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ABSTRACT

The HBcAg gene of HBV was cloned into the pRIV-2 expression vector for the synthesis of the 22-kD protein. The
expressed protein was assembled into particles with a 7% expression level of total E. coli proteins present in a 15%
SDS-PAGE. HBcAg was purified to 90% by using a combination of two purification steps with ammonium sulphate
and a CL-4B sepharose gel filiration chromatography. The total recovery of the proposed methodology was 47%.
The use of this protein in the diagnosis of HBV infection was evaluated by ELISA using a panel of positive and
negative sera. The values of 99.3% specificity and 97.9% sensitivity demonstrated the potential use of purified
HBcAg in the serodiagnosis of HBV infection.
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RESUMEN

Purificacién del antigeno recombinante del core de la hepatitis B, y su uso potencial en el diagnéstico de
la infeccion con el virus de la hepatitis B. El gen del HBcAg del VHB fue clonado en el vector de expresién
pRIV-2 y usado para la sintesis en E. coli de la proteina de 22 kD. La proteina expresada fue capaz de ensamblarse
en forma de particula con un nivel de expresién del 7% con respecto al total de proteinas de E. coli presentes en un
SDS-PAGE del 15%. El HBcAg fue purificado hasta un 90% utilizando una combinacién de dos pasos de precipita-
cién con sulfato de amonio y una cromatografia de filtracion en gel de sepharose CL-4B. El recobrado total del
método propuesto fue del 47%. El uso en el diagnéstico de la infeccion por el VHB fue evaluado por ELISA
mediante un panel de sueros positivos y negativos. Los valores obtenidos de 99,3% de especificidad y 97,9% de
sensibilidad demostraron el uso potencial del HBcAg purificado en el serodiagnéstico de la infeccién con el VHB.

Palabras claves: diagnéstico, HBcAg, purificacién, VHB

Introduction

Hepatitis B virus (HBV), a member of hepadnaviridaesponse is observed. These characteristics make the amtNeurath AR, Thanavala Y. Hepadnavi-
family, is a small enveloped DNA virus that replicatesHBcAg antibodies a useful serological marker in thevses: Immunochemistry of viruses. In: van
. . . N X X . egermortel MHV, Neurath AR, editors. The
by reverse transcription [1]. The 3.5 kb HBV genomadiagnosis of HBV infection, considered a serious healtbusis for serodiagnosis and vaccines.
is enclosed in a viral nucleocapsid composed of thgroblem with as much as 5% of the world’s popuIatior’]ﬂ;j;(;erdf;"(;:3 Es';evief Science Publishers;
22 kD core protein (HBcAg). The viral capsid or coreinfected with HBV [8]. e
particle has an icosahedral structure and assembles intoThe production of HBcAg in a heterologous host. Wingfield PT, Stahl IS, Williams RW, Steven
two spherical shell variants: a smaller capsid composdike E. coli provides a suitable way to obtain enougHf S, iePais sore entaen produced in
of 180 core protein copies (90 dimers) with a trianguantigen to be used not only for biophysical and moftonal analysis, and in vitro capsid assem-
lation number T=3 and a larger one composed of 24ghological studies but also for the development of antf!y- Biochemistry 1995,34:4919-32.
copies (120 dimers) with a T=4 [2]. The HBcAg ex-HBcAg diagnostic systems. Also, more recently it Was. zheng J, Schodel F Peterson DL. The
pressed in heterologous hosts sucBsherichia coli  successfully used as a carrier particle to enhance thjeycture of hepadnaviral core antigens. J
. . R . . . . . Biolog Chem 1992;267:9422-9.
[3-5] is able to assemble into a particle, indistinguishimmunogenicity of foreign proteins [9-11]. Most of
able from authentic capsids in terms of antigenicitghe commercially available assays for total anti-HBCAQt- Nassal M, Rieger A, Steinau O. Topo-
and morphological structure [6]. are competitive, based on the presence of an immuiﬁ',?ﬁl':g‘y"'!yﬂfe‘i’:;f‘fyi‘feﬁﬁf;’;ﬁfs:'_’,'fjkﬁﬁ;e_
Anti-HBcAg test was first used in the middle of theodominant epitope on the HBcAg surface, which iS Mol Biol 1992;225:1013.
80's in an effort to identify donors at risk of transmis-virtually recognized by all sera of acute and chronig, Pushko P Sallberg M, Barisova G, Ruden
sion of post-transfusion non-A, non-B (PT-NANB) individuals [12, 13]. Here, HBcAg was expresseH.in U, Bichko V, Wahren B, et al. Identification
hepatitis [7]. Several years later, the HCV was identieoli using a plasmid controlled by a pL promoter. Purivfhesuﬁﬁs_ Btviruslsofz prf?:;in regrifons e
fied, and it was shown to be responsible for most, ification was achieved by the combination Of tWO S€Figeag particles by scanning with mono-
not all (>90%) cases of PT-NANB hepatitis [8]. How- quential ammonium sulphate precipitations and gelonal antibodies. Virology 1994;202:
ever, the screening of anti-HBcAg donors contributeéiltration chromatography on a sepharose CL-4B col?'?2%
to the elimination of the potential infectious units fromumn, which represents a suitable and efficient way t@ Baticher B, Wynne SA, Crowther RA.
HBV chronically infected individuals with no detect- obtain a highly purified HBcAg. Antigenicity of the ff:;er:;'":e*:’:“",‘;;hgfji"r’u‘;“g‘ye core pro-
able HBsAg and also the units from donors with acutpurified HBcAg was evaluated by a direct ELISA for- cryomicroscopy. Nature 1997;386:88-94.
hepatitis B who are in the window period where HBsAgnat. This format was similar to the assay published by

