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Abstract

This is & repont for s issiavan and purification of et frem Thal marine cran
(Seyia sarvata) and 18 use for the development s & umos marker for seresning 1t for
cancer. It was founa that the punfied kectin by affifity columin chrsmaliography baing
boving submanliary mucin shiws the molecular waight of 70 kDa. The specific activity
of res punified ledtin by Diokin wbailing techniqua has bees sticiad. It reacts against
sileglycacojugates such as BSM. fatuin and colominic aoid but goes ol reacl with
oiner negative charge conmining blomolpeyles; This punfied iacin has bearn used 10
dirvsdis Iheaseay for quantanen of sialoglycoconupaes in seum of normal hasithy
parsar and cancerwhich has Deen found statistically ssgnificantly differance. Tha
uhrmpunlication was further evaluated Dy Lising technigui of misipreparatie gel
mmhureslh and siactrobloting an FYOF membirane for ﬂﬂlyﬂ'& nf aming
composition and N4eming! sequence. The aming 88id compasitian and 10 aming agid

resiguas of this N-tetminial hat 8130 Dee deduced and reponed.
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A periodate-resorcinol microassay for the quantitation of total sialic acid in human

serum.

Sialic acid, @ class of imporiant ketoses that contain nine carbon sioms, are acetylated
derivatives of neuraminic acid {i-hem-ﬁ-m_im-iiidideux}hﬂ-mnulcﬁaniﬂ acid) (1} The
unique structural features of this molecule, which includes & negative charge owing 10 2
carboxy! group, enable it to play &n important role in cellular functions, such as cell-to-cell
repulsion, recognition, transportation of positively ¢herge compounds and fumar cell
metastasis (2), Sialic acid Is &« common terminal sugar unit ofthe oligosaccharide of
glycoproteins and glycolipids which are cell surface constituents. These sialic acids
apparently enter the ciroulation by either shedding or cell lysis and are of considerable
interest because of their potentisl diagnostic value (2). Elevated levels of serum sialic soids
have been reported in patients with lymphoma, malignant melanoma and Jung cancer as well

a5 caniers of the prostate; colon, brain, slomach, bladder und gestroiniestinal system (3, 4, - 0

6)

A widely used technique for quantitation of free sialic acid is the periodate-
thiobabituric acid method. The periodate-resorciniol assay is used for total sialic acid
(TSA) L) Bhavanandan and Sheykhnazari (1) réported @ convenient microassay for
simultaneously measuring sialic acid in & large number of samples and specifically for
monitoring fractions during factionation of biological samples. ,

This present paper reports & modification and optimization of periodate-resorcinel "
miethiod (1) which is more suitable for biological fluids such as human serum samples.

A 96-well microtiter plate format was used as a single reagent mixing wall, The
principle of his newly-developed assay is the periodate-resorcinol procedure. Conditions for
the quantitation of sialic acid in serum, such as the concentration of periodase, resorcinol,

incubation time and human sarum yolume, were optimized, It was found that the optimal
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concentration of periodic acid and resorcinol reagent were . JmM and 0.6%, respectively.

An incubation time of 60 minutes for the reaction of penodic acid and resorcino] with
samples was found to give the highest absorbance. These new procedures were used for the
quantitation of sialic ecid in human serum. 1t was found that only Sl samples were neéded 1o
give a coefficient of vaniation of the intra- and inter-assay of 0.79% and 4.68%, respectively,
The percentage of recovery which was studied by the addition of a known amount of pure
sialic scid wes found at 94.25% (ranged between 76.23 - 103,23%),

The result of the comparison between the newly-developed periodate-resorcinol
microgssay for TSA with the previous standard Ehrlich method (7) is shown in Figure 1. The
two methods was found to be correlated with each other at the coefficient of comelation of
0.70 (p < 0.0001)

This miethod has been used to-quantitate TSA in normal healthy &nd cancer serum and
a significunt difference between these two groups (p < 0,0001) was found (Figure 2), These
results suggest that the periodate-resorcinol microassay is sensitive, reliable, economical,
requires less sample volume and s suitable for the quantitation of total sialic acid in
biological fluid and tissue extraction samples.

