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Rhomboids make do with a weak hydrogen bond
Caitlin Sedwick

JGP paper explores the strength of the hydrogen bond network at the active site of GlpG.

Rhomboids are proteases that specifically
cleavemembrane proteins, a process that can
result in release of various growth factors
and transcription factors, and even activation
of other enzymes (1). Although rhomboids
are related to the larger class of serine pro-
teases, their rate of catalysis is unusually
slow (2). In a new JGP paper, Gaffney and
Hong investigate the bacterial rhomboid
protease GlpG, providing important insight
into how this class of protease functions (3).

Serine proteases are so named because
the region that performs catalysis, the active
site, contains the amino acid serine. This
amino acid residue carries out a nucleophilic
attack that severs the peptide bond making
up the backbone of target proteins. Simply
possessing serine does not make a protein
into an enzyme, though; serine needs help to
become capable of nucleophilic attack.

“The first step in proteolysis is the serine
residue is activated by certain nearby residues,
most often a histidine residue. The histidine’s
nitrogen atom pulls the hydrogen in serine’s
hydroxy group strongly so that the oxygen in
the serine residue becomes a better nucleophile
and can better attack a peptide bond,” explains
Dr. Heedeok Hong, an associate professor in
chemistry at Michigan State University.

The hydrogen bond formed between ser-
ine and histidine is therefore crucial for ca-
talysis. Many serine proteases possess a third
amino acid in their active site, an aspartate
residue that assists with catalysis and par-
ticipates in forming a tight hydrogen bond
network. However, rhomboids only contain
a serine–histidine dyad (1, 4). The strength of
the hydrogen bond between these residues,
and how proteolysis occurs, is unknown.

Hong’s laboratory is primarily interested in
the process by whichmembrane proteins fold
into their final, functional shape. However,

Hong and graduate student Kristen Gaffney
realized that tools developed to study protein
folding could also be used to probe a rhom-
boid protease’s active site.

The authors used a method called steric
trapping (5) in which a protein is labeled with
a pair of small biotin tags that bind bulky
streptavidin probes. The tags are placed so
that simultaneous binding of two probes only
occurs when the protein has become un-
folded. This technique allows analysis of
protein folding under native conditions and
without use of chemical denaturants.

Gaffney and Hong combined this with a
mutational approach called double mutant
cycle analysis, in which the individual ef-
fects of two single mutations are compared
with that of having both residues mutated
simultaneously. The authors investigated
the strength of interaction between GlpG’s
active site hydrogen bond residues by mu-
tating them to alanine (which cannot par-
ticipate in hydrogen bonding) and assessing
their effect on protein stability via steric
trapping. These experiments showed that
GlpG’s active site hydrogen bond is sur-
prisingly weak: around 1 kilocalorie per
mole, compared with 5–7 kilocalories per
mole for other serine proteases.

“That may be partly responsible for the
slow proteolysis reaction mediated by
rhomboid proteases,” theorizes Hong.

Gaffney and Hong were also curious about
how GlpG’s hydrogen bond affects the pro-
tein’s structure overall. To assess this, they
positioned steric trapping affinity tags at dif-
ferent positionswithin GlpG, then investigated
whether mutations in the active site hydrogen
propagate to distant sites. The results suggest
that mutations at the active site are strongly
propagated throughout the protein.

“We conclude that the hydrogen bonding
network is not just important for function.
Those highly conserved interactions might
have evolved for communication between
different parts of the protein,” says Hong.

Although Gaffney and Hong studied GlpG
folding in detergent, Hong thinks steric
trapping may enable studies of protein
folding within lipid bilayers—a technically
challenging problem that few groups have
attempted. “We are currently working on
that,” he says.
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Kristin Gaffney (left) and Heedeok Hong (center) studied the hydrogen bond between serine and histidine at
the active site of the bacterial rhomboid protease GlpG (ribbon diagram at right; water molecules depicted in
blue). Photos courtesy of the authors.

.............................................................................................................................................................................
csedwick@gmail.com.

© 2019 Rockefeller University Press. This article is distributed under the terms of an Attribution–Noncommercial–Share Alike–No Mirror Sites license for the first six
months after the publication date (see http://www.rupress.org/terms/). After six months it is available under a Creative Commons License
(Attribution–Noncommercial–Share Alike 4.0 International license, as described at https://creativecommons.org/licenses/by-nc-sa/4.0/).

Rockefeller University Press https://doi.org/10.1085/jgp.201912334 274

J. Gen. Physiol. 2019 Vol. 151 No. 3 274

D
ow

nloaded from
 http://rupress.org/jgp/article-pdf/151/3/274/1799657/jgp_201912334.pdf by guest on 06 D

ecem
ber 2025

http://orcid.org/0000-0001-9984-047X
https://doi.org/10.1085/jgp.201812047
https://doi.org/10.1085/jgp.201812047
https://doi.org/10.1085/jgp.201912334
https://doi.org/10.1085/jgp.201912334
mailto:csedwick@gmail.com
http://www.rupress.org/terms/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1085/jgp.201912334
http://crossmark.crossref.org/dialog/?doi=10.1085/jgp.201912334&domain=pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /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 /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


