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ligase from <it»Pyrococcus horikoshii{/fit»<fatly<{shortatl>2&prime; -S8prime; RNH
ligase<fshortatl »<aug»<aur<frm inits="P H. ">Peter H. {/frm><{srm index="Rehse,

B.H. "»Rehse<fsmm»¢faur<orf 1d="a"»¢au»<frm inits="T. H. "»Tahir H. {/frm><s index="Tahirow,
T.H "*Tahirovefsmm><faur¢orf 1d="a"»¢cor email="tahirBspringd. or. Jp" »<{

address: Eppley Institute for Research in Cancer and Allied Diseases, LTC Room 10737A,
University of Nebraska Medical Center, 986805 MNebraska Medical Center, Omaha, NE
6E1958-Te%6, USA. ¢fau-noter<affr»<oid id="a"*RIEKEN Harima Institute, 1-1-1 Eoutao,
Mikazuki-cho, Sayo-gun, Hyogo 679-5148, <{cny»lapandfony>{faff><faug><shortaug*Rehse Samp;
Tahirov<fshortaugs<re yr="2005" mo="04" day="13"><acc yragi005" mo="0c" da?—"DE"}{dataflle
object-type="pdb" locator="lwvdx" locator-type="code"
lwdx, rlwdxsfdfdatafiles>dsynopsis»><p>The crystal structure of a putative 2&priwe;-
EN& ligase from <1t>»P. horikoshii<fit» was solved and compared with a <1t>Thermus
thermophilus<fit> homologue and the structurally related cyclic

phosphodiesterase. ¢fp»<¢/fsynopsis><abs »<p>Cyclic phosphodiesterase and Z&prime;-S&prime; RNA

structure determined to 2. 4&%emspld:&iring:. The protein crystallized in the orthorhombic
space group <1L»Pfit»24inf arrange="stagger">1</1inf»2<inf arrange="stagger" »1</1inf >2<1nf
arrange="stagger " »1<finf > with wnit-cell parameters <itradfity = 44 07, <itsxbgfity =
4547, <itrcdfitxEnbsp;=8nbsp;03 1T&emspld :&Aring; and one protein monomer in the
asymmetric wnit. The molecular-replacement probe was a Z2&prime;-5S&prime; ENA ligase from
<1t»Thermus thermophilus</it» which shares 30% sequence i1dentity. The

€1t»P. Smbsp:horikoshii</fity» BNA ligase has some structural features that hawve more in
common with a cyclic phosphodiesterase from <it>»Arabidopsis thaliana</it> with which it
no significant homology, yet an examination of the electrostatic surface potential
defines 1ts relationship to the <1t>T. thermophilus</it> EMA ligase. Howewver
the actiwve-site cleft 1s smaller and less positively charged than that
thermophilus<f1t> homologue, suggesting that the actual subs g smaller than that
previously postulated for the latter. (fp»<fabsrdordge<kwds
ligases¢hwd > fvdg < finsr<hbdy »<sec 1d="5ecl" »¢st>Introdudtiond/str»<p>RNa-1ligase activity
has been found in a wide range of organisms (Acn &awp: Abelson, 1996<bbr 1d="bbhZ"3»). In
eukaryotic species, most ENA-ligase functions hawve been attributed to known FNA-pro :
events such as intron removal from tREN& (Greer, Peehles <itret al. <fits, 1933<hbr
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ligase are members of a superfamily of proteins which share structural similarities even
though their homology may be wvery low. e e; Aa ligase from
<it»Pyrococcus horikoshii¢/it> has been crystallized and its X-ray cry
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Synopsis— Confocalsy diationinducedmicrox-ray-fl of trabecular-bone-from rats-treated-
with-strontium tanelate-or-chloride revealedthatthebone i ptakeds-stronglyincreased-by-low-calcium-diet-
compared-to-normal-calcium-diet.

Abstract + Based-on-clinical wials-showingthe-efficacytoreduce vertebral-and-non-vertebral-fractures, -strontium-

ranelate-(StR)has-been-approved in-several-countries-for thetreatment-ofpostmencpausal-osteoporosis.-Hence, -it-is-

of'special-clinicalinterestto-elucidate-how-the-Sr-uptake-is-influenced-by-dietary-Ca-deficiency-as-well-as-by-the-
formula-of-Sr-administration-—-SrRvs.-Sr-chloride{(SrCly). ‘Three-month-old-ovariectomized rats-were-treated-for-90-
days-with-doses-of-25mgkg/d-and-150mg/kg/d-of-SrR-or-SrCl;-atlow-(0.1-%-Ca)ornommal-(1.19-%-Ca)-Ca-diet.-
Vertebral-bone tissue-was-analysed-by-confocal-synchrotron-radiation-induced-micro-x-Ray-fluorescence-and-by-
backscattered-electronimaging. Principal -component-analysis-and k-means-clustering-ofthe-acquired-elemental maps-

of-Caand-Srrevealedthatthenewly-formed-bone-exhibited-the-highest-Sr-fractions-and-that-low-Ca-dietincreased-
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Z ompared-to-SrH -

