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Abstract

Gingipain proteases are important virulence factors from the periodontal pathogen
Porphyromonas gingivalis and are the target of many in vitro studies. Due to their close
biochemical properties, purification of individual gingipains is difficult and requires multiple
chromatographic steps. In this study, we demonstrate that insertion of a hexahistidine affinity tag
upstream of a C-terminal outer membrane translocation signal in RgpB gingipain leads to the
secretion of a soluble, mature form of RgpB bearing the affinity tag which can easily be purified
by nickel-chelating affinity chromatography. The final product obtained in high yielding and high
purity is biochemically indistinguishable from the native RgpB enzyme.
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RgpB belongs to a group of cysteine endoproteases, the gingipains, that are unique to the
periodontal pathogen Porphyromonas gingivalis. Being an asaccharolytic, anaerobic Gram-
negative bacterium adapted to reside within the crevice between the teeth and the gums in
humans, the organism is highly dependent on its proteases to obtain proteinaceous nutrients
for growth. The gingipains account for the majority (85%) of the general proteolytic activity
detectable in this organism and have also been implicated as important virulence factors in
many studies (Potempa et al., 1997). Together, they have been reported to be essential for
many stages of the host infection process including: bacterial attachment to host cells;
degradation of intercellular adhesion molecules for tissue invasion; promoting inflammation

“Corresponding authors: f.veillard@ibmc-cnrs.unistra.fr, kyanhn@gmail.com.
Present address: Institut de Biologie Moléculaire et Cellulaire, UPR9022 CNRS, 37000 Strasbourg, France
These authors contributed equally to this study and share first authorship.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Veillard et al.

Page 2

and bleeding through activation and degradation of factors of the complement, kinin and
coagulation cascades, and dysregulation of the host’s immune response through degradation
of cytokines and their receptors. Furthermore, they partake in the acquisition of iron and
haem through degradation of haemoglobin (Guo et al., 2010; Imamura, 2003; O’Brien-
Simpson et al., 2009).

There are three members to the gingipain family: RgpA and RgpB hydrolyse Arg-Xaa while
Kgp cleaves Lys-Xaa peptide bonds (Veillard et al., 2012). Gingipains are encoded by three
genes: rgpA, rgpB and kgp at separate loci in the P. gingivalis genome. While RgpB is a
single chain protease, RgpA and Kgp are assembled into multifunctional and non-covalent
complexes, composed of the catalytic domain and several hemagglutinin/adhesin domains
(Sztukowska et al., 2012). All three enzymes undergo complex post-translational processing
and modification steps before being secreted outside the cell to mediate various functions.
The newly translated products are translocated through the inner membrane via signal
peptide targeting to the Sec machinery. Subsequently, the N-terminal pro-domains, acting as
catalytic inhibitors, are removed through a 2-step process (de Diego et al., 2013;
Mikolajczyk et al., 2003; Veillard et al., 2013) and the maturing enzymes are targeted by
their C-terminal domains (CTD) to a newly described Type 9 Secretion System (T9SS) for
translocation through the outer membrane (Nguyen et al., 2007; Sato et al., 2009; Shoji et
al., 2011). As part of the maturation process, the CTDs are cleaved off and glycan
attachment to the peptide backbone serves to affix the proteases to the outer leaflet of the
outer membrane (Glew et al., 2012; Paramonov et al., 2005).

Being important virulence factors for P. gingivalis, the gingipains have been the target of
many in vitro and in vivo studies. Towards this aim, producing sufficient amounts of pure
enzyme for study is critical. Purification of the native forms of the gingipains has been
difficult as in most strains, the proteases are attached to the cell surface by glycan
modification during maturation and purification inevitably requires the use of detergents
with variable results of the purified product, including co-purification of lipopolysaccharide
from the outer membrane. Fortunately, one laboratory strain, HG66, has spontaneously
mutated in vitro to release all gingipains into the growth medium and researchers in the
gingipain research community have relied on this mutant as a source of soluble gingipains
for purification (Eichinger et al., 1999; Shoyji et al., 2014). However, purification of soluble
gingipains is not a simple process and includes concentrating the protein component of the
media fraction by acetone precipitation followed by gel filtration and arginine-affinity
chromatography. For RgpB, additional ion exchange and arginine-affinity chromatography
steps are required to remove the co-purifying hemin pigment contamination (Potempa and
Nguyen, 2007).