. Bianco C. Hepatitis testing. Immun In-

is not detectable and only the IgM anti-HBcAg re-Nelleset al. [14] using protein A/horseradish peroxi- vest 1995,24:155-61.
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dase (HRP) as the conjugate, instead of monoclonghturation) were added to the supernatant, which was

antibodies specific for human IgG and IgM. incubated under the same conditions shown in the pre-
vious step. The solution was then centrifuged for 20 min

Materials and Methods at 26 000 g and %C. The precipitate was suspended in
10 mL of the buffer (100 mM Tris, 150 mM NacCl,

Reagents 2mM DTT and 0.01% (w/v) sodium azide, pH 7.5),

Sodium azide, tris, ammonium sulfate, HRP, orthoused also as the mobile phase during the chromatogra-
phenyldiamine (OPD) and dithiothreitol (DTT) were phy purification step. The suspension was concen-
provided by Sigma Chemical Co (ST Louis, USA). Therated to 2.5 mL in a stirred ultrafiltration cell (Amicon
human anti-HBcAg/HRP from Abbott GmbH (Wies- Inc, Beverly MA, USA), using a YM10 membrane and
baden-Delkenheim, Germany) was used as the conjfitered through a membrane of 04 pore size (Sar-
gate. The 96-well microtiter plates (Polysorp) werdorius, Goettingen, Germany).

purchased from Nunc Inc., Denmark. The bovine se-

rum albumin and Coomassie brilliant blue G-250 Weré:hr°,m°*°9’°|°h)’ on the sepharose CL-4B
purchased from Spectrum (New Brunswick, USA)matrix

The protein A and sepharose CL-4B, used as the g€inally, 2.5 mL of the filtered antigen was loaded on a
filtration matrix, were from Amersham Pharmaciasepharose CL-4B column (C 90x1.6 cm), previously

Biotech (Sweden). equilibrated with the mobile phase described above.
. The column was eluted at a linear flow of 0.1 cm/min,
Cloning the HBcAg gene collecting 2 mL per fraction for 12 h. The equipment

The HBcAg gene was amplified by polymerase chaimised were an uvicord Sll 2238, a two-channel recorder

reaction (PCR) from the pR2M6-HBcAg constructionrec-480, a fraction collector Frac-100 and a peristaltic

[15], using a set of specific primers (sense primer: 5pump P-1, all purchased from Amersham Pharmacia
CTTGGATCCATGGACATTGACCCTTAT-3', anti- Biotech (Sweeden).