Sialic acid levels in serum and urine have been-investigated and reporied 55
diagnostic matkers for patients with inflammatory disorders, cancer, sialuria, and many other
diseases (&), A variety of methods are available for the detection and estimation of free and
glycosidically-bound sialic acids. These can be broadly classified as colonmetne,
fluorometric, enzymatic methods and the highly sensitive high performance liquid
chromatographic (HPLC) method (2). The most widely used procedures are the colonmetric
method including the Ehrlich method {7}, the periodate-thiobabituric acid method (2), and
the periodatesresorcinol assay (18). The procedure described by Weren {8) is rypical of the

periodic and thiobsbituric acid procedure, Which measures only free sialic 2cid that is
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released after an initisl hydralysis step. The procedure is reparted to have an assay coeificient

of variation of approximatsly 3% (L1}, A significant rise in total sialic acid wes found in
patients with cances of the stomagh, breast, colorectal region and gall bladder (§) The
periodate-resorcinel microassay presented in this report has several advameges over the
original ane, including the use of smaller samples (5 mi) and the larger number of samples
thal can be simultancously analyzed, the fast addivion of reagents with multichannel or
repeting pipetter, the greater speed in measuring sbsorbance by microtiter piate
spectophotometer and the direcs transfer of data to & computer (1) or even adapiation to an
auromated system in the future,
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Legend to the Figure
Figure | The correlation curve between a developed periodate-resorcino! microassay and
Ehrlich mehtod for TSA. The same sample was devided to rwo separated aliquot
and subjected to both method for TSA as described in materials and methods

SECHIon EDOVE.
Figure 2, Bemonsiration of the bar-graph of the quantity of total sielic acid (TSA) of both

normzl healthy and cancer human serum samples by periodate-resorcinol

microgssay (p value less than 0.0001).
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ABSTRACT

A lectin from Thai marine crab (Seylla serrata) hemolymph hes been isolated
by affinity column chromatography and preparative electrophoresis. Ten amino acid
residues from N-termunal has been deduced and its reactivities has been studied by
using bietin labeling technique. A method for the determination of
sialoglycoconiugates in human serum is described using this lectin. The principle is
based on the reaction between the sialoglycoconjugates and biotinylated lectin. The
bovine submaxillary mucin (BSM) 1s immabilized on polystrylens mictoplate. The
unknown sample or sialoglyeoconjugates (BSM equivalent) standards together with
excess biotinyleted punified lectin (B-lectin) are then added. The B-lectin that binds
1o the immobilized BSM is then incubated with the peroxidase conjugated
monoclonal anti-biotin antibody, and the ¢olor developed after the addition of
enzyme substrate is determined by light absorption using # microplste reader. The
assay is pot only convenient and relinble but also capable of measuring
sialoglycoconjugates in solution at the submicrogram level. The assay was used in
deterrmunung the sialoglycoconjugates in human serum from normal subjects and

carcinoembryonic antigen {CEA ) positive samples.

Keywords:  Lectin; Swalic acid, NANA, Sgplla serrare, Biotin, ELISA,

sialoglycocon)ugates.



INTRODUCTION

Lectin 152 groap of protein that ofien demonstrate high binding specificity to
oligosaccharides of glycoproteing and glyeolipids: They have proven invaluabie in
the study of glycoproteins of cell surfaces as well as the modifications they undergo
during cell differenitiation and malignant transformation,  Many diverse biclogical
functions are assoczated with the presence of siloglycoconugates &t or near the cell
curface 1n mammals. 1t has been shown, for example, that the metastasis of malignant
cells may be a direct function of an excessive rélease by the malignant cells; or by
other cells, of sialoglycoconjugates into circulation (Buck ef af', 1979; Dawson ef
al, 1978, Galfar et al., 1979, Moss ef al,, 1979), The comparison of serum levels of
carcinoembryonic antigen (CEA) with total sialie aciditotal protein (TSA/TP) retion
and phosphohéxose isomerase (PHI) has been studied in untreated lung eancer
patients. Tt was found that all the biomarkers were significantly elevated (p <0:001)
in untrezted lung cancer patients as compared to the controls and the results indicated
that TSA/TP and PHI are supetior tumor markers than CEA for lung cancer patients
(Patel ef af,, 19955 Lipid bound sialic acid (LSA) has been used g5 & marker cancer
which has been showed a statistically significant different between patients with
chironic nor-tumor disetses and heaithy individuals (p < 0.001) and zlso between
cancer patients and healthy individuals (p> 0,001), but not between eancer patients
and patients with chroaic non-tumor diseases (p > 0.05) (Lopez-Sacz et af , 1595),
Pinitglang (1989) has isolated and punified the lectin specific to sialic acid and ussd it
for testing the sialic acid level in serum by hemagglutination inhibition fechnigue. It
was found that the purified lectin from Scylla serrara could be used to distinguish the
amount of glycoproteins which are components of serum and cell membranc between

‘cancer 2nd normal cells. The present paperis & study ofan isolation, purification,

r1. ™



and charsctenization of this kind of lectin and its uses for developing a method for
quantiation of saloglycoconjugates by employing the enzyme linked ant-
biotinylated lectin assay which has been tested in himan serum from both normal
subjects and carcinoembryonic antigen positive serum,
EXPERIMENTAL PROCEDURES
Purification of lectin from hemolymph of Thai marioe crab (Scylla serrafal