33 The-study-cleady-showsthatinadequatenutritional-cal dumintake-significantly-increases-uptake-of-Srin-serum-as-
34 well-as-in-trabecular-bone matrix.- This-indicates-that-nutritional- calcium-intake-as-well-as-serum-Ca-levels-are-

35  imponantregulators-of-any-Sr-weament
36 Keyword s:+strontium- ranelate;- strontium- chloride;- dietary- calcium;- ovariectomized- rats;: SR-p-XRF;- gBEI:- K d d
37 I tal ing;- principal-c t-analysis;- k-means- clustering{ i e WO r S a n

a first-level

38 [Alintroduction|

39  Swontium-hasbeenstudiedin-context-of-apossibletherapeutic-agent-for-skeletal-diseases-formorethanthalfa-

40 centurv{Marie-eral 1985 McCaslin-& Janes 1959, -Shorr-&-Carter,-1952,-Skorvna,-198 1 -Storev,-1 962, -Grinpas-&- .
41 Marie,-1990).Based-ontesults-of recent-clinical trials showing reduced-vertebral -and non-vertebral fracture risk, - h ea d I n g
42 strontiumtanelateSrR)isnow-approvedin-several countries-forthetreatment-of postmenopausal-osteoporosis-

43 (Reginstereral ,-2008).-Studies-on potential mechanisms-for-SrR-antifrachwre-efficacyinclude-e ffects-onbone- a u to m ati Ca I Iy
44  microarchitecturerand-bone remodeling-balance-{ Ammann-er-al. 2007, Fuchs-eral -2008a, Ma-er-al 2011 yand-Sr-

45 interaction-withthe-calcium-sensingreceptor-of-bone-cells(Brennan-er-al -22009).-Recent-studiesinvestigated-Sr- L]

46  accumulation-and-storagein-bone-and-whether-Srhas-animpact-ontheintrinsic-material properties-ofbone-(Li-eral. - re Cog n Ised a n d
47 2010,-Roschgeretal ,-2010).Itshould-be-emphasizedthat-Srwithts—two-fold-atomic-weight-compared-to-Ca- . .
48 interfereswiththe measurement-of-bonemineral-density(BMD). whichis-a-clinicallyimportant-surrogate-parameter h I g h I I g h te d
49 forantifracture-effectiveness -Consequently in-Srtreated patients-changesin-BMD-occurnot-only-dueto-changesin:
50  bonewvolumeand--ormineral-content-but-also-dueto-Sr-uptake, whichmakesteliablednterpretation-of-

5] osteodensitometry-difficult-Barenholdt-er-al. .-2009, Blake & Fogelman, 2007 ;Kendler-et-al ,-2009).-Bearingin‘mind-
52 thatinwvertebrates,-9%%of+whole-body-Ca-and-Srislocated in-bene(Dahl-er-al 2001} the-amountincorporated s

53 positively-corelatedwith-serumlevels-of-Sr-asnumerousstudieshaveshown{(Dahl-eral 2001, Fuchsetal .-2008a.-
54 Lietal,2010,Roschgeretal 2010, Boivinetal ,-1996, Farlay-etal .-2005). In-addition, itwasrecently-

535 demonstratedthat-Srispreferentiallylocated inthenewbone-formed-during-Sr-treatment-and-onlymarginally-

56  locateddn-thepre-existingbone-mawix{Fuchs-eral -2008a,Li-eral -2010,Roschgerar-al ;2010).-Sratomsare-

57  incorporatedintothecrystallattice-ofthe-bonehydroxyapatite-byionicsubstitution-of-calcium+{Li-er-al ,2010).4

58 -+ Arecentstudvin-ovanectomized (OVX)rats{Fuchs-eral ,-2008a)-determinedthe-effects-ofhigh-

59 (150mgkg/day)-andlow-(25mgkg/day)-dose-SrRonbonehistomorphometricindices, mechanical properties-and-Sr-
60  uptake -Furthermore therole-of-dietary-calciuminmodulatingthe-effect-of-5rR -on the-skeletonwas-examined-by-

61  feedingrats-either-anormal(1.19%Ca)-oralow-calcium-diet(0.1%-Ca).-The-concentaton-and-diswributon-of-Ca-