senseprimer: 5'-GAAGGATCCAAGCTTACAT- . . )

TGAGATTCCCGAGA-3'). The reaction mixture The isopycnic CsCl gradient

(100 pL) contained 2.5 mM Mg&l50 mM KCI, A a stepwise CsCl density gradient was loaded with

10 mM Tris-HCI pH 9.0, 0.1 %Triton X-100, dNTP 0.5 mL of chromatography purified HBcAg at a con-

mixture 0.2 mM each, 10 pmoles of each primers ancentration of 0.23 mg/mL. The gradient was made by

2.5U Tag Pol. The reaction was incubated at 94 °CGayering from bottom to top 4 mL of CsCI at 8. Infection disease testing for blood trans-
55 °C and 72 °C for 1 min respectively, 25 cycles. Thé.422 g/mL, 2 mL at 1.288 g/mL, 2 mL at 1.175 g/mLf?'{S]“;"sl-sN']*'_g;’"se"S Statement 1995 Jan
amplified gene was cloned into the pRIV-2 vectorand 2 mL at 1.079 g/mL in 0.1 Wis-HCL buffer (pH B

(Pharmacia, Sweden), under the control of a pL prd?.5) plus 0.15 MNaCl. Tubes were centrifuged in a 9- Wizemann H, Weiland F, Pfaff E, von
moter, using the restriction sitisd/BarrHI (Biolab,  Hitachi SCP70H centrifuge (Japan) USING @ RPSA0 v oo e e
USA). Expression was tested i coliW3110 cells rotor at 160 000 g for 24 h at 4 °C. Thereafter, thepitopes of different HIV-1 subtypes. Biol
previously transformed with the pGP1-2 plasmidgradient was carefully fractionated, from bottom tothem 2000;381:231-43.

which confers kanamycin resistance and codifies faiop, in 0.5 mL fractions using a peristaltic pump P-110. Murray K, Shiau AL. The core antigen

the cI857 protein, the pL promoter repressor. The refractive index of each fraction was measured ugthepatitis B virus as a carrier for immu-
. . X nogenic peptides. Biol Chem 1999;380:
. ing a Sibuya Optical refractometer (Japan). 277-83.
Expression of HBcAg Fractions containing HBcAg were detected by

. . . . 11.P P E.H titis B
Transformed cells were grown in 30 mL of the LB me-ELISA. Microtitration plates (Nunc Inc., Denmark) parﬁcu,:"s”z:“unﬂf::, disploy model: o

dium [11], supplemented with ampicillin (50 mg/mL) were coated with anti-HBcAg rabbit polyclonal anti- structure-function basis for development.

and kanamycin (50 mg/mL) for 12 h at8 When cell  body (CIGB, Havana, Cuba) at 10 pug/mL in phosfE8S Lett 1999:442:1-6

density reached 1.0 OD units (at 610 nm), the culturghate buffer saline (PBS). After washing with PBSi2. Miller WJ, McAleer WJ, Callahan T,

was diluted 1:10 in a fresh LB medium, supplementeglus 0.05 % Tween 20 (PBS-T), 10 pL of each fractioffventors Merck & Co, assignes. Assay for

with ampicillin and kanamicin, and incubated at 28 °Gvere mixed with 90 pL of PBS, and incubated for 1 h a1,2p41,175. 1980 Dec 23. v )

for 4 h. Induction was made by thermal shock at 42 °G37°C. Then, the plate was washed again and 100 pL 93f Tordioman M. Rabillon V. Abouth D

for 10 min, followed by incubation at 42 °C for 5 h.  the anti-HBcAg human polyclonal antibody conjugatetepo c, Hoffembach A, Somme G. Specific
. . to HRP (Corzyme, Abbott Laboratories) were addedetection of antibodies with an enzyme

Cell disruption to each well. The plate was incubated at 37 °C for 1 [funoossay using recombinant FiSchg

One gram of biomass was homogenized in 10 mL of TEnd washed again. Finally, 100 pL of the substrater92;43:21-30. '