To circumvent the complex purification protocol of native gingipains, many laboratories
around the world have also tried to produce gingipains recombinantly with affinity tags for
ease of purification but all have met with little success. RgpB has been reported to be
functionally expressed in a yeast host but the yield was only 10-20 ug/L of culture
(Mikolajczyk et al., 2003). The probable reason is that gingipains are probably too toxic to
be expressed in heterologous hosts due to the low specificity of substrate recognition. In this
manuscript, we present work detailing the development and purification of recombinant,
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affinity-tagged soluble RgpB expressed within P. gingivalis itself and carried out a
comprehensive characterisation of its behaviour to compare it to that of the wild-type RgpB.

Affinity tag chromatography is a powerful technique widely used to purify recombinant
proteins expressed in homo- or heterologous hosts. The most commonly used approach is
the insertion of an affinity motif at one extremity of the recombinant protein for accessibility
to affinity purification matrix. This strategy was used to tag RgpB with 6xHis residues for
expression within P. gingivalis itself to ensure proper folding and maturation of the protein.
Because both the N-terminal inhibitory pro-fragment and CTD domains of RgpB are
cleaved off during its maturation, we were able to generate a C-terminally-tagged version of
mature RgpB by inserting 6xHis just N-terminal to the CTD cleavage site (at position 662)
by site-directed mutagenesis to create the mutant 662i6H (Zhou et al., 2013). To prevent the
highly homologous rgpA gene from interfering with genetic manipulation of rgpB, creation
of the tagged RgpB was carried out in an RgpA-deficient strain (RgpA-C) (Nguyen et al.,
2007). Fortuitously, the presence of these additional 6xHis residues at the cleavage junction
also interferes with the glycan modification step of RgpB maturation and the protein is
secreted into the culture medium.

Phenotypically, in contrast to the parental RgpA-C strain whereby RgpB activity is cell-
associated, in mutant 662i6H, the majority of RgpB is released into the culture medium
(Figure 1A). By Western blot using anti-RgpB, wild-type RgpB from the parental RgpA-C
strain migrates as a diffuse band between 70 and 90 kDa representing highly glycosylated
forms of the protein whereas mature RgpB from 662i6H migrates at the predicted mature
molecular mass of 48 kDa as a sharp band, presumably, in a non-glycosylated form (Figure
1C). Importantly, RgpB from 662i6H is recognized by anti-6xHis antibody, indicating that
the tag is present as designed and could be used for affinity chromatography (Figure 1D). As
expected, Kgp cellular distribution remains unaffected in the 662i6H mutant and the
majority was cell-bound as indicated by activity assays and anti-Kgpca: Western-blot
(Figures 1B and 1E). Together, these results indicate that the spent culture medium of the
662i6H mutant is a good source of soluble, mature and active 6xHis-tagged RgpB for
downstream affinity purification.

To affinity purify RgpB from mutant 662i6H, bacteria were grown in eTSB medium in
anaerobic conditions to early stationary phase and the culture medium was clarified by
centrifugation. Similar to the process developed for purification of wild-type gingipains
from strain HG66, purification of RgpB-6His started with concentration of the protease from
the clarified medium by acetone precipitation. This step of protein recovery from a large
volume presents two major advantages over other techniques such as ammonium sulfate
precipitation. Firstly, a large amount of hemin and hemin-derived pigments was removed in
the process and secondly, it allows a high recovery of active gingipains. The obtained
precipitate was dissolved in 4,4’-dithiopyridine disulphide buffer to allow the oxidizing
reagent to reversibly modify free thiol residues to inactivate gingipain activity. Gingipain
activity could subsequently be regenerated in the presence of a reducing agent (eg. with
dithiothreitol or L-cysteine). Such treatment protects gingipains from auto-degradation when
highly concentrated and probably protects the catalytic cysteine from more drastic and
irreversible oxidation during the purification procedure as observed for other cysteine
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proteases (Godat et al., 2008). The remaining hemin pigment contamination was removed by
adsorption onto DE-52 ion exchange matrix. This ion-exchange matrix is the preferred
choice due to its extremely high affinity and binding capacity for hemin and hemin derived-
pigments. RgpB-6His does not bind the matrix and is found in the flow-through fraction
along with the majority of other proteins (Figure 2A, lane 3). However, this step eliminates
the residual hemin-derived pigments as indicated by the substantial increase in the specific
activity of the sample (Table 1). While large variabilities in ODa2gg Were observed after
acetone precipitation from various purification runs (OD g range: 94.5-777), the yield is
more consistent after the DE-52 purification step (ODa2gg range: 7.9-18). Thus, the
combination of these two steps is necessary to allow for concentration of soluble protein in
the culture medium as well as elimination of the majority of hemin-derived pigments.

