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ABSTRACT

Measuring the site density of P-selectin on planar substrate is the primary
event in understanding the mechanism of P-selectin-induced cell adhesion
onmolecular level through flow chamber experiment. |norder to overcome
two major disadvantages of current measurement means: low signal noise
ratio of fluorescencelabel sand the limitation of traditional gamma counter
or scintillation counter, herein, a novel method based on combination of
radioactively I labels and InfiniaHawkeye 4 ECT is proposed to detect
the low density of the P-selectin on planar surface. The resultsillustrate
that site density of P-selectin islinear with their concentration, and glass
plate shows better adsorption than polystyrene. For the adsorbed P-
selectin on the plate at same concentration, the difference of radiation
intensity between direct 125l -P-selectin and following bound by its antibody
125]-9E1 suggests that the distribution of P-selectin head’s orientation is
random, with only about 10% P-selectins in their head up position.
Comparing with thetraditional method, this method israpider, more efficient
and can bewidely applied to flow chamber experiment for further exploring
cellsrolling behavior under flows and obtaining a series of 2D molecular
dynamic parameters. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

At sitesof infection or noxiousstimuli, circulating
leukocytesadhereto endothdia cellsand then migrate
into tissuesto destroy pathogensand repair tissuein-
juryttl, P-sdlectin, one of thethreemembersin sdectin
family, bindingwithitsligand PSGL-1 (P-sdlectingly-
coproteinligand) inducesthetethering and thenrolling
of neutrophilsonthe endothdia surfacé?. Ingenerd,
paralld plateflow chamber (PPFC) isused to mimic

theadhesion of circulating neutrophil and measurethe
2D reaction kinetic parameters between adhesive mol -
ecules®9. Intheflow chamber experiment, cellsare
perfused through aplaner substratewhichisprecoated
with certain concentration of P-selectin. 2D reverse
reaction rate can be ca culated by measuring thebond
lifetimethrough tethering experiment; however, thefor-
ward reaction rateisnot only related to the binding af-
finity between receptor and ligand, but largdy influenced
by the concentration of receptor and ligand, cell con-
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tact areq, diffusion and etc[5, 6]. Thus, precisely mea-
suring the sitedensity of P-selectin onthe planar sub-
strateistheprimary event in understanding the mecha-
nism of sdlectin-induced cdll adhesononmolecular leve
through flow chamber experiment.

Thesitedensity of PSGL-1 on cell surface can be
measured by fluorescence or radiation labeling. It has
been reported that the number of PSGL-1 molecules
on neutrophil and HL-60 cell are 11, 0002, 000 and

18, 000 2, 000", and their site densities are 49
and 36 sitesum2, respectively. However, P-selectins
areused to coat on aplaner glasscoverdip before as-
sembling into theflow chamber floor, and thesiteden-
sity of P-selectinisneeded to be smaller than 10 sites/
um2inthesinglebond tethering experiment’®. Thesen-
sibility of fluorescence labeling ishard to fulfill this
need; althoughthesengbility of 125! [abelingisenough,
the gammacounter used to measuretheradiation of a
singletest tubeisnot suitableto measuretheradiation
onaplanar.

INFINIA HAWKEY E 4 ECT isatype of multi-
functiond nuclear imaging equipment, it can complete
100% function of Single Photon Emission Computer
Tomography (SPECT), and 90% function of Positron

Emission Tomography (PET) and computed tomog-
raphy (CT), it carriesout fuson positioning of ECT and
CT imaging and radionuclide decay correctioninwhole
energy range’®. Moreover, it can measure multiple
samplesat atime, which savesalargeamount of time.
Therefore, after 125l labeling, SPECT was used to
measurethestedendty of P-sdectinontheplanar. Using
thismethod, the sitedensities of P-selectin physically
adsorbed on glass and polystyrene (PS) were mea-
sured. Itisfound that the site density of P-selectinis
linear with its adsorbent concentration, and the
adsorbability of glassisdightly higher than PS. It has
been proved that P-sel ectin mol ecules arerandomly
coated after physical adsorption, and only ~10% P-
sl ectinshaveahead-up orientation that can easily bind
with thecell surface PSGL-1.

