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STRACT

Studies were undertaken to characterise the nature of
hepatitis B antigens and their respective function in hepatitis B
virus infection. Hepatitis B surface antigen (HB#Ag) was isolated
from the plasma of asyng>tomatic chronic carriers by several
wthods including centrifugation, affinity chromatography and
isoelectric focusing. Analysis of purified antigen revealed the
presence of both lipid snd protein together with significant

levels of carbohydrate. A heterogeneity was demonstrated for

HB Ag and this was found to be related in part to the organisation
of the protein moiety of the antigen.

(HBcAg) was

Hepatitis B core antigen
isolated from the plasma of a proportion of carrier
plasma. Activation of an associated DNA polymerase active on an
endogenous template permitted the radiolabelling of HBcAg.

owing to the close association of the reaction product, such

preparations were found suitable for use in a radioissnune procedure

for the detection of antibody to this antigen. The poss

e

location of all or part of the viral genome is discussed in

relation to type B viiral antigens and their expression during the

course of infection.
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A Background

Viral Hepatitis is defined as acute inflaimation of the liver
resulting fro« infection by one of two or aore serologically

distinct viral agents (Memorandum, HJO

the term excludes,
by cossaon usage, hepati

is resulting from

fection by a number
of well-characterised viruses including herpes simplex virus,
cytoargalovirus, F.pstein-Barr virus and yellow fever virus.

c1

al studies of experimental infection in human volunteers
has clearly established the existence of two epidemiologically

and imunologically distinct forms of viral hepatitis; infec-

tious hepatitis having a short incubation period and series hepatitis

with a long incubation period OUcCallum and Bradley, 19*4;
Havens et al

. 1944; Neefe at al., 1945). The causative agents

have been designated hepatitis A virus (HAV) and hepatitis B virus
(HBV) respectively. In addition, there is recent evidence to
-uggvst that a signi

icant masher of post-transfusion hepati

is
amy be due to agents other than HAV or HBV (Prince et al., 1974;
Fainstone et al., 1975). In parallel with these studies, a

major stionilus to research has been the identification and charac-

terisation of a unique antigen specific to type B hepatitis.

In 1964 Blumoerg and coworker* described an antigen (Austral
or Au antigen) present in the serum of an Australian aborigine

which was found to react with antibodies in sera obtained from



ifused haemoph

ac», and suggested ti

to represent

- pos- irrua protein polymorphisn (Blurh.-rg, 1964; Blumherg

at tl., 196S). Further work however has desun»t “red a cloae
association between circulating Au antigen and vir'l uepatitis

twp. B (Prince, 1968; Memorandum, 1970). Detection of tl

r.action has now become a routine and essent

procedure in

t< diagnosis and control of type B viral hepatitis.

Virus-like part

es bearing these specific antigenic deter-
minants can be isolated from the blood, liver tissue and body
accretion» of patients with type B viral hepatitis. Although the
aetiologies! agent has so far not been successfully cultured in
the labo: ory, a whole * vy of knowledge has been obtained by
various techniques such . electron microscopy and serology
relating to the virology of hepatitis type B. Further studies on

the nature of its associated antigens wi

continue to add to our

understanding of the epidemiology and prophylaxis of this disease.

B nomenclature of antigens

Hepati

s B antigen (HBAg) is a general term to describe
antigenic material produced during the expression of the g.nome

of HBV. Previously used terms for HBAg include Austral

antigen,
SH antigen, Au/SK, and hepati

s-associated antigen iHAA).

During the past few year», several studies have shown the

HBAg particle surface antigen (HB“AG) igenically complex.



A “group® specificity, a, 1» thought to be shared by all samples

of HBAg. In addition, the parti

es generally carry two sub-

specific determinants which belong to two sets of generally

mutually exclusive determinants, &/jr and w/r (l.e Bouvier, 1971;

Bancroft et al., 1972). Thus at least four phenotypic combinations

or *subtypes® are possi

- HBMAg/Zadw, HBJAg/adr. HB>Ag/ayw and

HBAg/ayr . In addition, phenotypic variations or subgroups

the a determinant have been suggested (Sou

r and

Courouce-Pauty, 1973; Courouce-Pauty and Soulier, 1974). A

second, apparently unrelated antigen system has been described,

the determinants of which are not generally exposed in fresh

serun (Almeida et al., 1971). This has been designated the

hepati

is B core antigen (HBcAg) by virtue of its enclosure by

HB~Ag-reacting material. Should phenotypic variants of HB"Ag

become identified, these can be indicated in a

lar way to the
HBgAg phenotypes.

An additional antigen, designated V , has been reported i

some HRAg-pos

ive sera and appears to be specific for HBV infec-
tion (Magnius et al., 1972). This determinant w

be referred

to as HBAAg. Recent work has indicated that HB~Ag may also contai

complex heterogeneous determinants (

ams and Le Bouvier, 1975).

Antihod i(

ious determinants are designated



C A»»octc«tlon of hepat i

is B antigen» and hepatitis B

ifection

Experimen;

studies carried out by Krugman and col leagues

at the Willowbrook State School have clearly demonstrated the
existence of at least two forms of viral hepatitis (Krugnan et al .,
1967). Each one cl

cally and epiden

ogically resenbled those
described previously in adult human volunteer experiments

{reviewed by barker et al., 197); Krugnan. 1976). Two serum pools
(¥s-1 and MS-2) obtained trom one ind

dual in the Willnwbrook
study on two separate occasions produced short- and long-incubation
period hepatitis respectively in human transmission studies.

Further experiments showed that there was no cross-inmuinity

between hepatitis induced by NMS-1 (infectious hepati

is) and the
disease induced by MS-2 (serum hepatitis). Although parenteral
inoculation is the major route of serum hepatitis transmission,

these studies clearly showed NS-2 to be infectious when adm

stered

orally, confirming the longstanding clinical observation of

secondary

fection in the absence of apparent parenteral inoculation

in individuals living in close contact with cases of serum hepatitis
(Propert. 1938).

The identi

ication of an antigen closely associated with the
causative agent of serum hepatitis represented a considerable
advance in the understanding of type B viral hepatitis. This
antigen (Australia antigen) was found incidentally by Bltsnberg
(196A) during an

precip

investigation of g-lipoprotein allotype

ns. The new prec

n was identified in the serum of

a haemophiliac who had received multiple transfusions as a result



of its affi

ty for an antigen present in the aerum of an Australian
aborigine. Although

ially regarded as a recessive trait, a
relationship was soon recognised between Australia antigen and

leukaer

. Down's syndrome, lepromatous leprosy and hepatitis

(Blumberg et al., 1967a, 1967b). The electron microscopy of MS-2

serum has shown this mate

to contain both the small 16 - 25 nn

diameter spherical and tubular forms of HRaAg in addition to the

complex 42 nm double-shelled particle (iCrugman et al., 1974a).

These morphological forms closely resesfcle two of the structures

seen in sera containing Australia antigen as originally described

by Bayer et al. (1968) and a close serological relationship has

been demonstrated (Giles et al., 1969).

The antigenic determinants

associated with these virus-like structures are now referred to

as HBgAg and HBcAg (see Section 2 above).

HB Ag is first detected in the serum of an

fected indi

on average 4 weeks prior to cl

ical or laboratory evidence of

ver damage and may persist in most cases until the onset of

symptoms and liver dysfunction (Shulman et a

1970;  Krugman

and Giles, 1970). In the majority of naturally-occurring cases

of serum hepatitis, HBMAg is most likely to be detected during the

first week of the acute phase of illness and may persist from a

few days to several weeks. Persistence of antigenaemia is known

to occur in a small percentage of cases: HBAAg has been continually

detected in the serum of one ind

dual over a period as long as
20 years (Zuckerman and Taylor, 1969).



Anti-HB~ generally develop* «one week* or Month* following
recovery, albeit at a low titre detectable only by sensitive assay

Method* such as radioi or passive utination.

During antigenaem

anti-HBg can occasionally be detected by
electron Microscopy as circulating antigen-antibody complexes.

lon exchange chromatographic analysis of these complexes has

»novn precipitating antibody to HBgAg in acute hepatitis to
contain 1gG, Igh and IgA (Madalinski et al., 197A). Peters and
Johnson (1972) found no significant change in the level of

insnunoglobul

at the onset of the acute phase, but subsequent
serial determinations revealed a fall in IgG. This decrease asy
reflect an immunosuppression process related to the evolution of
chronic antigenaemia observed in some patients with HB Ag-positive
hepatitis. A high anti-HBg titre is frequent if there is a

history of repeated exposure to the antigen, often

the absence
of cl

ical disease. The use of a sensitive radioimmunoassay

technique has shown that over 80? of haemophiliacs the United

States of America possess circulating anti-HBg as opposed to

15X or less in the general blood donor population (WHO, 1975).

In paral

with the development of a humoral response to
HBgAg, specific ce

-mediated immunity has been desonstrated.

Reed ct at. (1974) showed delayed hypersensi

ity to HB Ag
using the leucocyte migration test in 6 patients recovering from

type B viral hepati

s.

6 had detectable levels of anti-HBg
and 4 sti

had evidence of cit.ulating HBgAg. The positive cell-

nediated response appears to be transient, beginning 2 to 3 months



after the onset of disease and accompanies the clearing of
HBMAg fro» the circulation (lbrahi» et al., 1975). However,
anti-HBs was not detected in the latter study for several weeks,

probably due to the use of a less sensitive assay technique.