62  and-Srin-cortical‘bonetissue-ofthetibial' midshaftregion-was-determinedusing-a-synchrotronradiationinduced- Crystal Io ra phy
63  micro-X-ray-flucrescence(SR-u-XRF)method -Animalsreated-with-high-dose-SrR-had significantlv-higher-Sr-

64  incorporation, regardless-of-Caintake However, .compared-tothenommal Ca-diet, thelow-Ca-dietincreased the: l 0 u r n a S
L]
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65  incorporationof-Srintothebone-forlowandhigh-dose-StR -groups.-All-animalsweated with-StR had-a-higher-Sr-

66  fraction-attheperiosteal-bonesurface(newly-formed-boneregions)-compared-tointracortical-boneregions-(older-
67  bone).q

68 - Theaim-ofthepresentstudy-wasto-expandtheseinvestigations to-the-administration-of-8rby-SrCly-aswell- F I rSt a n d S eCO n d
69  as'SiR-withlow-andnormal-Ca-diets.-A-further-aim-wasto-extend-the-analysis-forSruptake-and-diswibutioninto-the:

72 ray-fluorescence<SR-u-XPF)technique-wasused -Quantitativebackscattered-electron imaging (g BEI)-was-emploved- t t' I I

73 toselectregions-ofinterest-for-SR-u-XRF -In-additionPrincipal-Component-Analvsis(PCA)-and K-means-Clustering- a u O I I Ia I Ca y

74 (KMC)were-usedto-analyzethe-elemental mapsandto-separateregions-with typical -Srto-Cafractions-withinthe-

75  samples_‘Thisisthe-firsttime-that-such-atechnique-of-analysis-of-elemental maps-hasbeen-appliedtothestudy-of re Cog n i S e d a n d

76  bonedissue.

» 2 I highlighted

78 2.1. ENEISEMPIEST

79  Weanalvzed-bonesamples-fromthepreviouslyreported-studyv<(Fuchs-eral .-2008ayon Srreatmentin-three-month:

70  geometricalmore-complextrabecularbone-compartment-ofthevertebrae which-contains'bone‘marrow. in-contrastto-

71  tibial-periosteal-bone Forthispurpose -an-advanced-state-ofthe-art-confocal-Synchrotron radiationinduced microX-

80  old-OVX-Sprague-Dawleyrats.-The-animal study-was-approvedby-IndianaUniversity’s Institutional-Animal-Care-
81  andUse-Committee -OVXrats-weretandomized-bybodymass-3weekspost-surgery-and-divided-into-eight-different-
82  weaunentregimens:low+(25mgkg/d)randhigh+(150mgkg/d)-dose-SiR-withlow-(0.1%Cayandnommal(1.19%Ca)
83  dietary-Ca;low{(25mgkg/d)andhigh-(150mgkeg/d)SrCl, withlow-{0.1% Ca)randnormal{1.19%Ca)-dietary-Ca.-
84  The-Sr*ion-equivalents-for-SrR-with-the-chemical formula-of-Ci H:N,0: 551:+(513.49-g/mol ywere-8 5 mgkg/d-and-
85  51mgkg/d,-and-for-8rCl,with-the-chemical-formula-8rCl,6(H,0)+(266 .6 2g/mol)-were9 4mgkg/d-and 56mgkg/d.-
86  forthelow-andhigh-Sr-doses, respectivelv. -SHAM-operated-and-untreated-OVXrats-fed-anormal -Ca-diet-served-as-
87  controls.-Animalswere treated-daily-for-90-days -Accordingtopreviously-published-Sr-serum-evel-data(Fuchs-eral -
88  2008a)the-differenttreatmentsregimesledto-followingmean-Sr-serumlevels-22 7-and-23 3ng/mL foruntreated-
89 SHAMand-OVX,-2226.7-and-293.5ngmLfor25mgkg/d-SrR wreatment-at-0.1%and-1.15%Ca-diet. respectively,-
90  12611.1-and-1746.0ng/mlL-for-150mg/kg/d-SrR treatment-at0.1%-and-0.19%-Ca-diet, respectively.-One-L3 vertebra-
91  from-each-group-wasused-for-analvsis swhile-all the-measurements-ofithe bone-samples-were-performed-blindedto-
92  thetreatment:(Table:1).4]

93 -+ Vertebrae-werefixedin-70%ethanol,-dehydratedthrough-a-graded-series-of-ethanol -and-embedded- C ryStaI Io ra phy

94  undecaldfiedinpolymethvlmethacrlate(PMMA) -About 5 mm-thickblocks-containing-a-sagittal vertebral-bone- 0 u r n a S
95  section-were-obtainedusing-alow-speed-diamond-saw-(BuehlerIsomet. LakePluff USA) Thesection-surfaces-were -