EXPERIMENTAL

L abelingprotein by IODOGEN

Human P-sel ectin/Fc chimerarecombinant and
mouse anti-human P-selectinmAb 9E1 were purchased

from R&D system Inc., MN. Iniodination reaction,
dissolve 30 ~ 100 pg P-selectin (106 kDa) or 40 ~
150 ng 9E1 (150 kDa) in 100 wl Trisiodination buffer
(25 mM Tris-HCI, pH 7.5, 0.4 M NaCl). Wet the
Pierce Pre-Coated lodination Tube (Thermo Fisher
ScientificInc., IL) with 1 ml Trisiodination buffer and
decant, add 100 pl high Tris buffer (0.125 M Tris-
HCl, pH 6.8, 0.15M NaCl) directly to the bottom of
the tube, do not allow buffer to drain down the tube
wall.Add 10 ul, 1.0 uCi , Nal125l into the lo-
dination Tubeand mix. Allow iodideto activatefor 6
minutes at room temperature, swirl thetubeevery 30
seconds. Removeand add the activated iodideto the
protein solution and mix, react for 6-9 minutesat room
temperature, mix by gently flicking thetube every 30
seconds. Finally, add 50 ul scavenging buffer (10 mg
tyrosne/ml inTrisiodination buffer), mix andincubate
for 5minuteswith additiond flicking a 1 and 4 minutes.

Purification of labeled protein

Before experiment, wash and equilibratethe 10 ml
Sephadex G-25 columnwith 20 ml Trisbuffer. Add the
activated iodideinto the column, and wash tube con-
taining theiodinated protein with 0.5ml of Trisbuffer
and add thisto the columnto increaserecovery of the
iodinated protein. Collect 0.5~ 0.8 ml fractionineach
polypropylenetube, and collect 25 tubesintotal. The
radiation intensity and the amount of protein are mea-
sured by SPECT and Pierce BCA Protein Assay Kit
(Thermo Fisher Scientificlnc., IL) respectively.

Measuring site density of P-selectin

We used both polystyrene (PS) and glass as ad-
sorbent materials. Proteins are adsorbed into aCostar
48-wdl polystyreneplate, or glasscoverdipsfixedinto
a6-well plate. 8mm x 8 mm square hole is cut in each
2mm-thicknesssilicagel pad, and pasteon the cover-
dip dlowing theprotein solutionto adsorb into acer-
tainarea. Add 130 ul (48-wdll plate) or 102 pl (6-well
plate) labeled or non-labeled P-sdlectin into the adsor-
bent area, incubatefor 16 hrsat 4. Suck out the adsor-
bent solution, wash threetimes by Hank’s balance so-
lution (HBSS) contai ning 1% bovine serum abumin
(BSA), and incubate for 1 hr at room temperature.
Measuretheradiation intensity by SPECT if P-selectin
was | abeled by 125I, otherwise such out the washing
solution after incubation, and add 1251 |abding P-sdectin
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antibody to incubatefor 30 min at room temperature.
Suck out solution and wash three times by thewashing
solution, then measureradiation intensity by SPECT.
Takeout theslicagel pad beforemeasurement toavoid
additiond radiation intensity induced by silicaadsorp-
tion.

Radioactive measur ement of SPECT

Pacesamplesonthedetecting platformof GE Infinia
Hawkeye 4 (Courtesy of GE Healthcare Inc.), and
measuretheradiationintensity of 125I. Detect 10 min-
utesfor fractions collected from the Sephadex G-25
column, and detectingtimefor thesitedensity samples
can beadjusted by theactua radiationintensity, usualy
about 20to 30 minutes. After detection, radiation quan-
tity can be cal culated by the software.