1x buffer (10 mM Tris, 0.1 mM EDTA, pH 7). The buffer (citrate phosphate buffer pH 5.5, 0.014%% |, Nells MJ, Taylor L, Filer S, Wellorson R

suspension was sonicated (U200S sonicator IKA.25% OPD) was added to each well. The plate Wasiberzett! C, Sito A, Geltosky JE. Detection

Laborthecnik, Germany) for 3 min intervals at a 70%ncubated in the dark for 10 min and colour developef antibody to Hepatitis B core antigen

output in an ice-bath. Disrupted cells were centrifugechent was stopped with 50 pL/well of 2.5 M suIphuric#ﬁ?,::,'Efrld”jﬁfe,f’,pﬂ':ﬁl {anfiglobulin )

for 25 min at 26 000 g to remove the precipitate.  acid. The OD was read at 492 nm in a reader platgy assays for anti-HBc. J Virol Methods

) o (SenSident, LabSystem Inc., Finland). 1988,20:219-26.
Ammonlum sulphqte preapltqhon 15. Dominguez MC, Benitez J, Miranda A,

The clear supernatant obtained in the previous step?S-PAGE and blotting Canaan L Gavilondo JV. Production of a
was diluted with 80 mL of the TE 1x buffer. At room SDS-PAGE was performed according to the Laemmlipetic q:;?gnefn.’;r:g.o:sﬁ“ fsiﬁag thres differ-
temperature (RT), 5.04 g of (NJ2SO, (10 % satura- method [16]. Proteins were mixed 1:1 with the samplenfl eXPress;?;; ;*fﬁé?i;sig‘i"erva Biotec-
tion) was slowly added to the final volume of 90 mL,buffer containing 4% SDS, 125 mM Tris-HCI pH 6.9, 79" 7771 11754

with continuous shaking using a magnetic stirring ba20 % glycerol, 0.002% bromophenol blue with (reduc-6.Laemmli UK. Cleavage of structural
After 1 h, the solution was centrifuged for 10 min ating) or without (non-reducing) 108mercaptoethanol. E;‘;ﬂ:‘;ﬁ:ﬁ;‘gﬁ’ gesombly of ’Tg;&‘;"ﬁf

14 000 g and 4C. Then, 16.47 g of (NDLSO,(40%  The samples were heated for 5 min at 100 °C. Polygso-3.
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acrylamide gels of 15% (w/v) were used. Coomassi8

brilliant blue staining revealed the protein bands. | p —
Immunoblotting analysis was performed by the

method of Towbiret al. [17]. Briefly, after protein g;

transference the nitrocellulose membrane was blocked

with 5% dry skim milk (Unipath LTD, Hampshire,

England) in PBS for 1 h at 3T. The membrane was

exposed to the anti-HBcAg monoclonal antibody .-

(AcM22) conjugated to HRP (CIGB, Havana, Cuba), =

diluted 1:200 in PBS-T. After washing with PBS-T, 1

the membrane was revealed with 3,3’- diaminobenzi- =

dine (Sigma Co., ST Louis, USA).

Immunoassay for anti-HBcAg detection

The antigenic property of the purified antigen was evalys
ated by ELISA. Microtitration plates (96 wells/plate,
Nun Inc., Denmark) were coated with 3.5 pg/mL ofl(D
purified HBcAg in PBS. The coating was carried out al
45°C for 90 min. Serum samples (100 pL/well) were
diluted 1:20 in PBS, 2% BSA and 2.5 mM DTT. Plates 55
were incubated for 1 h at 3€, and washed four times

with 200 pL/well of PBS+T. A mixture of protein A/
HRP and human anti-lgM monoclonal antibody/HRP 25 -
(CIGB, Havana; 100 pL/well) was added, and plates ¢—"BcAd
were incubated for 1 h at 3C. The substrate buffer

was added and the reaction was stopped as in the pragz  «

viously described ELISA in the isopycnic gradient topic. .