The concentrated protein sample was subsequently applied onto nickel-chelating Sepharose
matrix to affinity purify RgpB-6His. A majority of the RgpB activity was found to be
retained on the matrix as expected and eluted into the elution fraction but a small quantity of
RgpB (<3%; Table 1) did not bind and was lost in the flow-through fraction. Western-blot
analysis of bound and un-bound RgpB forms separated on the affinity column clearly shows
that the latter did not interact with the anti-6xHis antibody (Figure 2C, lane 5). This C-
terminal heterogeneity could be explained by the action of endogenous carboxy-peptidase(s)
of P. gingivalis during the secretion and maturation processes or during the purification
procedure. The affinity purified RgpB-6His product is highly purified (>95%) as confirmed
by SDS-PAGE (Figure 2A) as well as gel filtration analysis (data not shown). Importantly,
no contaminating Kgp proteolytic activity could be detected using the classical chromogenic
substrate Ac-Lys-pNA or with the more sensitive fluorogenic tosyl-Gly-Pro-Lys-AMC
substrate (data not shown). To test the quality of the purified RgpB-6His, the active RgpB
fraction was determined using the titrating inhibitor FFR-CMK as compared to the
theoretical concentration based on RgpB-6His molecular mass and protein concentration
obtained from BCA assay. Based on this titration, the final RgpB-6His is 88% active (mean
of 3 purifications; range: 82-92%), thus, confirming high purity of the enzyme and indicates
that the majority is not irreversibly inactivated during the purification process.

In comparison to conventionally purified wild-type RgpB (the complete and detailed
protocol is described in (Potempa and Nguyen, 2007)), RgpB-6His purification has
significantly higher yield than that of native RgpB (22% versus 13%, respectively) and in
greater quantity from 1 liter of original culture (2.4 mg versus 0.5 mg, respectively)
(Potempa et al., 1998). Further, RgpB-6His obtained after Ni-Sepharose affinity constitutes
the final purification product being highly purified, whereas wild-type RgpB purification
requires additional steps to eliminate cross-contamination by the other gingipains. Indeed,
the gel filtration chromatography step of the native protocol fails to eliminate contaminating
RgpA and Kgp activities (Potempa and Nguyen, 2007). Additional chromatographic steps,
such as Arg-sepharose affinity chromatography, high-resolution ion exchange
chromatography or chromatofocusing are usually required to further purify wild-type RgpB
(Potempa et al., 1998). While each of the supplementary purification steps increased the
purity of RgpB, it also reduced the yield of recovery. Kgp contamination in the wild-type
RgpB preparation could be inhibited with a Lys-specific protease inhibitor Ac-Leu-Val-Lys-
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aldehyde (Ac-LVK-ald), but no easy solution exists for RgpA contamination because of the
identical enzymatic specificities between RgpA and RgpB. The same applies to the detection
and quantification of the contaminant since no synthetic substrate is able to discriminate
RgpA from RgpB activity.

In this regard, purification of RgpB-6His from 662i6H presents great advantages. First, it is
expressed in an RgpA-deficient strain, eliminating the risk of undetectable contamination
with this enzyme. Second, the majority of the expressed Kgp is glycosylated and remained
bound to the bacterial membrane, thus, reducing greatly the amount of contaminating Kgp in
the initial cell-free culture fluid of 662i6H as compared to the HG66 strain. Finally, high
specificity of the hexahistidine-Ni-Sepharose matrix interaction ensures the elimination of
the remaining residual Kgp. Altogether, this approach reduces the number of
chromatographic steps needed to obtain pure RgpB, thus increasing significantly the final
yield of purification. Interestingly, the specific activity of RgpB-6His was higher than that of
the native RgpB. This difference in specific activity was directly proportional to the
difference in the content of the active enzyme determined by the active site titration.

Protein tagging with hexahistidine tag is a powerful method to facilitate the purification of
recombinant proteins. However, a potential downside of this approach is that the insertion of
this highly polar motif can lead to structural changes and results in alteration to the catalytic
properties of the enzyme. To discount this possibility, we proceeded to compare the
enzymatic properties of the recombinant RgpB-6His to wild-type RgpB.