The method of isolation and purification of lectin from hemolymph was
modified from Pinitglang (1989). Hemolymph from Thai marine crabs (Sla
serrata) was collected from their aspiration hearts and allowed to clot st 37°C, then
centrifuged at 10,000 g for 15-30 min al room temperature in order to remove clots
and cell debris The supernatant was aliquoted and Kept at -20°C until used The
hemolymph was applied to an affinity column of BSM-Sepharose 413 (1 x 15 em)
which has been equilibrated with the 0.05M Tris-HCI buffer, pH 8.3 contaming 0. 1M
NaCl and 0.01M CaCl;. The column was allowed overnight nt 4°C and then washed
with the samé buffer until the absorbance at 260nm was less than 0.02, The columa
was then eluted with 0.05M Tris=HCI buffer, pH 8.5, 1.0M NaCl and 0.01M CaCiZ.
The lectin was finally eluted with (.058 Tris-HC| buffer, pH 3.0 comaining T.0M
NaCl and 0.025M EDTA. All the fractions were monitored for absorbance at 280nm
and hempgglutination acuvity. The fractions containing protein and
hemagglutination activity were pooled and dialyzed against distilled water and then
lyophilized as a powder. The isolated lectin was further purified by mini-preparative
polyacrylamide gel electrophoresis (Bio-Rad) using gradient (8-12%) native gel
electrophoresis using the method according to the manual of the manufacturer. The
fraclions contaiming protein and hemagglutingtion astivity were collected and tested

the purity by PAGE. The positive band has been transferred to the PVDF membrans



and cut for emino acid deduction and sequencing using sutomatsd peptide
SEqUENCET.
Biotinylation of purified lectin

Biotinylation of purified lectin was done by a standard method Briefly,
purified lectin powder from &ffinity chromatography which had been prepared as
above was dissolved in 0. 1M sodium hydrogen carbonate buffer pH 8.5 and mixed
31 (wiw) with N-hydroxysuccinimidobiotin (34, Img/ml in dimethylsulfoxide) at
room tempersture for 1-2 hours. The mixture was dialyzed against PBS. Then
aligouted and stored a1 -20°C as  stock solution of biotinylated lectin (B-lectin),
Human serum samples.

The serum samples were prepared from venous blood. The subjects were
healthy hospitalised and non hospitalised individuals aged between |E-47 years The
blood samples were collected and allowed to clot and then nmufﬂagedﬂ 3,500 rpm
for 10 minutes, and serum samples were separated,

Thie enzyme linked auth-blotinyluted lectin assay for quantitation of
slaloglycoconjugates.

The polystyrene microtiter plate was added with 100ul'well of 100pg/ml of
PSM in PBS, pH 7.4 1o all wells except blank wells and incubated overnight at 4°C.
The plate was flicked out and air-dried with warm air, The 150pUsvell of 1%BSA in
PES, pH 7.4 was added 10 sverywell and incubated at 37°C for %0 minutes, then
washed thres times with PBS centaining 0.05% Tween 20 (washing buffer)

(150plwell). The inhibition mixture which containing veriation amount of BSMin
§9BSA or serum zamples and optimial dilution of B-leetin which has been incubated

ovemight st 4°C and 3 hours a1 37°C was added to the well. Afier incubation a2 37°C



for 90 minutes: the splifion was flicked out and washed thres times with washing
buffer, then 100ulwell of peroxidase conjugated anti-biotin antibody (dilution
12000-1:4000 in PBS, pH 7.4) Was added and incubated for 90 minutes &t 37°C. The
plate was washed thres times wilh washing buffer and enzyme substrate (O-
phenylenediamine with HyO:) was added lﬂ[!!;wﬁ.\rell and the color was aliowed 10
developed at room temperature in the dark for 5-10 minutes. The reaction wes
stopped with 25pwell of 4M HyS0, and the absorbance was read with microtiter
plate reader, The concentration of BSM was plotied against sbsorbance of standard
or semples and the samples' absorbance was read for the concentration of

sialoglycoconjugates standard curve.