Almeida et al. (1971) clearly demonstrated the preface of
antibody in convalescent sera to the inner HBCAg cotpon.—:  f the

complex 42 n  double-»belled part

The same sera did not
react with the outer MB Ag coat, and the HB Ag issminr complexes
losely resembled those obtained from homogenat s of infected
liver. It was suggested that recovery from HBV infection is

accompanied by a relatively short

ved anti-HB" response whilst
a normal immune response of greater longevity is produced against
HBcAg. This hypothesis is supported by the observation of core-
like particles confined to the nuclei of infected hepatocytes

(Nowoslawski et al., 1970; Almeida et al., 1970). The av:

ab

of an infected chimpanzee liver conta

ng HB Ag has resulted in
the development of a complement fixation test to this antigen
(Hoofnagle et al., 1973). In 15 cases of HBaAg-associated acute
hepatitis. anti-HBc was found to appear in all the patients during
or itmediately after HB Ag antigenaemia. A strong correlation with
the persistence of HBaAg suggests anti-HBc to be produced in

response to the active replication of the virus.

The relatively high frequency of anti-HB at low titre in

the population indicates HBV infec

may frequently be silent
and probably transient. However, mild forms of acute hepatitis

may provide an unusually good background for the development of



~evert- HBAg-as»ociated chronic hepati

is (Redeker, 1975).
In addi

ion, extra-hepatic lesions may be associated with the
presence of HBAg eg polyarteritis nodosa (Trepo et al., 1972;
Trepo et al., 1974), hepatocel

lar carcinoma (Prince et al., 1970;

Vogel et al., 1970), and some cases of glomerulonephritis in

chi

ren (Brcosko et al., 1974).

Redeker (1975) found chronic Hepati

is to develop in 10Z
of patients admitted to hospital with acute icteric type B
hepati

. Of these, one third developed chronic active hepatitis,

splaying a spectrum of hepatic lesions and sporadic episodes

of jaundice. The remai

ng two thirds shoned signs of persistence
of MB Ag associated with a continuing elevation of transaminase
levels, but otherwise in good health. In the latter group,

resolution of chronic persistent hepati

is may occur over one to
three years, but serum HB(Ag persists. Comparison of HB"Ag titres
between the two groups showed a significantly higher titre of

circulating HB*Ag in cases of chronic persistent hepatitis.

In general ternms, the pathology of HRAg-associated chronic

aggressive hepatitis closely resembles the cl

cal syndrome of
active chronic hepati

in which Itl of patients possess circu-

lating HB#Ag (Reed et al., 1973). However, of the remaining

HBMAg-negative active chronic hepat

is cases, 631 were found to
possess a significant delayed hypersensiti

ity response to
HBgAg suggesting that a past exposure to HBV may have been an

important event

[d

in the development of chronic liver disease

liams, 1975). This is further substantiated by the observations



of Nielsen =( al. (1971) who found a progression fro* HB"Ag-

positive acute to HBaAg-negative active chronic hepatitis.

Succeaaful iaanunoauppreaaive therapy for the treatment of active

chronic hepatitia haa implicated autoimmunity aa an important
factor in the pathogeneaia of thia condition. A recent hypo-

theaia haa suggeated the atimulation of sensi

ised T-cell
Iymphocytes to tlie surface of noraul uninfected hepatocytes ia

one result of viral-induced changes at the plasma mestorane of

infected cella (Eddleston and

ms, 1974).

lanunofluorescence has been frequently used to atudy the

distribution of HBV gene products in vivo.

HB Ag reactivity
appears by this technique to be restricted to the nucleus or

perinuclear region whereas HB Ag is confined to the cytoplasm.

Thia duality of react

ty, first observed by Nowoslawski et al.

(1970) has additionally been observed in experimentally infected

chiag=anzecs <Barker et al., 1973). During the early stages of

acute hepat ft* i react

ies are present in

er tissue.
HBaAg is t,; .lly distributed in a diffuse fashion in the cyto-
plasm of he«atocytea thr Jout the r (Edgington, 1974).

Extensive proliferation of the smooth endoplasmic reticulum of

these cella gives rise to the "ground-glass® appearance under the

light microscope. The restriction of HB Ag to the nucleus is

accosganied by enlargement of the nucleoli and extensive prolifer-

ation of the chromatin (Huang. 1971). Cudat et al. (1973)

examined over 100

ver biopsies from patients with type B acute

and chronic hepatitis. A spectrum of antigenic expression was

observed by isssunofluorescence, ranging from extensive HB(AQ



react

ty in cases of chronic persistent hepatitis accompanied

by few HBcAg-positive nuclei to focal areas of

ted HBMAg and
HB Ag in every nucl

seen in heavily isaaunosuppressed transplant
patients. The pattern of fluorescence in cases of chronic
aggressive hepatitis was intermediate with equal expression of
each antigen it focal areas. These findings indicate the isssue
response to be of paramount importance in determining the course
of the disease. The presence of HB Ag, a recently described
antigenic moiety distinct from the HBb/HBc systems, appears to
predispose the patient to the development of the chronic disease.
Magnius and Espmark (1972) described HB(Ag as being present i

the sera of 18 of 23 persistent carriers of HB"Ag found in

haemodialysis units, but it was not present in any of the chronic

carriers examined in the donor populai

ion. Nordenfelt and
Kjellen (1975) have shown a close correlation between HBMg and
the presence of HBcAg. In contrast, carriers of HBMg in the

donor population show no histological or biochemical signs of

ver disease (Be

cke et al., 1972). Hence the presence or
absence of HB(Ag may be an indication of HBV infectivity and the
subsequent course of the disease after infection (Magnius et al.,

1975).

Studies of the HBMAg subtypes associated with type B viral

hepatitis showed that the a® subtype to predominate in outbreaks
associated with haesndialysis units, whereas the predominant
subtype in asymptomatic carriers is ail. It has been proposed,

therefore, that an HB"/ad antigenacmia promotes the formation of



detectable levels of preci

itating antibodies against other
speci

ies such as HB"Ag (Magnius and Espmark, 1972). However,
in geographical areas where ayw is the predominant subtype, its
occurrence is associated with all categories of acute and chronic
hepatitis as well as asymptomatic carriage (Hadziyannis and

Le Bouvier, 1972). The opposite appears to be true for zones

where adw predominates. However, in mixed-zone populai

ions, adw
is found at a high frequency among volunteer blood donors ss well
as patients with chronic aggressive hepatitis, whereas ayw is more

frequently encountered in haemodialysis units in add

drug-abusers and their contacts (Gordon et al., 1972; N

sen and Le Bou-

er 1973). The complexity of HBV epide

ogy was also reported
by Pons-Romero et al. (1974) who found both subtypes adw and ayw
to be associated with all forms of acute and chronic type B viral

hepatitis although the geographical ori

in of the HB~Ag-posi

ve
individual, and possibly the route of infection, may influence

the subtype findings in any one area.

P Ultrastructure of hepati

s B antigen

Examination by negative st

ng and electron microscopy of
HB antigen-containing sera reveals at least 3 discrete virus-like
forms, al

of which are agglutinated by anti-HB . By far the

most conanon is a roughly spherical part

e of variable diameter
in the range 16 nm to 25 ram (Almeida et

. 1969). Interpretation

of surface structure is difficult by negative stal

ng with

phosphotungstic acid, probably because of the poor penetration by



this large hydrated ion (Haschmeyer, 1968). However, Bayer et al.

(1968) were able to resolve surface sub-units approximately

3 nm in diameter using sodium silicotungstate as a negative
stal

Examination of immune aggregates shows these small

parti

les to possess antigenic determinants in common with long

amentous forms which are also a characteristic feature of

HB antigen-contai

ng sera. Although possessing a diameter close
to 20 nm their length may vary widely from less than 50 nm to

over 200 nm. Regular non-helical transverse striations

approximately every 3 nm have been additionally described
(Alsi

da et al., 1969). The presence of long filaments can
stake for difficult recovery from rate sonal gradients of a

larger double-shelled part

e described by Dane et al. (1970).
Present in far fewer numbers than either of the more common
filaments or numerous smaller spherical particles, their

detection is enhanced by the use of imune electron microscopy

techniques, which reveal immune aggregates containing all three

forms. Occasionally, aggregates consisting entirely of doub

shelled particles are seen free in serum, and Hoodie et al. (1974)

have proposed that an additional antigen-antibody system may be

present on the surface of these part

Treatment of a preparation consisting almost entirely of
satall parti

les with ether was found by Barker et al. (1969)
to reduce the diameter by approximately 4 nm, suggesting the
presence of an outer I

d-rich layer of 2 nm. The reduction

in sixe was accompanied by an increase in buoyant density from

1.24 g cm-3 in CsCl to 1.27 - 1.28 g cm"3. Their finding of



only one predominant size class of small particle is somewhat at

variance with the report of Dreesman et al. (1972) that small
part

les were distributed in two discrete sice populations of

19 nm and 25 ns respectively. Subsequent work from the same

laboratory has indicated the 25 nm part

es to be non-reactive

h HBMAg antiserum after separation by rate zonal centrifu-

gation. In addition, a third siae class was isolated of inter-

mediate diameter 20 - 22 nm. As yet, the significance of thia

sice heterogeneity remains unclear, but should be carefully
considered in comparing biochemical studies on different

preparations of small particles.

Hirschman et al. (1973) examined the morphological change

accompanying the treatment of HBAg preparations with a wide variety

of reagents. The siae of the small particle was found to vary

according to the purification method adopted. Small particles
recovered in the void volume after chromatography on Sephadex C-200

were found to possess a modal distribution of diameter sizes from

15 to 20 nm, whilst particles purified by acid treatment followed
by equi

ibrium centrifugation in caesium chloride were found to

possess on average a somewhat smaller diameter of 13 nn. The loss
of filaments resulting from the last procedure was suggested to

indicate their derivation from the small particle in a manner

suggested for TWV helix assembly (Durham and Klug, 1971). An

additional particle was observed when HBAg previously banded in
caesium chloride was treated with phosphate buffer pH 7, at
concentrations equal to or in excess of 0.125M. These forms were

readily penetrated with stal

lar ring forms have been



14

report**1 «iter equilibrium centrifugat lon in »wrote gradient»

(Biy.r et «1., 19Bft), after treatment with »odium dcoxycholate
19/4), and following

at.. 1973). Neurath et al.