One singular property of RgpB is the stimulation of its amidolytic activity by amino-acids
and dipeptides, particularly glycyl-glycine (Chen et al., 1991). In this regard, the activity of
RgpB-6His is stimulated up to 10-fold in presence of 200 mM Gly-Gly — a value
comparable to RgpB (Supplementary Figure 1A). Moreover, this dipeptide is also known to
influence the pH optimum of RgpB. Without the dipeptide, both forms of RgpB shows a
very broad spectrum of activity from pH 6 to an optimum pH 9. However, in presence of 50
mM Gly-Gly, the pH optimum for RgpB and RgpB-6His activity are 7.75 and 8,
respectively (Supplementary Figure 1E). At higher pH values, the activity decreased rapidly
probably due to an enhanced inactivation rate (Potempa et al., 1998). lonic strength is not
known to have a strong effect on RgpB proteolytic activity. Accordingly, the RgpB activity
is stable with increasing concentrations of salt, losing only 15% of its activity at 500 mM
NaCl (Supplementary Figure 1B). The crystallographic structure of wild-type RgpB has
shown that the enzyme possesses two binding sites for the divalent Ca?* cations (Eichinger
et al., 1999). Accordingly, the native and recombinant RgpB are both sensitive to the general
chelating reagent EDTA with 60% of inhibition at 2 mM, but show no susceptibility to the
more zinc-specific 1,10-orthophenanthroline (Supplementary Figure 1D). In the same
manner, Ca2* has no effect on both enzymes, whereas increasing concentrations of ZnCls
lead to their inactivation (Supplementary Figure 1C). ZnCl,, up to 10 mM concentration,
neither affected pH of the assay buffer nor caused precipitation of RgpB-6xHis. The
observed inhibition most likely results from chelating of ZnZ* by the catalytic cysteine
residue of RgpB.. Altogether, these results indicate that the addition of the hexahistidine tag
has no effect on RgpB biochemical properties.
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To confirm this observation, we determined the kinetic constant of the hydrolysis of the
most commonly used synthetic substrates by non-linear regression using Graphpad Prism
software version 5 (GraphPad Software, La Jolla, USA). Given its low specificity, native
RgpB is expected to hydrolyse every synthetic substrate with the arginine residue at position
P1. The Ky, values for synthetic substrates are in the range of 10 to 20 uM, except for
substrates with a P2 proline residue that results in a higher Ky, (up to 100 pM). Similarly,
the keqt Values are also within a narrow range (from 5 to 50 s71) and are independent of the
sequence of the substrate (Potempa et al., 1998). Comparatively, recombinant RgpB-6His
exhibits similar kinetic properties: the K, values obtained with the chromogenic substrate
benzoyl-I-arginine-p-nitroanilide (L-BAPNA: 9.14 uM), the fluorogenic substrates acetyl-L-
arginine 7-amino-4-methylcoumarin (Ac-Arg-AMC: 9.24 uM) and N-benzyloxycarbonyl-
phenylalanine-arginine 7-amino-4-methylcoumarin (Z-FR-AMC: 14.66 pM) were found in
the range previously reported. The same observation can be made with regard to the Kgat
with values of 8.32 s1 (L-BAPNA), 7.88 s™1 (Ac-Arg-AMC) and 3.61 s~ (Z-FR-AMC).

Altogether, these results indicate that the hexahistidine tag present at the C-terminus of the
mature, recombinant RgpB has no effect on the biochemical behaviour of the enzyme and
does not modify its catalytic properties. In this regard, RgpB-6His could be a useful
alternate source to replace wild-type RgpB for in vitro experimentation.

Historically, the isolation of the P. gingivalis HG66 strain eased the purification of
gingipains by providing a reliable source of soluble enzymes. However, due to their close
biochemical properties, the individual isolation of each of the three gingipains is laborious
and difficult, requiring multiple chromatography steps. In this study, we demonstrate that the
insertion of a hexahistidine tag upstream of the CTD cleavage site in RgpB leads to the
secretion of a soluble, mature form of RgpB bearing a C-terminal hexahistidine tag to
facilitate its purification by affinity chromatography. The resulting His-tagged RgpB of high
yield and purity was observed to possess the same biochemical and catalytic properties as
wild-type RgpB.

