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ELECTRONIC SUPPORTING INFORMATION

Engineering of an enantioselective tyrosine
aminomutase by mutation of a single active site

residue in phenylalanine aminomutase

Bian Wu, Wiktor Szymanski, Hein J. Wijma, Ciprian G. Crismaru, Stefaan de

Wildeman, Gerrit J. Poelarends, Ben L. Feringa, Dick B. Janssen.*

Experimental Section
Chemicals

(S)-a-phenylalanine was obtained from Sigma-Aldrich-Fluka. (S)-a-tyrosine was
purchased from J. T. Baker Chemicals. (S)-f-phenylalanine, (R)-a-phenylalanine and
(R)-p-tyrosine were synthesized by Peptech. corp. (R,S)-f-tyrosine was from

Innochemie GmbH.
Construction of the PAM mutants

The C107H/F/S mutants of PAM were generated using the mega-primer
method and the coding sequence for PAM in plasmid pBAD-His-PAM as the
template. In the first stage of PCR, the mega-primer was made by using the primer
C107H: 5’-CCTGATCCGTCATCTGCTGGCCGGCGTGTTCACC-3, C107F: 5'-
CCTGATCCGTTTTCTGCTGGCCGGCGTGTTCACC-3 or C107S: 5’
CCTGATCCGTAGCCTGCTGGCCGGCGTGTTCACC-3, with the mutated codon
underlined, and the primer 5-AACGGTAGACGCAACTGCAGTAG-3’ (designated
Pstl reverse primer). In the second stage of PCR, the mega-primer was used in
combination with primer 5’-CGCGCGGCAGCCATATGGGTTTC-3’ (designated
Ndel forward primer) to amplify the full length mutant gene. When the second PCR
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was finished, 10 units of Dpnl was added directly to the PCR mixture and the mixture
was incubated at 37 °C for 2 h to remove the template DNA. The final PCR product
was purified, digested with Ndel and Pstl, and ligated into the Ndel/PstI treated
pBAD-His vector. The ligation mixtures were transformed into competent E. coli
TOP10 cells and transformants were plated on LB plates with ampicillin. All mutant
constructs were confirmed by sequencing the region between the Ndel and PstI sites.

All primers were supplied by Sigma-Aldrich.

Expression and purification of the PAM mutants

The PAM mutants were produced in E. coli TOP10 using the pBAD
expression system (Invitrogen). Fresh TOP10 cells containing the appropriate
expression plasmid were used to inoculate 10 mL of LB medium containing 50 pg/ml
ampicillin (LB/Amp medium). After overnight growth at 37 °C, 10 mL of the culture
was used to inoculate 1 L of LB/Amp medium. Cultures were grown to an ODgg of
0.5 at 37 °C with vigorous shaking and then induced with arabinose (0.002% (w/v)
final concentration). Incubation was continued for 20 h at 17 °C. Cells were harvested
by centrifuging at 5000 g for 20 min, washed with 50 ml of buffer A (20 mM Tris-
HCI buffer, pH 8.0, 20 mM imidazole, 0.5 M NaCl) and suspended in 50 ml of the
same buffer. Cells were disrupted by sonication, after which unbroken cells and debris
were removed by centrifugation (15,000 g, 60 min). All steps were performed at 4 °C.
PAM was purified by Ni-based immobilized metal affinity chromatography column
using an AKTA system (Amersham). After washing with 20 mM and 60 mM
imidazole, the bound protein was eluted with 200 mM imidazole. Fractions containing
PAM were desalted and concentrated to 8 mg/ml in storage buffer (20 mM Tris-HCl,
50 mM NaCl, 2 mM EDTA, 1 mM DTT, 25% glycerol, pH 8.0). The purified enzyme
was flash-frozen in liquid nitrogen and stored at -80 °C until further use. The purity of
the protein was analyzed by SDS-PAGE and the protein concentration was

determined by the Bradford assay.
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Determination of aminomutase activity

The mutase activity of PAM mutants was determined by monitoring the
production of f-amino acids upon incubation with the corresponding a-amino acids.
Incubation mixtures contained a-phenylalanine or a-tyrosine (0.002 mM to 0.2 mM),
Tris-Cl buffer (50 mM, pH 8.0), and purified PAM mutants (0.08 mg). At different
times, samples (34 pl) were taken from the reaction mixture and quenched by adding
HCI (2 M, 18 pl) with cooling on ice for 5 min. The pH was re-adjusted to 8.0 by
adding small aliquots of an aqueous KOH solution. The reaction mixture was directly
loaded onto the HPLC system.

A Thermo aquasil C18 5u column (5 um, 250 mm x 4.6 mm) was used for
analytical separation of a- and f-phenylalanine/tyrosine. The solvents were phosphate
buffer (50 mM, pH 3.0) (eluent A) and HPLC pure CH3CN (eluent B). The flow rate
was 1 ml/min. The elution gradient was formed as follows: start with 98:2 for 15 min,
in 10 min from 98: 2 to 50: 50, and from 50: 50 to 98:2 from 25 min to 40 min. The
analyses were carried out at 20 °C, with detection at 210 nm. The initial rates were
plotted against the substrate concentrations fitted to the Michaelis-Menten equation to

obtain the kinetic parameters.

Product identification of ammonia addition reaction

Reaction mixtures contained 4-hydroxycinnamic acid (3 mM), ammonia (6
M, pH 10), and PAM-C107S mutant (0.3 mg/ml). Reactions were initiated by the
addition of enzyme, incubated at 30 °C, and quenched by heating for 5 min at 99 °C.
The reaction mixtures were directly loaded on A Thermo aquasil C18 5u column (5
pum, 250 mm x 4.6 mm). HPLC analysis was identical to the method used for

determination of aminomutase activity.

Analysis of the stereochemistry of p-tyrosine products by chiral HPLC.

The stereochemistry of PAM mutants was determined by monitoring the
production of f-tyrosine upon incubation with a-tyrosine. Incubation mixtures
contained 0.2 mM a-tyrosine, 50 mM Tris-ClI buffer (pH 8.0), and 0.08 mg of purified

PAM mutant. Analysis was carried out on a Crownpak CR (+) (4 mm x 150 mm)
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column. Compounds were eluted isocratically with HC1041in 15% MeOH (pH 3.0)
with UV detection at 210 nm. The flow rate was 0.3 ml/min and the temperature of
the column was maintained at -5 °C. The retention time for (R)-j-tyrosine, (S)-a-

tyrosine and (S)-f-tyrosine are 39 min, 44 min and 50 min respectively.




<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