(Suveno el al

immunoadsorptiom (Houwen at

(1979b) have alao described hexagonal
ring structure» after treatment wi

h thyroxine. Treatment

0 .1X chymotrypaln resulted in the appearance of many

h

lamellae-

like strnds, some contai

ng ohviou» nicks (Hirschman et al.,

1973). The suscepti

y to this enzyme

in accordance with
the reported high content of hydrophobic amino-acid residues,
especially trytophan. A's

larity was seen in the effects of
varying reagents on both the sisall spherical particles and

filaments, an observation in broad agr

ont with separate

findings that there are neither antigenic nor gross amino-acid
composition differences between these two forms (Vyas et al.,

1972b). Furthermore, the circulating small par

les may arise
as a result of filament breakdown at some stage during or
following cel

ar release (Traavik et al., 1973; Huang et al.,

1974).

Breosko et al. (1972) investigated further the ul trastructur*

of the souill particles obtained from the sera of three patients

h chronic hepatitis.

In the presence of 0.1 - 0.5M
B-morcaptoethanol , part

es of 8 - 10 na diameter were observed

possessing a higli buoyant density typical of nuclcoprotein.
These structures were found to be further degraded by exposure

to ribonuclease, and it was concluded that the *mall particles

contained a ribonuclease core surrounded by a

poprot

layer
thick which was rea

y reisoved by the sulphydryl reagent.






monml.ram sub-units of s

ar |1

ir to identically-stained

amenti

and small spherical particles in the sasir preparation. The inner

core component was not differentiated in this study. However,

the core component was found to stain with 5Z uranyl acetate,

pH 5. e result suggesting the presence of nude, protein. No

uptake of stain into the other HHAg morphological forms was
noted.

Treavik et al. (1673) found the core component as released

by Tween 80 treatsient to consist of an outer shell possessing
capsomerc-

ike structures approximately 4 nm in diameter. This
is consistent with the study of Yamada et al. (1973)
who desnnstrated by optical

observation

rotation electron microscopy the
inner core of the 42 nm particle to possess typical icosahedral
syssaetry.

Lipman et al. (1973) have described in addition isolated

core component possessing 14 nm long projections or

nating from

their surface. The method of isolation unusually consisted of

a caesium chloride gradient overlaid with 8Z Nonidet P40

12X sucrose followed by a layer of 8Z sucrose. The possession

of projections with knob-

ike termini gave the particle an over-
diameter of approximately 55 nm.

The resulting areola

appearance may represent an intermediate layer of smtrix protein

or en alteration

the outside of the core itself. The use of

ficoll-sucrose gradients as an alternative siethod of isolation

gave rise to 27 nm core particles characteristic of those seen

by other workers and did not possess surface projections.



*alUBU|*J*%ap ABI¢]* 1UJ3»~ MJIOJ

JUTI*]))P «11 JO «optitdM (Al)

jo uoiiniioj Ag ujV]jub jo uo])ijo«] jlj;.>«da (;})) toajjjadoAd
IB3|*Aqd jo M)IJA Ag lugtp [[W pu» **l*3*iaca_oA->v+i *111]
Aagjo aojj uoptjttf<i (1) !ulajoAd «kj»» igSi<M A*ti»3*iaa
«0| jo [|«aoi> nlng (]) todaja lu)molloj agj jo «lO JBB*|
1y npri)jui ajnpajoAd uo|)*3|jljnd = ‘udpui jo ajjnoa |»pl«]
*m o] lu|pioiM [*}>* Aaw aapjadojd aaagj jo «oa 1**»| 1» jo
UOIBIABA »iij.Mjul qVnoquv -(]) «ig»! «| Q]
mMI|»u ag» JO aajjAadoAd (»Jjaiagj pla |B3)*Aqd ag» g»0q jo
*SpalMouq uo iu<pu«dAp *| uo[»*ioai [nj»a*)M|  Xiui*jog»| aqj
W uaBounaaaj ua a* a*i* BJ| aoj pu* sa|pnja |B3|«ag3 joj a]gBJ)*a
Aipnd jo pj*pu»|* * oj auiajojd anua Jamjou bojj u«lpua a|qj
JO uojj*lo*| aqj pajBl)||3BJ a*q aajoj tajl«ojogqdjcaa ano}aba
jo *o013ljjad uo ajubuiua*jap 3JU*qju* jo uo|>B30| aqj

*3i)jadojd |B3|s«aj |

aujlpw « al»adaq jo aapj*JoAd |

-( 6L »e qjBAnag) By®IH mi** jagjaBo»

-=|3]J3Bd paj laga.ajanop ma {y pia *no»uaaB|lj aqj qjog jo .*3*jjno

ag» uo d||*uol»|ppB »uaaajd aq Ala J| j*aj ajuapjAa jboi *|
“Aagj o»**oqj|B (Fjbd <*nutqi) M*I u*aj >I™> jBIN3al<m I*mo\ jo
ag 0j BABadd* By*«H tu|j*I«3A|3 “«aoj aj*IN3|jj*d »nbiun a qjlA

pajal30aa* s| ly*[H J*q» «opid|pui ou uaaq a*q *A*qj *jad sy



Exclusion chromatography of antigen-conta

cross.

nked dextran (Sephadex) or spherical agarose parti
results in the appearance of HB antigen in or close to the
void volume, indicating the high molecular weight of this fraction.
Skinh”j and Hansen (1973) were able to estimate the sulecular

weight of the small spherical parti

e to be approximately
2.3 x 10* after chromatography through a column of Sepharose 4H.
This is in close agreement with values obtained by centrifugation

Dx-thods (see below). Protein of lower molecular weight was eluted

such later.

The r 1t of the hydr i

force by an electro-

phoretic field has been recently reported to improve further the
resolution obtained with Sephadex C200 (Lussio, 1975). In
particular, antigenic acti

ty was found to be readily separated

from macroglobulin as a result of their different electrophoretic

Alternatively hepatitis B antigen may be parti

Iy separated
from other serum proteins by virtue of its characteristic buoyant

density. Antigenic activity is found at a density within the
range defining the serum high density lipoproteins (HDL:
1.063 -

1.21 g cn“5), the exact value varying between sera and

according to the chemical employed in forming the density gradient

Centrifugation of serun in buffered caesium chloride results i
the isolation of antigen at average density of 1.20 g cm 5,
although the presence of insnune complexes may be indicated by

a second band of antigenic activity at 1.25 g cm 5 (Cerin et al



1969). Large quantities up to 500 ml of serum may be readily
centrifuged in the Oak Ridge B-XXIX xonal centrifuge, good
resolution being obtained at 30,000 rpm for 16 hours at 5°C
(Gerin et al., 1971; Gerin et al., 1975). The separation can
be further improved by adding solid salt to increase the density
of the serum and placing the sample at the bottom of the gradient

prior to centrifugation. A second run under similar conditions

for 22 hours provides antigen suitable for radio-labelling.
Both sucrose and potassium tartrate have been used in place of

caesium chlo

ide, in both instances antigenic act

y being
recovered at the lower density of 1.16 g cm * (Kim and T

es,
1973; Gerin >t al., 1969). Burrell (1975) reported some loss

of antigen

ty as a result of the use of gradients cont

ng
282 w/v caesium chloride alone. This was considerably reduced
by the use of discontinuous sucrose gradients (0 - 501 w/v)
containing 14.3X w/v caesium chloride throughout. Antigenic
activity was recovered at a density of 1.20 - 1.22 g cm \

depending on the antigen source.

Although the filamentous forms are recovered at a s

ar

buoyant density to the small spherical particles, only a proportion

of the 42 nm part

es are recovered in the same fraction, the
remainder being recovered at the higher density of 1.24 - 1.25 g an*

after equ

brium centrifugation in CsCl (Gerin, 1974). A si

ar
value of 1.24 g cm * wai reported by Barinsky and Bocharov (1974)

whilst Chairez et al. (1974) recovered 42 nm parti

es at a
slightly higher density of 1.26 - 1.27 g ci \ both in the

presence of CsCI.



Iipran et «1. (1973) were able to separate HBcAg fro« the

42 nm (article by the prior layering of 10Z Nonidet 7*0 over a

coapoii te density gradient conta

ng both Ficoll and lucroie

(14 - 56Z costoined w/w) in deuterium oxide. After centrifugation

to equ

brium, core parti

es were recovered at = higher density

of 1.28 - 1.30 g cm"3, the exact value varying according to the

effectiveness of HBaAg removal. Gorin (1974) and colleagues

isolated HB Ag fro* CsCl gradients at a density of 1.31 g cm 3
after treating 42 nm particles with 1Z Nonidet F40;
part

the core
es appeared aggregated by »a*Il protein molecules which

were considered either anti-HBc antibody, or a *matrix* protein

situated between HBcAg and HBAg and not removed by the nonionic

detergent. Moritsugu et al. (1975) found HBcAg,

by endogenous DNA polymerase act

tracelabelled

ity in the presence of

3z Monidet P40, to be heterogeneous in buoyant density. A broad

band of HBcAg activity (1.28 - 1.32 g cm"3) still contained

detectable traces of HBsAg whereas a heavier popul

n (1.35 -

1.36 g cm3) contained no HBMAg as detected by radioiimsunoassay.