A panel of 452 negative sera from volunteer blood do- I —

nors was used to evaluate the specificity of the assay. a b ¢ d e f

Ninety six positive sera were used to assess sensitiv-

ity. All sera were previously tested by the radioimmu-_ .
noassay CIAE SPRIA anti-HBcAg (Beijing, China), Figure 1. SDS-PAGE (A) and Western blot (B) analysis of

.
.
.
.

.

HBcAg expression in W3110 E. coli. Lanes: a, molecular mass

according to instructions. markers (66 kD BSA, 55 kD immunoglobulin heavy chain,
25 kD immunoglobulin light chain, 14.4 kD lisozyme); b, wild
Resu HS type W3110 E. coli; ¢, transformed W3110 expressing HBcAg;

d, soluble fraction after sonication; e, insoluble fraction after

Cloning and profein expression sonication; f, soluble fraction after sonication assayed under
non-reducing conditions.

The HBcAg gene was amplified by PCR using specific
primers and cloned in the pRIVE. coli expression
vector. SDS-PAGE analysis of disrupted W3H.0 a b c
coli cells shows a protein band at the expected 22 k

size in the induced clones. The expression level was: &~
about 7% of the totaE. coli proteins (Figure 1A).
Specificity of the protein was confirmed by Westernas
blot using anti-HBcAg AcM22 (Figure 1B).

Ammonium sulphate precipitation 17

Initial two-step precipitation with ammonium sulphate
is shown in Figure 2. At the first 10% saturation step
a considerable amount Bf colicontaminant proteins

precipitated, while HBcAg was still soluble in the su-
pernatant. After the final 40% saturation step HBcAg
was obtained in the precipitate. Using this stepwisEigure 2. SDS-PAGE analysis of the two-step ammonium

precipitation procedure, the HBcAg is enriched frorﬁulfote precipitation (equal volume of 10 uL of each fraction
! obtained was applied on the gel). Lanes: a,i, molecular mass

the initial 7% to 35% purity (Figure 2)- markers; b,c, pellet of 40% saturation; d, supernatant of 40%
saturation; e, pellet of 10% saturation; f, supernatant of 10%
Chromatography on sepharose CL-4B saturation; g, soluble fraction after sonication; h, wild type

Partially purified HBcAg was chromatographed on aV3110E. coli

Sepharose CL-4B column (Figure 3A). In the first elu-

tion peak (fractions 10-16) thré&e coli contaminants Also, above the HBcAg there are some weak bands

are mainly eluted and well separated from the HBcAghat were recognized by the anti-HBcAg AcM22. These

elution region (fractions 23-38), which was pooled andbands are probably the result of an insufficient;, 1o,bin H, staehelin T, Gordon 1. Elec-
considered to be the purified HBcAg. Figure 3B showsnonomerization, similar to that observed in Figure 1Btrophoretic fransfer of proteins from poly-
the immunoblotting, where not only HBcAg was rec-lane f, when the sample was applied under non-redug&y'amide gels to nitrocellulose sheets:

procedure and some applications. Proc

ognized, but also a degradation product can be observény condition. The final purified protein had 90% pu-Natl Acad Sci USA 1979;76:4350.

140 Biotecnologia Aplicada 2002; Vol. 19, No. 3
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Figure 3. SDS-PAGE (A) and Western blot (B) analysis of the
fraction eluted from chromatography on sepharose CL-4B
column. Lane: a, protein sample obtained in the 40%
saturation pellet. Numbers indicate the chromatography
fraction order.

|

Figure 4. SDS-PAGE of the final purified HBcAg assayed under
non-reducing condition. Lanes: a, HBcAg under non-reducing
conditions without preheating; b, HBcAg under non-reducing
condition with preheating; ¢, HBcAg under reducing conditions;
d, low molecular weight markers (Amersham Pharmacia Biotech,
Sweden).

was fractionated and each fraction was assayed by
ELISA for HBcAg detection. The maximum optical den-
sity was obtained at a 1.36 g/mL density (Figure 5),
which agrees well with the range of previously reported
densities (1.36 g/mL-1.39 g/mL) [19, 20].