RESULTS
The isolation and purification of lectin from Thai marine crabs {Scylla serrata)

Th lectin from hemolvmph of Thai marine crabs was successfully purified by
using affinity column chromatagraphy which used BSM-Sephaross as solid suppon
&5 shown in Figure |. Tt was found that the bound peak which has been eluted by
aéidic buffer without CaCly containing the hemagglutination activity. It was pooled
and then lyophilized us & powder for further step of purification using mini-
preparative electrophorests or biotinylation, It wis showed & molecular weight about
70 kDa -on PAGE by silver staining (Figure 2),

The charscieristics of the purified lectin,
The purified lectin from mini-preparative electrophoresis was transferred by
elecirobloting to PVDF meémbrane (Figure 2), then the positive band was cut and
sent to the BioSciente Service, Birmingham, UK for analysis of mim.uaid
composition and N-terminal sequence as shown in Table 1 and Tahle 2
Biotinylated form of lectin was used for charscterization by gompetitive
technique using enzyme linked anti-biotinylated lectin assay. Figure 3 showed typical
inhibition carves against various inhibitors. 1t was found that this purified lectin
demonstrated strong binding just only bovine submexillary mucin (BSM) and
colomirjc agid. Neuraminidase was used to digest immobilized BSM on microplate
and then probed with B-fectin and enzyme conjugated anti-biotin antibody for this
confirmation of specific activity a& shown in Figure 4.

The determination of optimal conditions for the standard method for

guantitation of sialoglycoconjugates in bumen serum samples.



1t was found that the optimal dilution of the above biotinylation technigue was
150 1o 1:100 and enzyme conjugated anti-biotin antibody was 1:1000-1:2000
dilution.

Whan the ebove conditions were used to eveluate the precision of the
absorbance obtained from the assay, it was found that the coefficient of vanation of
well to well and different plates were 12:85% and 9.46%, respectively,

The quantitation of sigloglycoconjugates in normal human serum samples and
cancer serum samples.

The developed enzyme linked snti-biotinyluied lectin assay was used to
determine the quantity of sialoglycoconjugates in both normal and pathological
hiuman sepum sainples. It was found that the amount of sigloglycoconjugates in
normal human serum samples (N = 471 ) was which & significant =
aifforence (p < 0.0001) from the pathological (¢anoers) ones (N = 35) which was

33 shown in Figure 6.
DISCUSSION

The purified lectin from the Thai marine crab has showed its size differ from
a previons study (Pinitglang, 1989) which showed the size of 100 kD 1t was found
that it showed reactivities against sialoglycoconjugates such as BSM and colominic
acid The feruin which is another sialoglycoconjugates found in fetal serum show a
strong resctivity with this lectin (data not showed). Colominicacid is & polymer of
N-acetyl neuraminic acid found in bactetia showed inhibitory activity as we expected.
On the other hend, fres N-acetyl neuraminic acid showed no reactivify agamnst this
lectin. Furthermore, other polyanion substances such as heparin, dextran sulphate,
profeogiveans, chandroitin sulphate, keratan sulphate, and pentosan polysulphate

have howed Ho reactivity. It has been suggested that this lectin is specific to 3



‘sioglycoconjugates although the sialoglycolipid has not been tested in this study

hiieh need 1o be investigated including the linkage specificity of sialic acid to other
SUEArs.

The newly develaped method described here can be used for quantitation of
silaloglycoconjugates in human serum. The cancer serum samples wers selecied
from tumor marker Jzboratory in our department which has performed the datection
of CEA. They weze subjected to be parallel quantify for sialoglycoconjugates by
deveioped assay with normal healthy serum, It wes found thet there wene

significantly difference in both groups (Figure 6).
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Table | Demonstration of the concentration of amino acid compositon of the
purified lectin obtamed from the affinity chromatography, mini-

preparative PAGE and clectro-blotting onto PVDF membraze.

Amino acid Concentration (n.mole/sample]*®
Asp 18
Thr 7.8
Ser 11
Giu 14
Fro 6.4
Gly 13
Ala 6.0
Val 9.0
Met 2.5
lie 5.2
Leu 11
Tyr 3.1
Phe 8.3
His -8
Lys 5,0
Arg 6.4
s .

*Mote about amino acid snalysis- Asnand Glo are completely converted to
Asp and Glu during the acid hydrolysis of the protein. The value for Thr and
Ser have been corrected for hydrolysis losses of 5% and 10% respectively.
‘l-"rp usually suffers complete loss during acid hydrolysis &nd is not normally
quantified. in proteins, Cys1s usually observed as cysting, The recovery of
Cys is vanigble when using standard hydrolysis conditions. Values are

reporied to two significant figures.



Teble 2 Demonstration of the N-terminal amino acid sequence of the purified
jectin obtained from the aﬁ‘u‘.it;.r chromatography, mini-preparative

PAGE and sleciro-blotting onto PVDF membrane.