This value is compat

e with the hypothesis that such material

represents nucleoprote

The snrphological heterogeneity of intact HB“Ag-bearing
particles may be revealed by further centrifugation under rate-
tonal condi

ons. Bond and Hall (1972) used a B-14 zonal rotor

conta

ng a shallow caesium chloride gradient ranging in

density from 1.04 to 1.20 g cm 3 dissolved in an ethylenediamine

acetic acid buffer pH 7.4 conta

ng 1.0 iiH magnesium chloride.
After centrifugation for 3.5 hours at 48.000 rpm relatively



homogeneous fractions were obtained although an alaott continual
range in the sire of parti

es was reflected in significant

overlapping between optical density peaks. As a result, complete

separation of each particulate form could not be readily achieved

by one rate tonal step alone; condi

ions should therefore be
caref

y chosen to permit maximum resolution of one form only

per run. These conditions can be accurately predicted by means

of computer analysis (Leach, 1971). Si

lar separations may be
obt:

ned using continuous sucrose gradients (Gerin et al., 1971;
Vyas et al.. 1972b). In each of these cases a significant reduc-
tion in recoverable antigenic titre was noted, which was found to

be prevented by the addi

ion of 0.51 human serum albumin to the
sucrose gradient before sedimentation of the antigen.

possible that in the absence of stab

zing protein, a slight

conformational change leads to a loss of antigenicity (Ger

1072). Alternatively in the absence of protein aggregation may

occur.

Aggregation of antigen particles may afford some explanation

of the high sediisentation coef

ent

t

Iy reported. In an

early estimate, Cerin et al. (1969) sedimented small antigen

particles through a linear 5 to 20Z w/w sucrose gradient using a

swing-out rotor and calculated the sedimentation constant to be

110S. However in subsequent experiments a computer analysis of

the separation obtained in a zonal rotor produced a lower estimate

of 545 (Gerin et al., 1971). More recent analyses with the model

E ultracentrifuge suggest the value to be in the range of 30 - AOS.

Bohme et al. (1972) performed several determinations in an An-D



22 -

12 mm standard call using antigen previously puri

ied by gel
filtration and equ

brium centrifugation and obtained an average
value of 30.85. Schober et al. (1971) obtained a
of 34.18.

lar value
A slightly higher value of 40.28 was shown by Kim and

les (1973) by the extrapolation of results obtained by the
same authors using serum as an antigen source. In a comparative

study, HBAg particles of subtype ad and af were removed from sera

by aanonium sulphate precipitation and purified by pep:

treatment and gel filtration (Bourbonnais et al., 1975); the

s-value was found to differ with subtype (33.0 and 40.1S respec-

tively). Seduction and alkylation does not appear to markedly

affect the sedimentation constant, a value of 318 having been

reported following this treatment (Vyas et al., 1972a).

Barinsky and Bocharov (1974) isolated 42 nm part

es by
brium centrifugation at a density of 1.24 g cm \ and

equ

determined their S-value by co-sedimentation with radio-iodinated

small particles through a shallow CsCl gradient. Assuming an

S-value of 34.1S for the small particle (Schober et al., 1971),

a direct comparison of respective migration by the method of
Martin and Armes (1941) gave a value of 58.58 for the 42 nm
part

However, a much greater value of 110S has been

reported for the inner core com-onent alone (Kaplan et al., 1973).

The diffusion constant of the small particle was estimated

by Le Bouvier and McCol lum (1970) to be about 7 x 107 cm2 sec”l

by measuring the equivalent posi

on in immunodiffusion studies;

a subsequent detailed analysis in the analytical ultracentrifuge



- 25 -

gave a value of 2.278 a | ‘7«a1 sec*l (Kim and Tillea. 1975).

Substitution of this value together with a sedimrntation
coefficient of 40.25

to the formu

Molecular weight - —-—— ——

D(t - vp)
where 8 - gas constant, S - sedimentation velocity, T - absolute
terper.ituro, v - partial specific volume (see Table 1 ) and

p - density of the solvent, gives the molecular weight of the
saull part

e tobe 2.4 x 10. Bohme et al. (1972) found by

similar methods the diffusion constant to be 6.5 x 10-7 cm2 sec*“l.

Using their observed S-value of 50.8, the molecular weight of

the 20 nm particle was calculated to be correspondingly lower

at 8.6 x lo\ largely due to the higher estimate for the

diffusion constant. Their derivation of v from an observed

buoyant density of 1.16 g cn“7 in CsCl would also decrease the
estimate of the small part

e molecular weight. Dreesman et
al. (1972b) found by similar means purified small particles of
20 - 22 nm diameter to possess a molecular weight of 5.6 x 10*.
By virtue of their differences in S-value, Bourbonnais et al.

(1975) calculated the molecular weights of HBAg part

es,
subtype ad, as 2.5 x 106 and subtype  as 5.0 x 10* respectively.
However, these results were not correlated with particle sise nor

was the number quoted of samples examined.

The considerably lower S value of 11.9 determined for HB"Ag

indicates its size to be considerably smaller than HBMAg (Magnius,



1975). Ini»

stinction is in agreement with the absence of
lipid associated with HB"Ag as judged iron its estimated buoyant

density of 1.29 g cm”3 in CsCl. However, there is some evidence

to suggest HB~Ag is additionally found together with HB"Ag on

the surface of both the *2 nm parti

les and filamentous forms
of HBAg (Neurath et al.. 1975c).

The purity of HB"Ag conta

ng preparations may be consider-

ably enhanced by the inclusion of a purification step uti

the surface charge properties of the antigen-conta

ng particles.
Alter and Blumberg (1966) reported that antigen eluted from
DGAF.-cel

ose after 1gC and together with or slightly in front

of serum B-lipoprotein, IgA, Igh and albumin when developed with

a 0.1 to 0.2N linear phosphate pH 7.0 buffer gradient. Similarly,
Schober et al. (1971) found optimal elution of antigen using a

0.12M phosphate buffer pH 7.5 when examining a number of antigen-
conta

g sera. Electron microscopy of the eluted part

les

des»nstrated their morphology to remain intact after this

treatment. Sukeno et al. (1972a) also employed DF.AE-cel

ose

as a final step in a purification procedure involving several

cycles of centrifugation and treatment with pronase. Intact

22 nm part

es were eluted by 0.2M NaCl in a 0.0IM tris buffer

pH 7.5. Alternatively, the antigen may be prec

tated from
whole serum by the addi

ion of ammoniim sulphate or polyethylene

glycol (PEC). Anan“ev et al. (1972) recovered HB#Ag by the additi

of ansnoniura sulphate at 0.23 to 0.37 levels of saturation. After

gel filtration through Sepharose 6B, the product was found to

contain less than IX serum proteins. Heurath et al. (1973a)



examined by electron Microscopy both the pellet end the supematent
obt:

ned after the addition of 5.5X PEG 6000 at neutral pH.

h a£ and a~ subtypes ver separated

o two populations of
par

es after standing at *°C overnight, each possessing

distinct sire distributions. The pellets were found to contaj

a significantly increased proportion of both 42 n* particles and

filamentous forms. That a minor proportion of the 20 ns

dime Vol forms arc also precipitated may reflect a heterogeneity

in the surface chemical cosgtosition of this samller form.

Such heterogeneity was reported by Dreesatan et al. (1972b)
who recovered 2 peaks of acti

ty, pi 4.0 and pi 4.4, by
isoelectric focusing of ra

dinated HHAg exhaustively

purified by ultracentrifugation fo

owing acid treatment. The
appearance of a second ss*lecular species war attributed to the
release of HB Ag from 42 nm particles as a result of exposure

to low pH. Further work by Chairec et

. (1974) showed that

HHAg par; es not subjected to arid treatment could be resolved

into a number of sise classes by rate-xonal centrifugation in a

CsCl gradient. |Isoelectric focusing of the fractions after

iodination showed that a population of 25 nm spherical forms,

previously found to be non-reactive in a complement-fixation

test for HB(Ag, possessed a pi value of 4.15. SDS-acrylamide

gel electrophoresis of their parti

les resolved two major
polypeptide components s

but not identical with,
the two major polypeptides obtained »n analysis of both 20 -
22 nm part

es, pi 3.95, and filaments, pi 4.10. In addition,

rate-xonal centrifugation separated a population of smaller.



15 - 19 nm spherical particles bearing HBMg detenainants and

a very acidic pi value of 3.65. OF the six coaiponcnt polypeptides

obtained from this fraction, five were identical in sice to five
of ten components obtained from the larger 20 - 22 nm particles.

The sixth polypeptide, molecular weight 32,000, appeared to be

unique to  tis morphological fora. Puri

ication using poly-

ethylene ol enabled preparations rich in 42 na par

les to
be characterised in a s

lar manner. A single peak of radio-

activity was recovered at pH 3.82, indicating a similarity of
surface charge between 42 nm particles and the other HB™Ag-

containing particles.

With the advent of suitably prepared adsorbents (reviewed

by Lowe and Dean, 1974) specific antiserum to HBAg may be read

ismob

xed on an inert support whilst still reta

ng its

affinity for the antigen. All reports so far have described

antibodies linked to Sepharose-4B activated with cyanogen

bromide, although bound antigen has been eluted with a variety

of reagents. Tripatcis& Horst (1971) successfully demonstrated

HBaAg in the urine of hepati

is patients using affinity
chromatography; bound antigen was eluted by decreasing the pH

to 1.8. Grabow and Procesty (1973) used SM sodium iodide to

break antigen-antibody complexes on a colunn of insnobil iced

baboon serum; this yielded greater than SOX recovery of HB Ag

at a purity superior to that obtained by equilibrium centrifugation

in caesium chloride. Reduction of the molarity of sodium iodide

resulted in only partial elution of bound antigen, suggesting some

heterogeneity in aff

ty of the antigen for its antibody. The



us* of a hyperinmune baboon aeruai for the inmunoadsorbant was

found to be particularly useful as antobody was preferent

bound to the activated Scpharose-4B without the prior separation

of the serun gamma-globul

S

The Morphology and titre of HBAAg purified in this manner

remained unchanged in the presence of high concentrations of

sodium iodide. Shiraishl st si. <1974) found that IM acetic

acid cont:

ng 1M sodium chloride (pH 2.5) eluted less
contaminating serum protein although the recuvecy of HB#Ag was

not as great as that obtained with 5M sodium

de.