Immunoassay for anti-HBcAg detection
18. Bradford MM. A rapid and sensitive

Purified HBcAg was evaluated in an ELISA format, inmethod for}hequanhfolhon ofhm-crogra;n
ntities of protein utilising the principle

order to demonstrate its correct antigenic properties aﬁ;&“ rotein.dye binding. Anal Biochem

its potential use in the diagnosis of HBV infection. Thei976,72:248.

analysis of distribution fitting for the whole negative popu-, 19. Pasek M, Goto T, Gilbert W, Zink B,

lation (452 sera) revealed a log-normal fit (Chi-Squarekhaller H, MacKay P et al. Hepatitis B vi-

rity according to the data obtained by the MoleculaR1.59, df =16, p = .156). The cut-off line of the ELISArus genes and their expresion in E. coli.

Analyst program (Bio-Rad Laboratories, USA) and thevas established as the value representing a 99 percentile

flture 1979,;282:575-9.

stepwise recoveries that are summarized in the Tablef giving a negative distribution. Three out of 452 nega20. Gerelsaikhan T, Tavis JE, Bruss V. Hepa-

Total protein concentration in the samples was detetive sera were positive according to our ELISA and amongj,I
mined by the method described by Bradford [18], usthe positive sera, two were classified as negative.

ing BSA as the standard curve.

When the purified HBcAg was analysed by SDS- 14— +2

PAGE using non-reducing conditions with or without

preheating, HBcAg and its degradation products were | 1
not able to enter the gel (Figure 4). Preheating in the
absence of the reduction agent was not sufficient for

the disruption of HBcAg particles.
Isopycnic CsCl gradient

The fact that HBcAg under non-reducing condition doe!

s B virus nucleocapsid envelopment
es not occur without genomic DNA syn-
thesis. J Virol 1996;70:4269-74.

—_

37

g/mL)
S

S 124 1

not enter the gel suggests the polymeric nature of thge
expressed HBcAg. To demonstrate that purified HBcAQ
assembled into a capsid, the isopycnic CsCl gradient

Table 1. Purification steps and the recovery of HBcAg. 1

Tofa! HBcAg Purity Purification Recovery
protein

(mg) (M9 (%) (fold) (%) 1
Extraction 160 12 75 1 100

Saline 18 63 35 46 52
precipitation

Purified HBcAg
(sepharose CL-4B)

6.2 5.6 90 2.6 47

141

Fraction number

—a— Density (g/mlL)
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Figure 5. ELISA for the detection of HBcAg in fractions obtained after the CsCl gradient.
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Discussion identified by Dalseg [25] in the C-terminal arginine

Initially HBcAg was prepared by isolating Dane par-cluster of HBcAg. We speculate that HBcAg degrada-

ticles (42 nm HBV virion) present in the plasma oftion probably takes place before the particles assemble,

HBsAg positive donors and then removing the surfacsince degraded bands are detected in the fractions cor-

antigen by contacting the Dane particle to a nonionicesponding to the HBcAg particle of 5-6 X6 Tia after

surfactant [21]. This methodology resulted expensivgel filtration chromatography, and disappear when the

with a high biological hazard. The genetically engineeredample is analyzed by SDS-PAGE under non reducing

production of HBCcAg in bacteria [3] or in yeast [22], conditions (Figure 4), suggesting that degraded bands. McAleer WJ, Miller WJ, Wasmuth EH,
have proposed a suitable way to obtain enough of thegether with intact 22 kD HBCAg participate in par-irenters; Merck & Co. assignee. US patent
recombinant HBcAg for morphological and biophysi-ticle assembly. The possibility that degraded bands " '

cal studies and also for the development of diagnosuld form a part of the assembled particles is als ~MiY°"°Kh°gh¢r Imamura & Abmki "
systems for HBV infection. supported by Zlotniclet al. and Beame®t al. [23,  gxpression of hepafitis B virus core anti-

