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Sugar-Processing Enzymes

Case History CH3

Chemical Biological Methods for Understanding the Mechanism of Sugar-Processing

Enzymes

Nature 1965, 206, 757; Proc Natl Acad Sci USA 1967, 57, 483; Nature 2001, 412, 835

Introduction & Hypothesis

* Lysozyme HEWL is an enzyme found in large
quantities in hen egg white. It degrades
peptidoglycan in the cell wall of gram positive
bacteria. The key residue it acts upon is an N-
acetyl glucosaminide and so HEWL is a
glycosidase (see M3)

« HEWL was the first protein for which a high
resolution (2A) x-ray structure was determined
and in 1967 a mechanism was proposed by
Phillips that invokes a glycosyl oxonium
intermediate consistent with an Sy1 mechanism
for the hydrolysis of an acetal (Path B).

* However such oxoniums are shortlived and so
many have speculated as to whether such a true
cationic intermediate could really be intercepted
directly by water. It has been proposed that the
cation is stabilized as an ion-pair with eg a Glu
side chain.

* Other mechanisms (M3) can be proposed (eg
Path A) that involve a glycosyl-enzyme
intermediate.

* kuw/kp > 1 which suggests that in the RDS/RLS a
less crowded TS.
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intermediate trapping, mutant enzymes and crystallography to see if they could trap the

intermediate and prove its structure.

Method Development

- If Path A was correct then it should be possible to trap the intermediate by slowing down the 2™
step — the hydrolysis of the glycosyl ester by water. 2 approaches were tried:
i) using a mutant enzyme E35Q (but is similar in size of side chains) that lacks the general
acid/base — without the GB then the rate of water attack (ks step) would be lowered
ii) using an altered sugar substrate that will create a less reactive glycosyl ester that will
react more slowly with water in the ks step, even with the GB present.

* A 2-fluoro-2-deoxy derivative probe was designed.
The electronegative F destabilizes the TS (which has
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significant developed positive charge) both to and —Ho=—~=—{g 0oy  NOmalsubstiatetype
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(more importantly) from the glycosyl-enzyme AcHN

intermediate. The anomeric F however compensates OH oH

in the first step by providing a better leaving group Ha&O&F

than OR.

probe designed to trap
intermediate
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Trapping of the Intermediate

« Mass spectrometry of the enzymes and probes
and substrates was used to see if trapping could
be observed.

» The use of both mutant and probe was needed
to slow ks step enough to allow a high-enough
steady state occupation for crystallography.

» The structure determined not only shows the
intermediate but shows how formation of this
resulting glycosyl enzyme intermediate requires
dramatic conformational boat->chair movement
from the Michaelis complex.

Relative intensity

My 14,315

b My 14,719

My 14,314

Mr 14,316
My 14,683

My 14,683

ol

14,000 14,500 15,000
My

Asp 52

e T

My 14,315 HEWL

HO 0 OH
HO 0 0,
Acin  HO
AcHN
0.

10]

My 14,720
HEWL(E35Q)
OH
HO 0 OH
HO 0 0
AcHN MO ¥
00
M 14,684 Y
HEWL
OH
o o OH
HO O,
AcHN  HO
Fé o
My 14,684

HEWL(E35Q)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