Meurath *et al.. (1975c) combined PEG preci

itation of HBAg
with affinity chromatography using concanava

A covalently

bound to Sepharose-48 as an adsorbant. This had previously

been found to aggl

inate HBAg-cont:

ng parti
cross-linking of the carbohydrate present
1972).

les by reversi

in the antigen (Cawley,

iHSotlllsed antigen was eluted by the addition of 5X

(X-methyl-D-swnnosi.de in tris buffer at pH 7.4.

An alternative approach is the adsorption of unwanted serum

proteins by immunoadsorption. Houven et al. (1975) used

fractions of rabbit antisera specific for normal human scrum

components. The antigen, previously treated with pepsin and

chrosutographcd through Sepharose-4B, was mixed with the rabbit

antisera fractions. Following incubation, rabbit Igi was

removed by passage over a cellulose iaminoadsorbent containing

aed sheep anti-rabbit I*: serum.
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alterations in the composition of HBAg particles purified by

different methods. By assusdng a protein content of 40 - 70Z
and an estimated total molecular weight range of 2.4 - J.S x 10%

daltons, the total molecular weight of the protein moiety can be

calculated to lie in the range 1 - 2.4 x 106 dal tons.

The amino acid cor>osition of small HBAg particles has been
examined by several laboratories, A tryptophan content as high ==
252 was suggested by Cerlich and May (1973), based on a comparison
of the IV extinction profiles of purified HBAg and tryptophan.

Rao and Vyas (1974a) have estimated the tryptophan content at 13.9Z

by spectrophotomctric titration with N-bronx>succini

ide. A
substantial tryptophan content would account for the values
reported for the extinction coefficient of HBAg: h** been

estisuited at 37.26 (Vyas et al, 1972b; Dreesann et

, 19723

Gerin, 1973), although other figures in the range of 25 - 30 have

been obtained (Ling and Overby, 1972; Takahashi, 1975). It can

be noted that the protein moiety is also rich in proline and

leucine and in hydrophobic amino acids in general, which would

fa tate its close relationship with 1

d

Optical rotatory dispersion and circular dichroisn studies

have shown that purified HBAg possesses optical asymmetry compatib

with 70 - BOX of the protein being present as a-helix (Sukeno et

al., 1972b). Treatment with 8V urea. IT SDS, reduction of -SH

groups or carbamidomethylation were all without effect on the

spectra, indicating that the gross secondary structure had not

been influenced by these chemical modifications.



Initial studies of HBAg polypeptides by SDS-acrylanide gel

ectrophoresis and Coomassle Blue sta

ng indicated that 2 major
polypeptide species were present,

th aulecular weights 24 -

26,000 and 2S - 32,000 (Cerin et al., 1971s Vyas et al., 1972b;

Gerin 1973). Additional higher molecular weight polypeptides were

rel>orted by the two former authors, which were variable in amount

and lost on further purification of the preparations before

electrophoresis; these were assumed to be contaminating aeries

proteins which may have a stal

ising role in preserving antigenic

In further studies, additional polypeptides of larger and

saal ler molecular weights have been detected, both by Coomassie
Blue sta

ng and location of radioactive polypeptide peaks

(Table 2). Reproducible differences have been reported between

HBAg of ad and af subtype, with af material In several studies

tending to show addi

ional minor polypeptides (Gerin, 1972;

Chaires et al., 1973; Chaires et al

. 1975). Carbohydrate has
been detected, by periodic acid Schiff stal

ng of acrylasude
gela, in three polypeptides rossaon to both subtypes (32,000,

27,000 and 22,000 m>1 wt; Chaires et al., 1973).

nally,

Chaires et al. (1974) have used rate sonal centrifugation to

separate 42 nm particles,

amentous forms, and spherical HBAg
particles of differing sises ranging from 25 to 15 nm, and found
that part

es of differing morphology showed small but signi

icant

fferences in their constituent polypeptides.



ii  Carbohydrate

The presence of catbohydrate in HRAg was suggested by the
report of Cawley (1972) of the precipitation of ,251 labelled
HBAg by concanavalin A. The reaction between HBAg and concanavalin
A coupled to Sepharose 4B has subsequently been used for HBAg
purification (Neurath et al., 1973 ). A positive enthrone reaction
L purified HBAG was referred to by Bond (1972), also indicating
the presence of carbohydrate. Burrell et al. (1973), using the
phenol-sulphuric acid method, demonstrated the presence of
carbohydrate in different preparations of purified HBAg, and
found a progressive loss of serological activity after mild

periodate treatment.

Chaires et al. (1973) reported a carbohydrate content of

3.6 - 6.5Z in puri

ied HBA. These workers detected glycoproteins

of molecular weights 32,000, 27,000 and 22,000 by PAS stai

ing of

polyacrylamide gels, and also found an addi

ional small molecular
weight coogronent containing carbohydrate at or near the migration

front, which did not st

for protein. More recently Steiner et
al. (1974) have separated this low molecular weight congionent into
two non-sialic acid containing glycolipids one of which was

characterised as a water-soluble glycosphingol

fugosylglycol

ns or blood group glyco

s. The carbohydrate

composition of these compounds, and their pos:

le serological

activity have not yet been characterised.

Neurath et al. (1975a) produced particles which had a

greatly reduced in vivo life span when inoculated into rabbits



and produced a higher humoral antibody response than intact

antigen. Serological acti

ty remained unaffected. It therefore

appears likely that 20 - 25 nm HRAg particles contain variable

amounts of carbohydrate, present both as glycoprotein and

and that si

ic acid is present as the terminal residue
of some polysaccharide moieties. No extensive carbohydrate
analysis has been carried out although Gerin (1974) reported the

absence of amino sugars in both a« and ayw subtypes.

L

d
Although the 1

d content of puri

ied hepatitis B antigen
may account for up to 302 of its total weight (Takahashi, 1975)
very few attests have been made to determine the nature of the
lipid components. In early experiments (Barker et al., 1969;

Gerin et al. 1969) pretreatment of partially purified HB" antigen

with ether or deoxycholate was found to result in an increase

of buoyant density in CsCl equilibrium centrifugation experiments

together with a substan

reduction in part

e sice, presumably

as a result of lipid loss. There was no appreciable loss of

serological ac

ty. Kim and Bissell (1973) found purified HR
antigen to be susceptible to attack by the proteolytic enzymes
subtilisin and subtilopeptidase A after treatment with diethyl
ether for 2 hours at 0°C. Both Barker et al. and Kim and Bissell

interpreted their findings as demonstrating that lipid solvents

could remove a

pid fraction from HB™g particles with no

significant reduction of antigenic acti




im and Bias:

(1973) described the nature of the

P
moiety obtained after extraction of purified small particles with

chloroform:mcthanol. One dimensional thi

ayer chroamtography
using s

ica gel as the solid phase and a chloroform: me thano! :
water (65:25:4) solvent system, revealed a predominance of polar
lipids. The mnjor components were identified as phosphatidyl

choline and

lin. A minor identified as
phosphatidyl ethanol.~ine was slso present. A spot resesfeling
Iysophosphatldyi choline in behaviour was not detected by iodine
vapour and was therefore assumed to be protein. Cholesterol and
non-polar lipids migrated close to the solvent front. The use

of chloroform:methanol was found to remove the efficiently

while diethyl ether only removed all the 1

if the antigen was
treated first with IX SDS.

Takahashi (1975) extracted the

id moiety from puri

ed

HBMAg using the extraction procedure out

ed by Folch at al.
(1957). The washed chloroformtmethanol extract contained both

neutral and phosphol

ds (19.3Z and 78.7Z respectively).
Cholesterol and phosphatidyl choline were the predominant species
(36.0X and 827 of each fraction respectively). Further analysis
of free fatty acids recovered showed an 18 carbon atom chain to
be the predominant alkyl group, with 20X containing more than one

double bond. Ti

layer chromatography showed the phosphol

phosphatidyl serine to be noticeably absent.

Steiner et al. (1974) characterized the phosphol

ds

obtained after chloroform-.methanol (2:1 v/v) extraction of purified



antigen. Chromatography in one and two dimensions demonstrated

phosphatidylcholine, i in and 1

idylcholine to
be the major phospho

pids present. The percentage cong>osition
based on lipid phosphorus was estimated at 65Z, 30Z and 52
respectively. There was no evidence of the presence of phosphatidyl

serine, nor of phosphatidyl ethanolamine; this latter result

differed from the previously published analysis of Kim and Bissell
(1973). The presence of glycoli

id had been previously suggested
by the uptake of periodate-Schiff reagent in an area of polyacryl-
amide gels near the migration marker where there was no uptake of

the protein stain Coomassie blue. Prior treatment of antigen wi

h

chloroform:methanol removed tl

band from the gels and analysis
of the extract in chloroform:mrthanol jwater (60:33:8 by volume)

revealed the presence of two glycosphingol

pids. Both were
negative in tests for s

ic acid and phosphorus and their

mobility was unaffected by digestion with pronase. The sphingo-

pid nature of one of these was confirmed by the findings of a
sphingosine base characterized as ceramide. The second suspected
aphingolipid was present in too small amount for further

chromatographic analysis. The authors commented that the water

solul

ty and lack of sialic acid of the characterized sphingol

closely resembled the properties of the fucosy

yco

ids or
blood group glycol

ds; carbohydrate analysis of these compounds

would be of interest.

