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EXPERIMENTAL SECTION 

Chemistry and CA Inhibition 

Phenyl hydroxamate 4 has been prepared by the routine procedure, by reacting benzoyl chloride 

with hydroxylamine in the presence of triethylamine.1,2 

An Applied Photophysics stopped-flow instrument has been used for assaying the CA catalysed 

CO2 hydration activity.3 Phenol red (at a concentration of 0.2 mM) has been used as indicator, 

working at the absorbance maximum of 557 nm, with 20 mM Hepes (pH 7.5) as buffer, and 20 

mM Na2SO4 (for maintaining constant the ionic strength), following the initial rates of the CA-

catalyzed CO2 hydration reaction for a period of 10-100 s. The CO2 concentrations ranged from 

1.7 to 17 mM for the determination of the kinetic parameters and inhibition constants. For each 

inhibitor at least six traces of the initial 5-10% of the reaction have been used for determining the 

initial velocity. The uncatalyzed rates were determined in the same manner and subtracted from 

the total observed rates. Stock solutions of inhibitor (0.1 mM) were prepared in distilled-deionized 

water and dilutions up to 0.01 nM were done thereafter with the assay buffer. Inhibitor and 

enzyme solutions were preincubated together for 15 min at room temperature prior to assay, in 

order to allow for the formation of the E-I complex. The inhibition constants were obtained by 

non-linear least-squares methods using PRISM 3, as reported earlier,4,5 and represent the mean 

from at least three different determinations. All CA isofoms were recombinant ones obtained in-

house as reported earlier.6-8 

Human purified MMPs (MMP-2, and MMP-8) were purchased from Calbiochem (Inalco, Milano, 

Italy). They were activated in the assay buffer by adding bovine trypsin (from Sigma, 50 L, 0.6 

mg/mL) to the proenzyme, followed by incubation at 37 °C for 10 min. The trypsin was then 

inactivated with aprotinin (50 L, 1.2 mg/mL). Initial rates for the hydrolysis of the thioester 

substrate AcProLeuGly-S-LeuLeuGlyOEt, coupled to the reaction with 5,5-dithiobis(2-
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nitrobenzoic acid), were used for assessing the catalytic activity and inhibition of the two MMPs 

mentioned above, as reported earlier.1 The change of absorbance (� epsilon = 19 800 M-1 cm-1) at 

405 nm was monitored continuously at room temperature, using a Cary 3 spectrophotometer 

interfaced with a PC. A typical 100-L reaction contained 50 mM MES, pH 6.0, 10 mM CaCl2, 

100 M substrate, 1 mM 5,5-dithiobis(2-nitrobenzoic acid) and 5 nM MMP. For the KI 

determinations, DMSO solutions of the inhibitor were included in the assay, resulting in a final 

concentration of 2% DMSO in the reaction mixture. In these conditions, KI values varied from 5-

10% in replicate experiments. KI’s were then determined by using Easson-Stedman plots and a 

linear regression program, as reported earlier.1 

 

Crystallization, X-ray data Collection and refinement 

Crystals of hCA II in complex with N-(Hydroxy)-benzamide 4 have been obtained by soaking 

techniques. In particular, enzyme crystals were grown at room temperature by the vapor diffusion 

hanging drop method. Equal volumes of protein (10 mg/ml in 0.1 M TRIS-HCl pH 8.5) and of a 

solution containing 2.4 M ammonium sulphate, 0.3 M sodium chloride, 0.1 M Tris-HCl, pH 8.6 

and 5 mM 4-(hydroxymercurybenzoate) were mixed and equilibrated against a 500 microliters 

reservoir containing the same precipitant solution. A few hCA II native crystals were then 

transferred in a 2 l drop of freshly prepared precipitant solution containing also the inhibitor at 

the concentration of 20 mM. These crystals were kept in the soaking solution for about one hour, 

and then were transferred to the cryoprotectant (15% glycerol) and flash-frozen in N2. A complete 

dataset was collected at 1.85 Å resolution by copper rotating anode generator developed by 

Rigaku and equipped with Rigaku Saturn CCD detector, at 100K. Data were processed using the 

HKL crystallographic data resolution package.9 The crystal symmetry corresponds to the P21 

space group with unit cell dimensions of a=42.16 Å, b=41.50Å, c=71.99Å and =104.39°. Data 

collection statistics are reported in Table S1. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



4 
 

The atomic coordinates of native hCA II (PDB accession code 1CA2)10 less solvent molecules 

were used as starting model for refinement with CNS.11 An initial round of rigid body refinement 

followed by simulated annealing and isotropic thermal factor (B-factor) refinement was 

performed.11 The analysis of electron density maps in correspondence of the active site region 

after this single round of refinement showed the presence of an inhibitor molecule, which was 

easily built into the model. The geometry of metal-ligand interaction of hCA II-4 adduct was 

treated applying restraints in refinement. In particular, the information on bond lengths were 

derived from accurately determined structures of small-molecule crystals in the Cambridge 

Structural Database.12,13 Many cycles of manual rebuilding and positional and temperature factor 

refinement were necessary to reduce the crystallographic Rfactor and Rfree values (in the 20.00–

1.85 Å resolution range) to 0.163 and 0.203, respectively. Statistics for refinement are summarized 

in Table S1. Coordinates and structure factors have been deposited in the Brookhaven Protein 

Data Bank (Accession code 4FL7). 
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Table S1 Crystal parameters, data collection and refinement statistics 

Cell parameter 

Space group P21 

a (Å) 42.16 

b (Å) 41.50 

c (Å) 71.99

 (°) 104.39 

Data collection statistics 

Resolution (Å) 20.00-1.85 

Temperature (K) 100 

Total reflections 60270 

Unique reflections 19721 

Completeness (%) 94.7 (78.4) 

R-merge* 0.046 (0.067) 

Mean I/sigma(I) 19.70 (12.05) 

Refinement statistics 

Resolution (Å) 20.00-1.85 

R-factor** (%) 16.3 

R-free** (%) 20.3 

rmsd from ideal geometry:  

Bond lengths (Å) 0.009 

Bond angles (°) 1.5 

Number of protein atoms 2069 

Number of inhibitor atoms 10 

Number of water molecules 301 

Average B factor (Å2) 12.6

* Rmerge = hkli|Ii(hkl)-<I(hkl)>|/hkliIi(hkl), where Ii(hkl) is 
the intensity of an observation and <I(hkl)> is the mean value 
for its unique reflection; summations are over all reflections. 

**Rfactor = h||Fo(h)|-|Fc(h)||/h|Fo(h)|, where Fo and Fc are the 
observed and calculated structure-factor amplitudes, 
respectively. Rfree was calculated with 5% of the data excluded 
from the refinement. Values in parenthesis are referred to the 
highest resolution shell (1.92-1.85 Å). 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


