10)

Units/m enzyme =

f = Dilution factor
i [liliters) of assay
n liliter) of enzyme used

= n
.1 = Volume (in m|l
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BGates


10 = Time (in mnutes) of assay as per the Unit Definition
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Enzymati c Assay of NI TRI C OXI DE SYNTHETASE
(EC 1.14.13.39)

CALCULATI ONS:

units/m enzyme
Units/ng solid =
ng solid/m enzyne

units/m enzynme
Units/ng protein =
ng protein/m enzyme

UNI T DEFI NI TI ON:

One unit will convert 1.0 nmole of arginine to citrulline
per m nute at pH 7.3 at 37°C

FI NAL ASSAY CONCENTRATI ON:

na300mM reaction mx, the final concentrations are
0O mM HEPES, 1 nM et hyl enedi am netetraacetic acid,

mM cal ci um chl ori de, 1000 units cal noduli n,

MM pL-dithiothreitol, 0.07 mM tetrahydrobiopterin,
2 MM flavin adeni ne dinucl eotide, 0.1 mM argini ne
0.2 mM - ni coti nam de adeni ne di nucl eoti de phosphate,
reduced form and 4 - 5 units nitric oxide synthetase.

I
8
1.5
1.3
0.0
REFERENCE:
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Sugimura, T., and Esum, H (1992) Bi ochem cal and

Bi ophysi cal Research Conmmuni cations 183, 238-244

Bredt, D.S. and Snyder, S.H (1990) Proceedi ngs National
Acadeny of Sciences, USA, 87, 682-685

NOTES:

1. Reagent G (L-Arg) and Reagent H (NADPH) shoul d be
prewarned to 37°C before adding to the reaction.

2. This assay is based on the cited references.

3. Were Sigma Product or Stock numbers are specified,
equi val ent reagents may be substituted.

This procedure is for informational purposes. For a current copy of Sigma’s quality control
procedure contact our Technical Service Department.
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