Part

le-associated nucle*? acid polymerase

Much progress has recently been achieved in the search for

on-associated nucl

¢ acid polymerase. Hirschman



-t «1. (1971) collected four sera fro* patientr v'th viral hepatitis

and pelleted HB antigen hy centrifugation t 40,000 x g in the absence
of divalent cations. This preparation when incubated at 38°C wa i
found to stimulate the incorporation of 3H-TTP

dATP.

in the presence of

dCTP and dCTP into an acid-insoluble product. A linear
reaction rate was observed during the first three hours of

incubation. One HBAg negative serum treated in a s

lar way

contained no polymerase activity. The low level of endogenous

activity found in pelleted HBAg was abolished by pretreatment

with RNase whereas the labelled product was found to be sensitive
to digestion by DNase. The reaction was greatly stimulated in the
presence of the double stranded synthetic primer (dAT), but

not by poly-rA.DT. F.thidiun bromide was found to

bit the reaction (Hirschman et al., 1971) which was insensitive
to the presence of 4-N-dimethylri frampicin or 4-N-

benzy 1d imethyl ri frampi c|

The level of endogenous act

ty was

found to be in direct proportion to the titre of antigen contained

in the pellets.

the sera with DNA polymerase act

ty con

some 42 nm particles under the centrifugation conditions adopted.

Gerin (1972) examined highly puri

ied preparations of small particles
in an assay system which possessed the necessary conditions to

detect similar enzymic activities in other virus systems, but

found no evidence for the existence of either an RNA dependent or
a DNA dependent polymerase in association with this particulate
fraction



Locb and colleagues (1973) examined different part

Iy
purified preparations of HB antigen from S sera from patients with

Down"s syndrome. In one sample, a linear DNA polymerase reaction

was found during a 90 minute incubation period in the presence of

all four nucleoside triphosphates, magnesium ions and Triton-XI00

non-ionic detergent. However, in the absence of electron isicroscopy

or specific serological prec

tation tests, this reaction was

deemed to resemble closely a non-specific ant

ty detected in

a four-fold concen“rate obtained from a HB negative serum. An

extended stud> of 42 sera consi

ing of samples from age and
sex—matched patients with and without HB antigen demonstrated no

specific association of DNA polymerase activity with HB antigen
or epidey

ogically associated with hepatitis 8

fection.

A significant advance on this prel

nary work was the report
of Kaplan et al. (1973), who demonstrated a D:.A polymerase activity

associated with the core component of the 42 r.m part

Eight
sera were selected for the experiments after prior screening of
60 chronic carrier sera by electron microscopy to select those

which contained a large proportion of 42 nm particles. These
were subsequently concentrated 20-fold by ultracentrifugation.

In al

ght preparations examined, a moderate rate of incorporation

.« V ttp into an acid-insoluble product was detected over a
period of 6 hours of incubation at 37°C and in the absence of

exogenous template. The reaction was stimulated by magnesium ions

and was found to have a pH optimum of 7.7. The presence of

nonidet-P40 enhanced the observed level of incorporation, presumabl

by removal of the outer or surface antigen coat of the 42 nm



- a7 -

particle. The reaction was reduced 20-fold in the presence of

actinosgrein D and by at least half in the presence of daunomyci

famp>* in showed little effect, and Kaplan ct al. (1973)

tentatively concluded the tinplate to be DNA. However, confirmation

of this conclusion by incubation with DNase or RNase was not

possi The presence of either nuclease had little effect on

the reaction supposedly because of the United access

ty of
tte nucleic acid template.

Although the nature of the template remained unconfirmed,
the ensyme product was found to be associated with material

possessing a sedimentation coeff

ent of 110S.  Immunoprecipi-
tation studies showed the radiolabel to co-sediment with core-

associated polymerase activity and to be prec

tated by serum
conta

ng HB~ antibody but not by sertn cont:

ng only
antibody (Creerasan and Robinson, 1974). The product was

therefore closely associated with the core of the 42 nm partic

No release of newly synthesised DNA was noted. Brief centrifu-

gation of antigen-containing mater

in IS - 6SZ w/w sucrose
gradients revealed the peak of DNA polymerase act

ty to precede
the peak of core antigen by several fractions. This gave rise
to the speculation that the enzyme activity was associated with

only a fraction of the core antigen. Examination with the

ectron microscope of similar material previously treated with

2-swrcaptoethanol and nonidet-P40 demonstrated typical 27 nm

core antigen particles precipitable with anti-HBc. Core antigen

part

es free of contaminating antl-HBc were recovered from

cscl equ

rium centrifugation gradients at a density greater



than labelled core particles (approximately 1.54 and 1.36 g ce
respect ively) .

Kaplan et al. (1973) investigated the nature of the tritiated

product further by disruption of radiolahelled core particles by
heating for 15 minutes at 37°C in the presence of It sodium

dodecyl sulphate and IX mercaptoethanol. After phenol extraction
of the digest, approximately 20Z of the acid-precipitable label

was recovered in the aqueous phase and it was s«d>scquently found

to possess a buoyant density typical of DNA, banding at 1.71 g cm
parallel experiments showed the labelled product to migrate at a

reduced rate of 15S after disruption of the core particles. This

value varied as little as 10X over a 0.002M to 0.160H range of

salt concentrations indicating the labelled DNA product to be

souble-strended (Robinson. 1974). This was confirmed by the
coog>lete resistance of the product to a single-stranded nuclease

(tj) at 37°C.

nally the observation that synthesis was unchanged in the

presence of DNase, antibody to HB~ or H*c. nor stimulated by

calf thymus DNA, lupus serum DNA or Sendai virus RNA (Kaplan

et al., 1973; Greenman and Robinson, 1974) suggested that the
polymerase enzyme, in addition to the teog>late, was highl

sequestered within the core.




w Nucleic a

Examination by ultrav

et absorption spectroscopy of iMil
spherical forms and filaments purified by ultracentrifugation
in salt solutions produced an absorption spectrum typical of

prote

the ratio of absorption at 260 to 280 ns being approxi-
mately 0.67 (Cerin et ai., 1971; Cerlich and May, 1973).

It is unlikely therefore that nucleic ac

if present, could
account for greater than a few percent of the total chemical

composition of antigen puri

ied in this manner, unless there be

less than one genome present per parti As yet, there have

been no spectra reported for purified prepara

ns of the intact
42 nm particle.

The first positive finding of nucl

¢ acid in preparations

of HB"Ag was reported by Jozwiak et al. (1971). Ten ml aliquots

of antigen-conta

g sera were fractionated by starch block
electrophoresis followed by aosnonium sulphate precipitation.

Chromatography of this mate

I through Sephadex C-200 resulted

in the elution of small particles in the void volume free of

normal human serum proteins as monitored by insnunodiffusion.
The total chemical composition of this material was subsequently

characterized by colo

imetric assays as 70Z protein, 25Z 1

d
and SX RNA. No DNA was detected by the diphcnylamine reaction.
Incubation of the preparation with pancreatic RNase for 20 minut<

at 37°C neither altered its immunoreact

ty nor released non-
particulate RNA detectable by spectroscopy. Further analysis
following butanol treatment and phenol extraction showed the

RNA to possess a sedimentation coeffi

ent of 9S in an environne



- 40 -

of low i

ic strength, and to contain almost equimolar proportions

of the bases adenosine and guanosine and s

arly cytosine and

uracil. In later experiments (Jozwiak and Kost

ak, 1973) the
recovery of RNA was found to be in direct proportion to the amount

of antigen eluted after dissoci

ion of antigen-antibody complexes
with 6M guanidine hydrochloride, pH 3.0 from insnunoabsorption

col

ms of Sepharose-4B conta

zed antibody to HBAG.
Further evidence that RNA may be closely associated with HB Ag

has come from the finding of radioactive uridine incorporation
into HBAAg small part

les (Jozwiak et a

1975). HB~Ag part

were isolated by insnunoprecipitation with specific chinpanzee

anti-HB~. All the acid-prec

itable counts associated with the
purified antigen were identified as being incorporated into RNA.
Pretreatment of the scrum with RNase did not significantly

decrease the amount of radioact

ty recovered and there was no
evidence of chimpanzee serum protein precipitation in the insninc
coopllex.

(1971) also found RNA closely associated with preparations

derived from pepsin-trested acute viral hepatitis sera. Puri

ied
HBAg possessing an extinction coefficient of 9.42 at 260 nm for

a IX suspension, was subsequently disrupted with SDS and
chloroform followed by digestion with subtilopeptidase A.

Nucleic acid was recovered from the lower phase after phenol
extration and further characterized as possessing an S value of 6.
It was suggested that this material was double-stranded due to its
resistance to RNase digestion and the increase in observed

optical density at 260 nm on heating. A good correlation was



found k«tw»*n RNA content (2.1Z) and buoyant density. SkinhdJ

and Hanmen (1973) obtained a

ament-rich preparation after
polyethylene glycol precipitation and gel filtration which

showed a uv adsorption spectrum suggesting a nucl

¢ acid content
of approximately SZ.

There have recently been reports of the successf

isolation
of double-atranded DMA frost both clrulating 42 nm particles

(Robinson, 1974) and parti

les closely reselling cores from the
nuclei of

infected hepatocytes (Hirschman et al.. 1971). These

structures are purported to provide both

iation sites and a
auitable template facility for the core-associated polymerase.