RESULTS

L abeling of P-selectin and P-selectin antibody

Human P-sdl ectin or mouse anti-human P-selectin
antibody 9E1 were labeled by lodogen method and
purified through Sephadex G-25 column, radiationin-
tengity of collected fractionsof P-sdectinand P-sdlectin
antibody are shown in Figure 1. 1A and 1B are the
detected images shown on SPECT, 25 test tubeswith
collected fractionswere measured in both pictures, and
darknessof theimage representstheintensity of radio-
activity, theradiation countsof each tubeareshownin
1C and 1D. One steep and another mild peak are both
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appeared in thesetwo graphs. Thefirst oneisthela
bel ed protein peek that gppeared in tubes between num-
ber 3to 6, and the second oneisthe peak of unbound
125I. Thereis a clear boundary between these two
peaks, whichimpliesasuccessful purificationof thela
beled protein. Furthermore, thefirst peak much higher
than the second one meaning that most of 1251 arela-
beled onthetarget protein, and only small fraction of
125l areremained unbound.

P-selectin adsor bed on glassand polystyrene

After purification, theamount of 125 labeled pro-
tein wasquantified by Pierce BCA Protein Assay Kit,
and radiation counts of single protein moleculewere
calculated. In our experiment, wecollected 5 ml 125l
labeled P-sdlectin, thetotd radiation countswere 63.61
per second, and the amount of P-selectin was mea-
sured to be 1.003 pug/ml. According to the M.W. of
106 kDafor the P-selectin/Fc chimera, theradiation
counts of asingle 125I labeled P-selectin are cal cu-
lated to be 2.23 x10-12 per second.

Gradient diluted the 125I labeling P-selectinina
series of concentrations (0, 8.3, 33.3, 83.3, 125 ng/
ml), and added onto the 8 mmx § mm glass surface,
incubated 16 hrsat 4. After washing threetimesby 1%
BSA in HBSS, radiations were detected on SPECT.
Theradiationimagedetected for 20minby SPECT is
showninFgure2A, the adsorbability of 125I-P-sdectin
wasincreased asthe concentration increased, showing
alinear relationship (asin 2C). Inthe flow chamber
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Figurel: ®l-labeled P-selectin or P-selectin antibody purified by Sephadex G-25

BioTechnology —

Hn Tudian Jounual



BTAIJ, 8(3) 2013

Ying Fang et al.

431

————, FyurrL PAPER

experiment, the concentrationsof P-sdlectinfor HL-60
cellstotether or rolling on are 30ng/ml and 500ng/ml
respectively. According to therelationship between P-
sel ectin concentration and the site density (shownin
2E), the site density of P-selectin for HL-60 cellsto
tether onis 99 sites/um?2, and the site density to sup-
port rollingis1662 sites/um?2.
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measuring by thetwo-factor analysisof variance (F >
F0.01).

Measure P-selectin site density by labeling P-
selectin antibody

It is known that P-selectin bind with its ligand
PSGL-1 by interactioninitslectindomainwhichislo-
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Figure?2: Sitedensity of P-selectin adsorbed on planar glassor PSsurface

Other than glass material, we al so measured the
sitedensitiesof P-sdlectin adsorbed on polystyrene, as
shownin 2B, 2D and 2F. Thesitedensitiesof HL-60
cdllstether to or rolling on were 69 sitesum?2 and 1140
Stes)um2, respectively, whichwerelower thanthevaue
measured on glass, and the differenceisdistinct when

cated onitshead piecein N-terminal™, Therefore, in
theflow chamber experiment, theactua stedendty of
effective P-sdlectinisneeded in cal culating thekinetic
parameters of molecular reaction. However, P-sdlectin
israndomly adsorbed after physical adsorption, only a
small number of P-selectins are adsorbed in aright
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orientation, in other wordsisinits head-up position,
withitsbinding site exposed. The aboveresultsof P-
selectin sitedensitieswere measured by P-selectin la
beling, thusall kindsof orientationsareincludedinthe
aboveresults. In order to measurethe actua siteden-
Sty of effective P-selectin, monoclona antibody for the
extracellular region of P-selectinwaslabeled, thenra
dioactivity wasdetected after binding.