The CTD domain is not limited to gingipains but is found in other virulence proteins from P.
gingivalis and other periodontal pathogens belonging to the Bacteriodetes phylum (Nguyen
etal., 2007). Similar to CTD in RgpB, it acts as a targeting signal for the translocation of
these proteins through the T9SS and is cleaved off during the process (Veith et al., 2013).
There is evidence that the processing mechanism and membrane attachment is conserved for
all CTD-bearing proteins (Veith et al., 2014). Further, genetic manipulation to insert
hexahistidine residues into the CTD cleavage site in a carboxypeptidase Cpg70 has been
reported to result in the secretion of Cpg70 into the extracellular medium in a manner
similar to RgpB (Zhou et al., 2013). Thus, the approach developed in this work could be
useful for the purification and characterisation of other virulence factors secreted by P.
gingivalis and in other closely related periodontal pathogens such as Prevotella intermedia
and Tannerella forsythia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Enzymatic activity and Western-blot analysis of RgpB and Kgp in P. gingivalis parental
RgpA-null (RgpA-C) strain or the mutant 662i6H. P. gingivalis mutant 662i6H expressing
His-tagged RgpB was created as previously described (Zhou et al., 2013). Bacteria were
cultivated in enriched tryptic soy broth medium (eTSB) in anaerobic conditions to early
stationary phase and cultures were adjusted to the same ODagog = 1.5 to be designated as
“whole culture” (WC). Cells were separated from the spent media fraction by centrifugation
(5,000 x g, 20 min) and the cell-free media was designated as “supernatant” (S). Cells were
washed and resuspended in PBS to the original volume to obtain the washed “cells” (C)
fractions. For each fraction, Rgp (A) and Kgp (B) amidolytic activities were assessed by
hydrolysis of the chromogenic substrates benzoyl-I-arginine-pnitroanilide (BAPNA) and
acetyl-I-lysine p-nitroanilide (Ac-Lys-pNA) at 37 °C in Assay buffer (200 mM Tris-HClI,
100 mM NaCl, 5 mM CacCls, pH 7.6 supplemented with fresh 10 mM L-cysteine). For
Western-blot analysis, 30 ul of each fraction were resolved on 4-12% Bis-Tris SDS-PAGE
gels and electro-transferred onto nitrocellulose membrane. After blocking with skim milk,
membranes were probed with rabbit pAb anti-Rgp (C), rabbit pAb anti-6His tag (GenScript,
Atlanta, GA, USA) (D) and mouse mAb anti-Kgp (E). After incubation with the
corresponding secondary antibodies: anti-rabbit HRP-conjugated (Sigma) or anti-mouse AP-
conjugated (Sigma); specific bands were visualized using TMB Membrane Peroxidase
Substrate (KPL, Gaithersburg, MD) or AP conjugate Substrate Kit (BioRad, Hercules, CA,
USA).
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Figure 2.
SDS-PAGE and Western-blot analysis of RgpB-6His purification steps as described in Table

1. Lanes: 1, initial culture supernatant; 2, after acetone precipitation; 3, after ion exchange
chromatography on DE-52 matrix; 4, eluted fraction from Ni-Sepharose affinity
chromatography; 5, flow-through fraction from Ni-Sepharose chromatography. 10 ug of
each sample were electrophoresed on a 4-12% BisTris SDS-PAGE gel and stained with
Simple Blue Safe Stain (Invitrogen) (A). Alternatively, 1 ug of proteins were
electrophoresed under the same condition and electro-blotted onto nitrocellulose membrane.
After blocking with skim milk, membranes were probed with rabbit pAb antiRgp (B), or
mouse mAD anti-6His detecting exclusively hexa-histidine tags (Roche, Indianapolis, IN,
USA) (C).
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Figure 3.

Comparison of activity of RgpB-6His and native RgpB in various conditions. The
amidolytic activities of Rgp-6His (open symbols) and native RgpB (filled symbols) were
determined at 37°C using the chromogenic substrate L-BAPNA (A = 405 nm; n=3) in
activity assay buffer (200 mM Tris, 10 mM L-cysteine, pH 7.6) supplemented with
increasing concentration of: the dipeptide Gly-Gly (A); NaCl (B); divalent cations Ca2*
(square) or Zn2* (circle) (C); and the chelating reagents EDTA (square) and 1,10
orthophenanthroline (circle) (D). Alternatively, the effect of the pH on the amidolytic
activity was determined in 0.1 M Tris, 0.05 M MES and 0.05 M acetic acid buffer adjusted
from pH 5 to 9 with (circle) or without (square) 50 mM Gly-Gly (E).

Biol Chem. Author manuscript; available in PMC 2016 April 01.



Page 12

Veillard et al.