However, these contentions restain to be exhaustively investigated.
Core part

ea iaolated from serum by Robinson and colleagues
were concentrated more than a 1,000-fold prior to the polymerase
reaction before disruption of the core particles with SDS to

expose extraparticulate DNA. Mounting of this mater

onto

0.25M ansaonium acetate pH 7.0 (Clayton et al., 1970) followed by

shadow casting revealed circular nucl

c acid molecules of mean
contour length 0.79 t 0.09 un. Spreading with 40T formamide at
pH 8.0 to demonstrate single-atranded nucleic acid revealed no

additional molecules, thereby suggesting the molecular forma to

be double-stranded; a length of 0.79 um would therefore correspond

to a molecular weight of approximately 1.4 x 10%. No aupercoiled

structures were seen. The el

ination of the polymerase reaction

step prior to SDS treatment or exposure to 7M lithium thiocyanate

gave similar results, suggesting the double-stranded circular

form waa not modified by, nor was a product of, the polymerase



reaction (Robinson, 1974). A number of additional linear form
varying between 0.5 and 12 pa in length were ohaerved if the DNase
incubation waa omitted or nucleic acid extracted from whole

42 nm particles. These atructurea were thought to repreaent the
extraparticulate DNA preaent in all human sera (Kamm and Smith,

1972). Overby et al. (1975) have recently found aimilar molecules

in the 42 nm par

e corea, prepared and treated in a ai

ar
manner from approximately 6 litrea each of HBsAg poaitive plasma
of aubtypea af and ad. Examination by electron microacopy of the
DNA preparationa after apreading with formatnide revealed a

predominance of douhle-atranded open circlea having a similar

mean contour length of 0.78 0.1 um. An additional feature
waa the preaence of circular DNA moleculea poaaeaaing alao linear

aegnenta of varying lengths up to approximately 0.8 microns

about 5Z of the observed atructurea after the polymprase reaction

had been allowed to proceed for 6 hours prior to nucleic acid

extraction. Overby et al. suggested that these structures

represented various stages of DNA synthesis which proceeds by the

rolling circle model (Gilbert and Dressier, 1968), a negative
closed circular strand serving as a template for elongation of

the positive strand by successive addi

ion of nucleotides to

its 3*hydroxyl end. This model is compatible with observed single
stranded regions at the junction of the closed circle and the
growing linear portion. These replicating forms may have been
missed by Robinson et al. as a result of the smaller starting
volume of plasma used. Assuming the DNA molecules to be completely
closed, a circular molecule of 1.6 x 10* daltons can be predicted

to sediment at a value of 14S, closely resenfcling the experimental



value of 15S obtained by Robinson et al. Open circular for» aa
observed by both Robinson et al. (1*74) and Overby et al. (1*75)
of

lar dimensions would be expected to possess a reduced
sedimentation coefficient of 105. Unfortunately, no estia»tea
of sediax*ntation velocity were reported by Overby et al. In a
series of thermal denaturation studies, Robinson et al. (1974)
deaunstrated a relatively sharp transition to an SI nucleaae-
susceptible state cossnencing at approximately 70°C becoming 50*
denatured at 72°C (Tm). By a direct comparison to PM-2 virus

DNA treated in a s

ilar msnncr, the C # C content was estisuted
at 492. This was in good agreesmnt with the value of 48X
determined by buoyant density measurement using SV40 virus DNA as

a marker .

Hung et al. (1975) compared the sequence homology of the
reaction product with human eafcryonic liver DNA. The kinetic
hybridisation technique employed about 2,500 cpm of labelled UNA

product from core material denatured in paral

with the
»labelled test DNA at pH 13. After neutralisation, both
preparations were incubated together for 4 hours at 68°C prior to

digestion of unhybr

sed si

gle-stranded DNA with SI nuclease.
No significant homology was observed between the labelled

polymerase product and DNA from human liver, Wi-38 ce

. salmon

sperm or calf thynus. However, of 21 HB® antigen-positive
plasnas examined, all were found to contain 0.1 to 1 ug ml-1 of
free DNA, which subsequently exhibited a highly significant

degree of homology by sx>lecular hybridisation with the labelled

polymerase product. The free DNA, isolated by equ




centrifugation of d

ysed plasma <t a density of approximately
1.7 g cm 3, consisted of linear molecules up to 3 microns in length.

Two of the 21 HB~ antigen negative control groups of plasma

It has been suggested that the core particles obtained by

detergent treatment are si

ilar to the 27 ns diameter naked

in the nuclei of hepatitis B virus infected human
livers (Nowoslawski et al

1970). This hypothesis has been

further strengthened by the finding of core antigen in the

nucl

of chimpanzee liver cells successfully infected with type

8 viral hepatitis (Barker et al., 1973). Equ

brium centrifugation

of a liver tissue homogenate revealed 27 nm parti

es present

possessing a buoyant density of 1.32 g cn-3. Furthermore, these

particles were aggregated by sera known to contain anti-HB Ag

specificity (Barker et al., 1974). Particles of sisdlar size and

density were successfully isolated from a si

ilar homogenate of
human liver obtained by Hirschman et al (1974a) at necropsy from
a patient with chronic hepatitis B infection. As with cores
isolated from experimentally infected chingianzees, only a low

level of DNA polymerase act!

y was detectable. Together with

their lighter densities, these studios suggest further maturation

of these part

es may occur prior to or during encapsulation and

release as 42 nm particles.

schman et al. (1974b) exani

.1 the ultraviolet adsorption
spectrun of these particles and found a peak of adsorption at

264 nm together with a shoulder at 280 nm, indicating the presence



of both nucleic acid and protein Following treatment with SDS

and exhauative extraction with phenol, material was released

which possessed an ultravi

et absorption spectrum typical of
nucl

c acid. Treatment with DNase resulted in an im

ate

increase in absorption over the ultraviolet wavelength range

whilat treatment with RNase produced no appreciable change.

There was no reaction when neutralised formaldehyde was added
to a concentration of | 8T. and these results taken together

were indicative that double-stranded DNA was present in the core

particles isolated from the hepatocyte nucl

- Electron

roscopy showed strands of heterogenous lengths, the longest

being just over half that seen on examination of DNA extracted
from the 42 nm part

es in serum. However, random breakage of

DNA molecules during extraction could not be excluded. Thermal

denaturation gave a Tm of 77°C, indicating a C ¢ C content of

about 56X. A preliminary comparison of hyperchromic spectra

with the spectrum obtained after heating to 87°C suggested 60X
of the DNA to be 52X composed of C ¢ C base pairs, with the

remai

ing 40X having a much higher content of 68X. However, much
higher concentrationa of extracted DNA are required in order to

confirm this finding.

It would be of considerabl

terest to examine the sequence

homology of this DNA with the nucleic acid found in the 42 nm

particle core, and hence establish other than by serological

means whether the two forms of part

Ie are closely related
structures. Such a finding would strengthen the proposal that
these particles represent nucleocopsids of the hepatitis B virion

containing unique viral nucleotide sequences.



T 1 unochen stry of hepatitis B *ntil

Early stu

* involving Che treatment of purified HBAg with
organic solvente and dissociating reagents revealed that HB#Ag
isssunoreartivity was remarkably stable in the presence of
compounds promoting denaturation, in particular diethyl ether,
urea, sodium dodecyl sulphate and various proteolytic enzymes.

Anan“ev et al. (»711 showed there was no loe* of react|

following treatment with 50* chloroform or diethyl ether.

However, there was a complete loss of react

ty after exposure
to ethanol. A s

lar loss has also been reported after treatment

with butanol (Jozwiak et al., 1971).

Several studies have shown HB#Ag to be stable for many hours

at an acidic pH (Anan“ev et al., 1972; Dreesman et al., 1972a).
Kim et al. (1971) found that treatment of a pool of serum by

fivefold dilution with 0.02N HC1 pH 2.3 cont

g 0.02Z pepsin
provided antigen free of normal serum proteins. This preparation
was suitable for the immunization of both guinea-pigs and rabbits.
However, it was noted by Kim and Bissell (1973) that pretreatment
with sodium dodecyl sulphate or diethyl ether increased the

suscept

ty of HB"Ag to proteoly

ic enzyans.

The reduction of disulphide bonds results in the cong>lete
loss of HBMAg reactivity (Vyas et al., 1972a; Sukeno et al.,
1972a), although considerable antigenic activity may be regained
by the alkylation of free sulphydryl groups with iodoacetamide.

After alkylation, intact particles with a sedimentation constant



of SIS wore reform"d (VWas OC al., 1972a). |

at al. (1974)
wora able to define by the uae of iassunodiffusion and haeaugglutinati*
inhibition techniques reduction-sensitive and reduction-reaistant

cogion. nis of HB"g. The group determinant a was destroyed by

exposure to dithiothreitol at concentrations below IOrif. At
higher concentration resistance to reduction was serologically
detected in all HB"Ag preparations examined, regardless of the

subtype determinants present.

The react

ty of HBAAg is remarkably hest-atable. Anan“ev

et al. (1972) found no loss of reactivity after heating purified
antigen for 10 hours at t'nC, but heating for 5 minutes at 100°C

completely abolished its aff

ty for antibody. Similarly,

Hillman et al. (1970) noted a total loss of antigenic act

ty
following 60 minutes incubation at 8S°C. In a detailed study.
Bond et al. (1974) demonstrated that the _s group-specific
determinant was stable at 60°C for periods up to 21 hours, whereas
the d and £ subtype react

ties were markedly reduced after

only 3 hours of incubation at the same temperature.

The stab

ty of HB#Ag at high temperatures together with
resistance to protease digestion strongly suggests the presence

of carbohydrate. Burrell et al. (1973) found a 902 reduction in

ty of purified HB Ag particles after

treatment with 0.0IM sodium periodate for 4 hours at 37°C. A
significant amount of carbohydrate relative to the protein
content was foind in the same preparations by the phenol-sulphuric

acid method (Dubois et al.. 1956). Chaircc et al. (1973) estimated



3.6 to 6.5X carbohydrate content in HB Ag by the same Method.