Different protocols have been used to purify26], who studied the effect of the HBcAg C-terminusgen gene in Saccharomyces cerevisice:
HBCcAg expressed if. coli. Most of these protocols on capsid assembly and demonstrated that truncatgfesis of v polypeptides translated
are laborious and involve a combination of differenHBCcAg variants containing at least the first 140 aming 986;59:176-8o.
conventional purification steps, e.g. multiple ammo-acids still conserve the ability to assemble into thg, ,, ... Cheng N, Conway JF Booy
nium sulfate precipitation, gel filtration, ultracentrifu- capsid. FP Steven AC, Stahl SJ, Wingfield PT. Di-
gation gradients on sucrose or CsCl and generally no The immune response to the HBcAg mainly recogg::’;ghli“i*; ff:e'r“izgfgistfevg_‘fe rcr::ﬁi': ;
data of the overall recovery are shown [3-5]. In ounizes a highly antigenic immunodominant epitope, [0she c?,;sid protein. é’iochemisny 1996;
work a modified process that only includes two stepsated by Salfeét al.[27] in the linear locus (amino 35:7412-21.
ammonium sulfate precipitation and gel filtration, wasacid residues 78-83) of HBcAg. More recently, CONWay 4 conway JF, Cheng N, Zlotnick A,
used. To clarify the protein extracted after cell diset al.[28] using data obtained by cryomicroscopy an@Vingfield PT, Stahi SJ, Steven AC. Visual-
ruption, ammonium sulphate precipitation at a highWynneet al.[29] found that this region resides on the'v’i‘r’:'s"fc‘;fs‘i‘jl‘fy";‘r;’g_“edl'eec;’r‘o*:;ﬂ‘;‘;‘;'c'g;y‘f
concentration (40-45% saturation), has been successister rim of the 30 A long spikes formed at the surfacRatore 1997:386:91-4.
fully used [3, 23]. In our process, we standardizeaf capsid shells. The formation of the conformational, Dalsegq R. Expression of hepailis B cors
two sequential precipitation steps using ammoniurimmunodominant epitope depends on a correct Pagatigen in E. coli its characterization and
sulfate at 10% and 40% saturation, that enriched 44cle assembly, which is not present in the dimer anefoperties as carrier of foreign antigenic
fold the initial purity of HBcAg with an overall yield monomer structures. To demonstrate the correct expiamerem of Hedoiors: 1950
of 45% (Figure 2). sure of the conformational immunodominant domain,

After ammonium sulfate precipitation, partially essential for anti-HBcAg serodiagnosis, an ELISA for-:fi’af,etm‘:;ﬁ;nf’;fﬁ:::E\',fgr’:;’r‘g;e;
purified HBcAg was applied to gel filtration chroma- mat was used. Since its introduction, in the middle offfect capsid formation and the apparent
tography on the Sepharose CL-4B column. Several stuthe 80’s for blood screening, the current serologicaﬁf;g;}‘@f“s@ﬁ‘fggﬁ; HBV RNA. Virology
ies have reported that HBcAg, when expressed.in tests for anti-HBcAg have presented a significant pro-""~" "~ ’
coli, assembles into spherical shells resembling thogmrtion of results, which are non-specific. The prob27. SalfeldJ, Pfaff E, Schaller M. Antigenic
seen in infected liver. Two size variants of icosahedrdém is especially apparent in POPUIALIONS at I0W TSKore antonond o oo o Honeritn
shells are produced: a smaller capsid composed of 180 HBV, such as volunteer blood donors [30]. Roberts virus. J Virol 1989;63:798-808.
monomers with a diameter of 280-320 A and a largesonet al.[31] characterized a reduction-sensitive faC5 Conway JE Cheng N, Ziotick A, Stahl
capsid composed of 240 monomers of 310-360 A itor from human plasma, responsible for the apparest wingfield PT, Belnap, et al. Hepatitis B
diameter [4, 24]. The presence of two HBcAg populafalse activity in competitive assays for antibodieS’Zgj;i'::::‘f;’;i°(':e<’sfi;';:f‘7’g’fivg;)":m‘;L‘e'
tions explains the wide region obtained for the elutedgainst HBcAg. This reduction-sensitive factor showea,ps;d sun(acer,’ and implications for the
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