96  groundby-sandpaperand-subsequently-polishedusing-a-diamond-suspension(3-and-1 micron-grain-size)-on-a- n l n e
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In-conclusion,-dietary-and-serumlevels-of-Ca-areimportant-d eterminants-of'serum-Srlevels-and-Sr-uptakeinto-bone-
with-SrR treatment-forosteoporosis. To-avoidhigheruptakerates-of-Sr-andimprove-safetyin-patients-being treated-

with-5rR.-adequate-Ca-and-Vitamin-D-ntakeis-essential v

lT

Figure 1+Examples-of,gBElimages-andthe-coresponding:SR-u-XRF-elemental ' maps-of-calcium+(Ca)-and
strontium+{Sr)based-on-Ca-Ka-and-SrKo-fluorescencelines respectively. from-bone-samples-of-animalsuntreated-
andtreated by SrR-or-SrCly(a)untreated, (b} low-Srdose-atnormal Ca-diet, {c)low-Sr-dose-at-deficient-Ca-diet.(d)
high-Sr-dose-atnormal-Ca-and-(e)-high-Sr-dose-at-deficient-Ca.-Thepixel size-of the-SR-u-XRF-elemental mapsis-

10°um %10 um-with-a-depthresolution-of 1 2°um-at-SrK+

a+(14.2%eV). The-color-coded X-rayintensities-counts-per-second--cps)-are-scaled-frc ini to
aBEIshowsvoungbonepackets{lessmineralized)-as-darker -and-older-bonepackets-as-well-asresidual -cartlage-
{arrows){(highermineralized)-as-brighter-greylevels.q

Figure 2+Example-ofa PCA+KMC-analysis: The-scan-was-done-onasample{dS-ofTable-1)with-high-dose-SiR-
treatment-at-deficient-Ca-dietlel

{A)Score-plot-of principle-compenents PC1 -vs PC2-derived from-a-plot-of-Ca-versus-Srintensitiesbylinear

transformation-exhibiting-anew-set lly-orthogonal-axis ‘PC1-axisrepresentsthe-direction where-Ca-and-Sr-
intensities-arerelatedlike more-Ca'more-Sr. PC2 -axistepresentsthe-direction,whereCa-and-Srintensities-aretelated-
like, more-Caless-Srand-vice-versa ‘The KMC-analysis-ofthe PCA-score plotused-four-clusters-k=4):-color-coded:
red, green. pink-andblue; X -centroid-ofclusters<C1,-C2 :C3.-C4; Themeaningofthe-clusterscanbe-explained by
generatingbinaryimages, where-all pixels-corresponding-to-a-certain-cluster-are-displayedin white-(B).le|
(B)Binaryvimagesproduced-accordingtothe-cluster-data:image-C1 showsthe-diswibution-ofpixels-clusteredin-C1-
(red)-and-corresponds-to-the-background benemarrow-space where-both-Ca-and-Sr-concentrations-are-zero. Image-
C2{pixelsfrom-cluster-C2.-zreen)highlights-areas-ofold-bone-showing-alow-Srto-Ca-fraction, -whileimage-C3-
(pixels-clusteredin-C3, pink)-containspixelsrepresentingthe rimregion-ofthe bone Finally Aimage-C4,-which-
contains-all pixels-ofcluster-C4-(blue), -displavs pixels-ofhighest-Srto-Ca-fraction,-correspondingto-areas-of-young-
bone.

Figure 3»Influence-of-Ca-dieton-Sruptake-as-quantified by-cluster-C4-centroid-valuesindicatedby-green-(normal:
Ca-diet)-and red-bars(deficient-Ca-diet). respectively, -whereby-differencesbetween-SrR-and-SrCl, are-distingnished-
byintense-andlight-colour The-increasein-Sruptake (heightofthe-bars)-wasinparallel-withtheincrease-in-Sr-
serum-levels Foreachsamplemedian-andrange-{errorbars)resulting-from-all' mapsrecorded-are indicated. -
Significancelevels-as-obtainedby-Mann-Whimey tests;* p=0.05 ***P=0.001,°p=0.057.9
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mic bonds, which can help to interpret the projected data. A simple method for identifying and reducing artefact in XAA

was proposed. While images of strong Nb scatterers were imaged with a high quality, the images of weak O scatterers
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oxygen planes.</p3|
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Origin and basic properties of white-beam XAA. (a) Two atom system: absorbing and scattering atom. The total x-ray fi
eld amplitude at a site of an absorbing atom is the coherent sum of an incident plane wave and a scattered spherical w

lter-atomic directions i.e. for obtaining projections of local atomic structure and for a low-resolution determination of ato
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