Residue Amino acid
] Asp
2 Ser
3 Pro
4 Gly
3 His
6 Ala Y.
7 Ser
8 Asp
9 Aln

10 Gin
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Abstract
A characterization of a monoclonal antibody to polysulphated

polysaccharides and a method for the determination of heparin and
hieparin like subsiances in human plasma are described. The antibody
shows specific reactivity against heparin and semisynthetic heparin like
substances such as dextran sulphate, pentosan polysulphate, and
glycosaminoglycan polysulphate, The principle of the method is based
on the rezction between the heparin and a biotin-labelled monoclonal
antibody against polysulphated polysaccharides. ‘Protamine sulphate
complex is immobilized on an activated polyvinyl chloride microplate.
The unknown samples containing heparin and heparin like substances or
standards are added in the presence of excess biotinylated monoclonal
antibody (B-Mab). The B-Mab that binds to the immobilized antigen is
then incubated with enzyme conjugated streptavidin, after the addition of
enzyme substrate absorbance is measured using a microplate reader, The
assay is convenient, compatible with the accepted method and suitable
for the laboratory equipped with the ELISA instruments and is also
capable of measuring heparin and heparin like substances in solution at
the submicrogram or milliunit (mU) level which could be applied for the

kinetic studies for such substances, The assay wasused in determining

'H'-l
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the heparin in human plasma from normal subjects and thelassemia

patients with and without epitaxis.
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Abbreviations
DS ‘dextran sulphate
ELISA enzyme-linked immunosorbent assay
ELISIA enzyme-linked immunosorbent-inhibition
assay
LAB labeled avidin biotin
MAD monoclonal antibody
POPS polyolpolysulphare
PPS pentosan polysulphate
T-gel Thiophilic-gel

A
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INTRODUCTION

Heparin is an aliemating mpnlgm‘ar-uf a uronic acid and an amino
sugar, and its struéture is commonly represented by its prevalent
disaccharide sequences of g-1,4-linked L-iduronic-acid 2-sulphate - D-
glucosamine N §-disulphate (IduA-28 - GIoNSO3-65) (1). The
anticpagulant effect of heparin is to a large extent a direct consequence
of its catalytic action of thrombin inhibition by antithrombin ITL. Most of
sensitive techniques for heparin assay are'based on either on its overall
anticoagulant activity (2) or on mote specific properties such as the
inactivation of thrombin (3) or Factor Xa (4,.5). The competitive binding
assay for heparin and other therapeutic sulphated polysaccharides in
plasma, serum and urine was reported by Dawes and coworkers (6) using
radioactive heparin completed with sample for binding to polybene-solid
phase.

We describe the characterization of a moroclonal antibody against
protamine sulphate, heparin and heparin like substances. In addition, we
have d;veln;:ﬂd a method for determining of heparin and heparin like
stibstances by testing this antibody tested in human plasma from both
normal subjects and thalassemia subjects to evaluate the possible causes
of patient with abnormal bleeding.

MATERIALS AND METHODS
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Immunization in Balb/c mice and hybridoma development

Female Balb/c mice aged 6-8 weeks were immunized with 2
complex made from protamine sulphate and polyolpolysulphate from
Luitpold-Werk, Munich, Germany (POPS) in a ration of 1:3 by weight.
Each mouse was given 500 ul of antigen complex sulution mixed with
500 pl of complete Freund's adjuvant, injected subcutaneously. After 14
days, the same complex mixed in the incomplete Freund's adjuvant was
injected intraperitoneally into all mice (500 il each). They were then
injected intraperitoneal with the antigen complex inan incomplete
Fréund's adjuvant, on day 35 and receive: 100 pl of antigen complex
without adjuvant on day 56, On day 59 their spleenocytes u.m fused
with the myeloma cell line (X63 Ag 8.653) using polyethylene glycol as
fusing agent. Tissue culture media from individual hybridoma cell lines
were scregned against POPS and protamine sulphate complex by using
an ELISA technique. Positive wells were cloned as monoclone by
limiting dilution technique, expanded in bulked cell-culture and growr in

serum-free media for production of menoclonal antibody.
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Purification of monoclenal antibody from serum-free medium

‘Monoclonal antibody (Mab) was purified by thiophilic edsorption
(T-gel) column chromatographe as described elsewhere (7, 8). Briefly,
hybridomas were separated from tissue culture serum-free media by
cenirifugation. Potassium sulphate was added to the media to a final
concentration of 0.5M which before applied to a T-gel column (a gift
from Dr Jan Carlsson, Pharmacia Diagnostics AB, Uppsala, Sweden)
equilibrated with washing buffer (50mM phosphate and 0.5M potassium
sulphate, pH 8.0), After samples were applied to the column, unbound
protein was efuted from column with washing buffer. The monoclonal
antibody which bound to the column was eluted by buffer (S0mM
phesphate buffer, pH B.0), Fractions were pooled, dialyzed against
double distilled water and lyophilized to provide purified Mab for
testing.
Biotinylation of monoclonal antibody

Biotinylation of Mab was done by a standerd method. Briefly,
Mab which had been prepared as described above, was dissolved in 0,1
sodium hydrogen carbonate buffer pH 8.5 and mixed 3:1 (w/w) with N-
hydroxysuccinimidobiotin (Sigma, St. Louis, MO, USA) (34.1 mg/ml in
DMSO0) at room temperature for 1-2 hours. The mixturs was applied to 2

Sephadex G-25 column and eluted with PBS, pH 7.4, The excluded
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protein peak was collected, aligouted and store at -20°C as & stock
solution of biotinylated monoclonal antibiody (B-Mab).
Enzyme-linked imm unosorbent-inhibition assay (ELISIA) for
characterization of monoclonal antibody obtained using the labeled
avidin-biotin (LAB) technigue.