Antibody 9E1 was|abeled by 125! using lodogen
method, theamount of purified labeling protein was
guantified by Pierce BCA Protein Assay Kit, and ra-
diation countswere detected in SPECT. In our experi-
ment, we collected 125l labeling 9E1 in avolume of
6.2 ml, thetotd radiation countswere 138.53 per sec-
ond, and the concentration of 9E1 wasmeasured to be
16.625 ug/ml. According to the M.W. of ~ 150 kDa
for 1gG, theradiation counts of asingle 125l labeled
9E1 arecalculated to be 2.07 x10-12 per second. P-
selectin was diluted in aseries of concentrations (O,
8.3,33.3,83.3, 125 ng/ml), and was added onto the 8
mmx8 mm glass surface, incubated 16 hrs at 4. After

A 0 0.1

#1 te v

=]

=

4
'l

Counts/sec

0 02 04 06 08 1 12
Concentration of P-selectin, ug/ml

washing three times by 1% BSA in HBSS, 125l |a-
beled 9E1 was added to bind with P-selectin, incu-
bated for 30 min at room temperature. Radioactivity
was detected in SPECT after washing another three
timesby 1% BSA inHBSS. Figure 3 showstheradio-
activeimage detected by SPECT, it issuggested that
binding of 125I-9E1 increased asthe P-selectin con-
centration increased, radiation countsand sitedensity
were both in linear with the P-sel ectin concentration
(asshownin3B and 3C). Sitedenstiesfor HL-60cells
to tether (30ng/ml) or rolling (500ng/ml) on P-selectin
are9and 148 sites/um?2 respectively. Thesetwo val -
uesare much lower than the site densities detected by
direct labeling of P-selectin (99 sites/um2 and 1662
sitesum?2). Lee D. et. al.™ used a CRD sequence
mAb and fluorescencelabeling to detect the siteden-
sty of P-salectin adsorbed by different methods. It was
found that the sitedengity resultswereinreevant with
themoleculeorientations. Therefore, itissuggestedin
our resultsthat P-selectin hasarandom orientation af-
ter physical adsorption, and only about 10% areinits
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Figure3: Measuringthesitedensity of P-selectin on planner glassby %I -labeled antibody
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head-up position, withitsbinding Site exposed.
DISCUSSION

Incomparewith thetraditiona gammacounter that
canonly detect radioactivity of solutionsingdetest tubes,
SPECT not only can detect radioactivity on planar, but
aso canded withmultiplesamplesat atime. Asshown
intheaboveresults, sitedensity of P-selectinislinear
with the adsorbing concentration, and glasshasahigher
adsorbability than polystyrene. It hasbeen suggestedin
other paper that P-sdectinisrandomly oriented on pla-
nar after physicaly absorptioni™. Welabeled P-sdlectin
or itsantibody 9E1 with 1251, and site density detected
by 125I-P-selectinisabout 10 timeshigher than 125I-
9E1, which suggested that after physically absorption,
only about 10% P-selectinsareinitshead up position,
with binding Steexposed.

Inflow chamber experiment, itisuseful to obtain
thedtedendty of protein on theflow chamber floor to
cd culate someof themolecular kinetic parameters. For
example, when measuring forward reaction rate kon
between PSGL-1 on HL-60 cell and P-selectin onthe
planar by flow chamber experiment, thesitedensity we
measured above must be used. According to equa-
tion*?, kon can be calculated. Here, Pad isprobability
for acell to tether before it flows a distance, which
approximatesto theratio of tether rate and length of
theview; nr isthestedensity of P-sdectinonthepla
nar floor, whichis9 sitesum2 when measuring by the
above method; ml is the site density of PSGL-1 on
HL-60 cdll, it isreported to be 36 sites/ um2!™; Acotco
are cell contact area, contact time and collision fre-
guency, which can be obtained by theside view flow
chamber®¥; Visthenear wall flowing velocity of HL -
60 cell.

In summary, the new method using 125l labeling
and SPECT detection to measure the site density of
protein adsorbed on aplanar isfeasible, asshownin
theaboveresults. Compared with thetraditional method
by using gamma counter, thismethod works more effi-
ciently, and redeemsthe defect that planar cannot be
detected. Theresultsmeasured by using thisnew method
can becombined with theflow chamber experiment to
obtain aseriesof 2D molecular dynamic parameters,
which may provide somehelp inunderstanding of the
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mechanismsof cdl rolling adhesonreated disease, such
asinflammation, thrombus, and etc.
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