0,/€ T8 UIW/|Ww/00'T 4O WUGOKY = Hun T ‘a1ensans se YNdvda-T Buisn Auanoe osEPILY

(2002 ‘usAnBN pue edwalod)

Ajsnoinaad paysijgnd se (MIND-444) auolsy|Ayiswololya-Biy-ayd-ayd-a 1surebe uonenn Aq paulwiaiap sem siH9-gdby Jo uonoels annae ayl pue (ewbis) Aessy wOg Aq paulwiaiap sem sajdwes jeuty
341 JO UONBAUSIUOD UIB10Id "ENEN %20°0 YIM 8'9 Hd ‘C10BD INW G ‘|OBN AW OST SHLSIE INW 0Z Isurebe O,  1e pasAjelp pue Ajaresedss paulquiod aism syead 0M] 8S0U) JO SUOIOEIS "sutaloid punogun
pue punog-Ayuiyge ayy 0 Buipuodsaiiod Jsuuew siy) ul pajeedas alam AlAIOe asesjold Buiureluod syead om | "ajozepiwi NW 00S Yum pauswalddns Jayng Buipuig yiim painje aiam suislosd punog pue
(wd ‘ybingsnid ‘areayieaH 39) Xuyew Moj 1se4 9 mmoa;%m-+m_z pateiqiinba-aid Jw QT e 03 parjdde sem paureigo ajeluslal ayl “(ENEN %200 Yum 2 Hd ‘ajozepiwl INW 0Z ‘[DBN INW 00S ‘Jayng
areydsoyd wnipos W 0z) Ja)ng Bulpuig asoteydas-1N isureBe pasAjelp pue pajood aiem gdby jo Aiofew ayy Bulureluod ybnolys Moy J0 suoidely ay 8rensqns se Ndwvg-1 Buisn Ananoe gdby aya
104 pakesse alam suolioelH ‘suisjoid punog ainja 03 paljdde sem (W OO Ul AW QOS 01 0) [DBN 40 uaipelb & pue Jayng awes ay Jo W 00Z YIM paysem Sem uwinjod ayl "uiw/Jw T o ajel mojj e 1e (VSN
‘vd ‘ybingsnid ‘areayieaH 39) uisai abueyoxa-uolue UewIeYA g5-3a parelqijinba-aid o B oG ojuo papeoj sem 1onpold Buninsal ayl "B x 000‘00T e 4noy T 10} D, Je uonebnyLiuadenn Ag palyed

uay ‘(ENEN 920°0 UM 69 Hd ‘Z[JBD INW G *19ng sLILSIE INW 0S) Jaling aBueyaxa uol 1sureBe O, Je pasAlelp sem sjduwies ay 1 “ENeN [A:m] 96z0°0 pue sulpLAdIpoIyP INW T Yum pajusws)ddns
‘G'9 HA ‘|DBN INW 0ST “4834ng S11SIg INW 0Z W QST Olul 891 U0 Inoy T 10} PaAjossIp-a4 pue (uiw 0z ‘B x 000°0T) paie)jad sem juendidaid sy ‘inoy T Jayy "8d1 Aip uo Buruns snotobin yum (0,02-)
3U03398 PaYIY2 40 7 G'T 40 (UIWy/jw OG) uonIppe Mmojs ayl Aq palendidaid a1am wnipaw ays ul suidiold ajgnjos pue (uiw oS ‘6 x 000‘'8T) uonebnyLuad Aq palsLIe]d a1am sainynd aseyd Aseuonels Ajies Jo ._Hm

(sme (T12-9'9)Ger (89-12)8'L€ (osv—v2) GTe (199-6€)§ uBno Jy3 mo|4eso feydes-IN
(ee-9m) 2z (0ov—211)9'6G5c  (266-6G€) €2€L  (S5L2-TOT) ¥EIT (TeTDve uonnpeso reydas-IN
(9s-9m)ee  (Le1-T2)e69  (wv—vS)92Te  (0eLv-G90T) LTec  (081-6'2)CetT Z5-3a
(so-ev)9s  (6TT-2T)09  (58evS) 8%  (S6Ty-0v9e) G68E  (LLL-G'¥6) G'90K uolreyidie 1d suoeoy

- - (ze-8ve)oe  (6£v8-0009) 0869  (TT9Z-EE0C) £5€C (ebued) pinjyaInnd
% plod 08eYgosNUN qsWun B
pRIA uolyedlylind Avianoe ol 109ds Aunoy upI0id pdoIS UoleolLINg

2In1|n9d Jo Ja)| T woJ) suonealsund aanejuasaldal € wol) siH9-gdby Jo uonesiyling

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Chem. Author manuscript; available in PMC 2016 April 01.