Characterization of the Mab obtained from the hybridoma was
performed by using an ELISIA-LAB technique, Various concentrations
of the preparations of DS, xylan,; heparin, heparan sulphate, keratan
sulphate, dermatan sulphate, hyaluronan, chondroitin sulphates {-3- and -
G-sulphate and -3,6-disulphate), or calf thymus DNA in 6% BSA-PBS
were incubated with appropriate dilutions of B-Mab in PBS-T'ween 20
((L05% viv) at room temperature for at least 1 hour. The reaction
mixtures were applied to plates in which the protamine sulphate-FOPS
was bound and BSA-blocked, the level of B-MAb which bound 1o the
wells was determined by the addition of peroxidase conjugated
streptavidin (Amersham, UK; 1:1000 in PBS) followed by peroxidase
substrate and the absarbance at 492/690nm was determined by
micropiate reader. For this assay, triplicate results were averaged and the
percentage inhibition was calculated from the means. Inhibition curves

were consiructed from these data using log/linear co-ordinates.
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Human plasma samples
The plasma samples were prepared from venous blood using 3.8%
trisodium citrate In normal saline solution as anticoagulant (at 10% viv),
The subjects were healthy and non-hospitalised individuals aged bstween
18-47 years who no sbnormal bleeding. The thalassemia patients with
repeated episodes of epistaxis and without abnormal bleeding were
selected from OPD # 29, Maharaj Nakorn Chiangmai Hospital. All of
the subjects were in accordance with the current revision of the Helsinki
Declaration of 1975, The blood samples were centrifuged at 3,5000 rpm
for 10 minutes, and plasma samples were séparated. An equal volume of
pronase solution (Img/ml) was added to each plasma samples and then
incubated at 37°C overnight (more than 12 hours). The digested samples
were boiled for 3 minutes and centrifuged as described above, and the
‘rasulting supernistant Muids were collected as pretredted samples for
further assay.
“he quantitation of beparin in human plasma samples by
HEPTEST®
The HEPTEST® kit was purchased from Sigma Chemical
Company, 5t. Louts, MO, USA. The assay procedure consists of
incubating an undiluted test plasma sample with an equal volume of

Factor Xa for 120 seconds at 37°C, thereafter this reaction mixture is

-
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recalcified by the addition of RECALMIX®, The time required for the
plasma mixture to clot is converted to heparin units/ml using a siandard
calibration curve. This assay kit for heparin Is used to quantitate the
amount of heparin in the plasma sample, and compare with the amount

from the method as described above.
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RESULTS
The production of a monoclonal antiﬁud_}'

Several hybridomas were obtained from the fusion of spleen cells
and myeloma using polyethylene glycol as fusing agent. Hybridomas
from the highest titer of ELISA-positive wells were expanded and cloned
by the limiting dilution technique, Some of them showed a strong
reactivity with pure protamine sulphate; others showed & stronger
reagtivity with the complex between ﬁrﬂt&rﬂiﬁ: sulphate and POPS or
heparin. One of the later clones was selected 1o produce menoclonal
antibody for further evaluation. The supermatants were successfully
charactenzed by sub-typing of the immunoglobuling by specific
antibodies and the immunoblotting technique, 1t was found that this
clone produces IgM Immunoglobuling and x-light chains,

The characteristies of the monoclonal antibody

The moncclonal antibody was successfully punified by using T-gel
column chromatography. Biotinylated form was used for
characterization of the antibody by ELISIA-LAB technigue. Figure |
shows typical inhibition curves against various inhibitors. It was found
that this antibody demonstrated strobg binding to polyolpolysulphate end
heparin but interacted relatively weakly with heparen sulphate.

Heparinase was used to digested heparin for this confirmation (Figure 2)
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and shaws no cross-reaction with naturally occutring sulphated
polysaccharides such as human keratan sulphate, bovine nasal cartilage
proteoglycan; and DNA {Figure 3). However, it showed a strongly
reaction agsinst naturally nccuning-patgsulphaﬁd polysaccharides such
as chondroitin sulphate E, fucoidan, and carrageenan type IV-as shown in
Table 1 as n concentration at 0% inhihitian.[ICEﬁ}. Farthermore, it
reacts with semi synthetic polysulphated polysaccharides like peniosan
polysulphate, dextran sulphate, and glycosaminoglycan polysulphate but
does not react with their precursors.
The determination of optimal conditions for the standard method for
quantitation of heparin and heparin like substances in plasma
samples.

The optimal concentration and dilution of B-MAb were
determined by performing the titration chequerboard of various
concentration of antigen and dilutions of B-MAb. 1t was found that the
optimal of antigen complex for coating plate is 100pg/ml and dilution of
1:2000 i for B-MAb was used in & competitive inhibition mixture.

When the sbove conditions were used to evaluate the precision of
{he absorbance obtained from the assay, it was found that the cosificient

of variation of well to well and the average abosorbance from three wells

were 12.85% and 9.46%, respectively.
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The sbove conditions were used as the standard method for
quantitation of heparin in human plasma samples. Normal human
plasma samples were used for the evaluation of precision as intre- and
inter-assay. 1t was found that the coefficient of variation are 3.60% and
| 3.67%, respectively. Accuracy was determined by spiking & known
amount of porcine heparin ranged between 20-1 0,000ng/m!i which has
been diluted in 1% BSA to the pooled human plasma samples. The true
values were determined by using a standard method as described above
and recovery was 138.86 + 16.51%:

The quantitation of hepurin in normal human plasma samples.

A typical standard curves for quantitation of heparin piasma 18 o
shown in Figure 4. The plasma samples were obtained from normal
healthy volunteers aged 18-47 years without history of bleeding problem.
It was found that the normial value ranged from 4,54 pg/ml to 9.16pg/ml
(mean = S:D.=6.50 £ 1,56pg/ml),

The comparisen of the developed method and HEPTEST®

Twe methods have been used to quantitate heparin ina parailel
manner using the same human plasma samples at various quantities of
added heparin. And the results from both assays were compared as

carrelation acatter graph. I was found that both methods shown the

correlation coefficient of 0.97 as in Figure 5.
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The guantitation of heparin in the Thalassemia patients.

Fifty two plasma samples from thalassemia patients with and
without history of sbnormal bleeding were subjected to determined
heparin by the same method. The degree of abnormal bieeding is based
on the frequency of repeated epistaxis, _rangin g from { (no epistaxis) to
+4 (epistaxis occurs every 1-2 weeks), There was no significantly
difference and correlation inthe plasma heparin levels between normal
individual (6,50 + 1.560g/ml} and thalassemia patients with and without

epistaxis (618 + 1.92ug/ml; p > 0,03 as shown In Figure 6,



DISCUSSION

The monoclenal antibody has shown its reactivities against both
natural occuring and semisynthetic _pcslysulph&md polysaccharides like
furoidan, carmagpeenan (both found in sea algae), chondroitin sulphate E
(found in squid cartilage and the granule of mast cells), pentosan
polysulphate {from sulphatation of xylan), dextran sulphate (from
sulphatation of dextran}, and glycosaminoglycan polysulphate (from
oversulphatation of chondroitin sulphate), This antibody did not react
with xylan, & precursor of pentosan polysulphate, or with dextran, a
precurser of dextran sulphiate, or various types of chondroitin sulphate
which are precursors of glyeesaminoglycan polysulphate, The only
naturally vecurring polysulphate polysaccharides in plasnia are heparin
and heparan sulphate which the latter shows less sulphatation. However,
heparan sulphate was weakly recognized by this antibody which its level
could not affect this method, The enzyme which digested heparin was
used to confirm its specific activity as shown in Figure 2.

The newly developed method descéribed here can be used for
guentitation of heparin in human plasma, In the separated experiments, it
was [ound that there is no significant difference in plasma samples from
EDTA or citrate blood. Since EDTA is'used as a routing anficoagulant in.

hematological laboratory evaluation, it would more convenient to add
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heparin quantitation to many hematological tests. Themost appropriate
ariount of EDTA for sample preparation needs further investigation dug
to its passible effect on enzyme digestion, The guantitation wassetup
for plasma samples because heparin binds to some coagulation factors
such as fibrinogen ot €Ven fibrin and they could be incorporated into the
blood clot. The blood congulation is a process {hat cause the releasing
of some biological substances suchas thrombospondin from platelets
which make serum containing this substanee more than plasma nearly
200 times more coagulable, Thrombogpondin has binding site for
keparin and could affect the assay.

The piasma samples must be digested with broad specirum
proteolytic enzymes like pronase since proteins in serum or plasma could
bind 1o protamine sulphate complex used for coating plate inthis
miethod, The enzyme 15 not only can temove the npn-speeific binding
proteins but also degraded the protein core which covalently bind to
heparin, The-contamination of hepariniase in this Profase &> confirmed
from the siudies of the percentage of recovery, If there was a
contamination of heparinase in pronase, it-should deplete the amount of
heparin that has been added to the samples in those studies. A high
percentage of recovery could be due to the contamination of h-:pa:in n

bavine serum albumin. Most of the high percentage of recovery WS in

‘1'
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the range of submicrogram level which could not affect much in the level
in plasta samples which contained heparin in the level of microgram
level, The protein contents of samples after digestion, boiling, and
centrifigation wers about 1 g% and this value was used to dilute the
heparin in the assay which make the conditions of the standards similar
to the sample ones.

The containing heparin in digested samples were confirmed by
performing the repeated digestion with heparinase spetific for heparin, It
was found that it has no inhibition activities against this antibody while
(e samples without digestion still contain this activity, The levels of
normal human plasma heparin substances obtained from ourassay are
compatible to previous report by extraction and electrophoresis technique
(2).

The ability of endothelial cells to synthesize heparan sulphate has
been demonstrated (10, 11) and it has been suggested that one might look
these same cells as the source of the plasma “heparinoid” constituent.
And additional potential source ofa nirculati:}g heparinoid molecules is
the platelet itself. Adhesion-dependent synthesis of heparin by platelets
was reported in 1982 {12), Further _i_pvﬁfiggtiﬂn should be addressed to
the differesice in sex and age. The-comparison of this method and others

such as coagulation based assays (activated partial thromboplastin
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{ime:APTT test), HEPTEST®, synthetic enzyme subsirate, competitive
binding assay and Inactivation of thrombin is of particular interest
especially in term of the structure, chemical and function relationship to
the immunological activity, The HEPTEST® is based on the inhibition of
Factor Xa by antithrombin 111 is accelerated by heparin, Under optimum
conditions the amount of Xa activity neutralized during a predetermined
time period is directly proportional the concentration of heparin in the
reaction mixture, It was found that both developed method and
HEPTEST® showed the compatibility with the correlation coefficient of
0.97, which confirmed that this method is comparable with the previous
one in quantitation of heparin. Furthermore, this method could be used
for the kinetic studies of polysulphated polysaccharide drugs (13) which
has been used in HIV infection.

Tlhiere is no significant difference in heparin level between healthy
and thalassemia subjects, Furthermore, there was no correlation between
the level of heparin in thalassemia patients and the:severity of repeated
epistaxis (Figure 6). This could lead us to understand and explain the
cause of epistaxis in thalassemia patients which may be from the vitamin

deficigncy or other factors which remain to be investigated.
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Legend to the figures

Figure |

Figure 2

Figure 3

An inhibition curve for biotinylated monoclonal antibody
and heparin, heparan sulphate and polyolpelysulphate
(POPS), The inhibitor were incubated with-optimal dilution
of antibody and then added to the protamine complex coated
plate. The enzyme conjugated streplavidin was used as a
probe which demonstrated by enzyme substrate, and

ubsorbance was determined by microtiter plate reader

An thibition eurve for demonsteating of the effects of
heparinase. The samples were subjected to digest with
heparinase boiled prior (o add to be n sample in the
competitive inhibition mixture with biotinylated monoclonal
antibody and then added to the coated plate followed by the

standard procedure as described in the method section.

An inhibition eurve to demonstrating of the reactivity of
hiotinylated monoclonal antibody against proteoglycans

fragments and ;jal'f'th}r'muﬂ}ﬁﬁ comparison with standard

heparin. The various concentration of individual imhibitor

iy




Figure 4

Figure 5

Figure 6
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was incubated with optimal dilution of biotinylated
monoclonal antibody, and then added to the coated plate,
followed by enzyme conjupated strepiavidin and substrate

sgcording to the standard ELISA method,

A typical standard inhibition curve obtained for the
quantitation of heparin in human plasma using biotinylated
monoclonal antibody, a5 deseribed in the materials and

methods,

A correlation curve between developed mehtod (ELISIA-
LAB technique) and HEPTEST? test for quantitation of

keparin in plasma.

A scatter graph of the level af heparin and the degree of
repeated epistaxis in thalassemia patients using the

developed method:
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Legend to the table

Table 1 A tabie showing the various type of inhibitors and their
concentration at 50% inhibition of antibody activity using

competitive assay.




Table 1

Inhibitors

POPS
Glycosaminoglycan
polysulphate

Hepatin

Pentosan polysulphate
Dextran sulphate
Chondroitin sulphate B
(4,6-disulphate)
Carragesnan

Fucoidan

Heparan sulphate

Calf thymius DNA

1C50 (ng/ml)

60

220

300

8 &

1000
1050
1050

6000

1.‘
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