The carbohydrate moiety was found aa glycoprotein and glycolip

(Steiner et al., 1974).

There have been several recent attempts to raise speci

c
antisera in animals using ind

dual polypeptides separated by
acrylamide gel electrophoresis in the presence of sodium dodecyl
sulphate. Dreesman et al . (1975) isolated from puTltied HB*Ag/adw
and HB~Ag/ayw three glycopeptides of molecular weights 19,000,

24,000 and 27,000 and two larger non-glycosylated polypeptides of

molecular weights 35,000 and 40,000. The 19,000 glycopeptide
from HBAg/ayw together with the 27,000 molecular weight glyco-

peptides from both sources failed to el

it an antibody response
in guinea-pigs. Tiie

Iycoeyl ated polypeptides derived from
both HBMAg/adw and HB~g/ayw el

ted antibodies which cross-

reacted with intact HB#Ag particles in a radi i

immunopréci ation
assay. Both polypeptides were therefore assumed to contain at
least the a group-specific determinant. However, the 24,000
molecular weight glycopeptide from both sources produced
antibodies which reacted only with the homologous antigen
subtype. Further studies demonstrated a cell-mediated inanune
response to the 24,000 and 40,000 molecular weight components
(Cabral et al., 1975). Peritoneal exudate cells from guinea-
pigs inoculated with the 40,000 molecular weight polypeptide
showed a significant response when challenged with intact
homologous and intact heterologous HB Ag particles. Exudate
cells from animals inxnunized with the 24,000 molecular weight

glycopeptide derived from HBMAg/adw r to intact




antigen and ita 24,000 and 40,000 molecular weight components.

A poor response to HBAg/ayw was observed in these animals.

shih and Certn (1975) were also successful in raising
antibodies to polypeptide continents of HB Ag. Antisera to
seven polypeptides obtained by sodium dodecyl sulphate-acrylamide
gel electrophoresis of HB"Ag/adw were found to react with ad

and ay-coated red blood cells by passive harnagtlutination assay,
indicating that each of the seven polypeptides possessed at

least one common group-specific determinant. Competition

inhibition experiments with intact HB Ag/ad as the competing
antigen resulted in parallel slopes for the antisera. The
displacement of the linear portion of the inhibition curve
reflected a difference in binding affinity of these antisera

for the intact HB"Ag partic

Further characteri cat ion using
the passive haemagglutination assay for antibody subtype analysis

has shown that each polypeptide stimulated subtype-speci

well as group-specific antibodies (Cerin, 1975).

Although the HB Ag preparations in the studies of Dreesman
et al. and Shih and Cerin contained no demonstrable normal human

serum pro

ns, Cabral et al (1975) demonstrated a positive
cell-mediated insnune response in guinea-pigs immunized with
normal human serum when challenged with the 24,000 molecular
weight glycopeptide isolated by Dreesman et al. (1975). This
finding suggests that the 24,000 molecular weight glycopeptide

contains at least one antigenic determinant related to certa

constituents of normal human serum.



several worker« have previously i

ndicated that HB"Ag particles

nay contain traces of normal serum components. Mi liman et al.

(1971) found purified HB"Ag particles produced prec

n insnunodiffusion tests with antisera to sever:

i
components after treatment with IX Tween 80. Specific iramino-
react|

ty was weakened or abolished by this treatment. Recentl

Neurath et al. (1974) demon. specifically

plasma immunoglobulins covalently

ked to Sepharose-4B. Prior
treatment of purified HBAg with proteases and nonionic detergents,
in the presence end absence of diethyl ether failed to prevent
HBgAg adsorption, indicating that antigenic determinants related
to host proteins were integral coogionents of HB Ag particles.
Reduction and alkylation of the preparation abolished HB Ag
reactivity but did not prevent its adsorption, indicating that

the HBAg-associated antigenic determinants related to plasma
proteins were distinct from the gioup- and subtype-specific

determinants of HB"Ag. Burrell

(1975) also reported additional

antigenic determinants to be present in close association wi

h
HBgAg parti

es. Low affinity insnunoprecipitation reactions

h antisera to a range of normal human serum components were
desonstrated. These determinants were not released by exposure

to acid. Tween 80 or ether, but were removed by exposure of HBAQ

to trypsin or brome

n under condi

ions that otherwise preserved

the structure of the small particles.
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Acrylamide and N*N°-methylene-bls -acrylamide were uaed

directly aa supplied by Eastman-Kodak Chemicals, Rochester, USA.

The sources of other reagents and fine biochemicala for

specified purposes are mentioned in the text where appropriate.

B Hepati

s E antigen

Plasma was obtained from the routine screening of blood
donors for hepatitis B antigen by discontinuous counter-

immunoelectrophoresis and radioimnunoassay. The principal
antigen subspecif

ties, d and £, were determined (phenotypes
ad and ag> by solid-phase radioi

using pecific
guinea-pig antisera. Specific anti-HB~ was not found by either

of these methods in any of the samples. Sera were stored at

-20°C in 100 ml volumes until required. Those found on examination

to possess HB Ag-assoc

ted UNA polymerase activity were

subsequently stored at ¢*°C.

C serological methods

Four techniques, counter-

rnnimoelectrophoresis, latex

particle agglutination, reverse passive haemagglutination and

radioimmunoassay were employed at various times for the detection

of HB~Ag and its antibody in plasma samples and experimentally-

obtained fractions



Electrophoresis was carried out using a modification of the
technique described by Wallis and Melnick (1971).
0.51

Agarose gels,
in 0.02M barbitone buffer pH 8.5, were prepared to a thick-
ness of 2 rnon 76 x 25 ren glass microscope slides. Saigples
were dispensed into 3 renwells 11 rnapart and subjected to

electrophoresis for 2 hours at a constant current of 3 mA per
slide. A 0.1M barbitone buffer pH 8.5 in both the anode and
cathode compartments provided s discontinuous buffer system.

Considerable enhancement in the case of prec

in recognition
was achieved by the staining of slides following electrophoresis

in 0.2Z Coomassie Br

ant Blue.

The detection of HB Ag by latex part

e agglutination in
fractions obtained following separation experiments was found

to be both rapid and sensi

ve. Latex particles coated with

guinea-pig antibody to HBgAg were used essential

Iy as described
by Leach and Ruck (1971). Approximately 50 pi volumes of
sample and reagent were mixed with a wooden spatula on a glass

surface. After 10 minutes of gentle rocking, the mixtures

were examined for rhe presence of parti

e aggregates as evidence
-f HBMg.

Reverse passive haemagglutination was carried out using
turkey erythrocytes coated with horse anti-HB® (*Hepatest®:

Wellcome Reagents Ltd., Beckenham, Kent) as described by Cayzer

at al. (1974). Geometric mean titres of samples were obtained

by two-fold

ution of 25 ul volumes

the test diluent.

Optimum results were obtained after standing overnight at room



temperature, and titres expressed as the reciprocal
d

of that

tion g

g rise to a 507 havaagglutination pattern.

Radioilsunoassay was routinely carried out uaing a direct
two-step non-competitive technique as described by Ling and

Overby (1972). Early use of this method involved incubation of

100 wl sample volunes for 16 hours in polystyrene tubes coated
with guinea-pig antl-HB~ (“Aueria V , Abbott Fbarmaceutlcala Inc.
Morth Chicago. USA). Radioactively-labelled anti-HB~ fron the

line source was used as an indicator of HB"Ag bound to the sol

phase. More recent assays were performed by a Modified technique

using a polystyrene bead coated with guinea-pig anti-HB(

(“Ausria I1"). Sanple volumes of 200 ,1 were incubated for the

shorter time of 2 hours at 45°C prior to the add

ion of labelled

human anti-HB~ to the solid-phase. Confirsmtion of specifi

was achieved by incubating separate aliquots of sample with equal
voluows of human convalescent anti-HB~ and normal human serum
respectively. A greater than 501 reduction in the nusber of
bound counts after incubation with specific antibody was taken

as confirmation of a positive sanple.

A modification of this technique was used for HBJA| subtype
(d or z) determination (Ling et al., 1973).

The presence of anti-HB~ was determined either by counter-

ianunot-lectrophoresis as described or by solid-phase radi

mmuno
assay. The latter method was sisrflar in all respects to the

corresponding test for HB#Ag, with HBaAg-coated polystyrene



and titrca expressed as the reciprocal of that

ng rise to a 502 haemagglutination pattern.

Radioimmunoassay was routinely carried out using a direct
two-step non-competitive technique as described by Ling and

Overby (1972). Early use of this method involved incubation of

100 ul sample volumes for 16 hours in polystyrene tubes coated

ith guinea-pig anti-HB ("Ausria 17, Abbott Pharmaceuticals Inc.,

Kurth Chicago, USA). Radioactively-label led anti-HB" from the

same source was used as an indicator of HB"Ag bound to the sol

phase. More recent assays were performed by a modified technique

vaing a polystyrene bead coated with guinea-pig anti-HB~
("Ausria I17). Sangple volumes of 200 yl were incubated for the
shorter time of 2 hours at 45°C prior to the addition of labelled
human anti-HB to the solid-phase. Confirmation of specificity
was achieved by incubating separate aliquots of sample with equal
volumes of human convalescent anti-HB” and normal human serum
respectively. A greater than 50! reduction in the nunfcer of
bound counts after incubation with specific antibody was taken

as confirmation of a positive sang>le.

A modification of this technique was used for HBaAg subtype

(d or j) determination (Ling et al., 1973).

The presence of anti-HB" was determined either by counter-

immunoelectrophoresis as described nr by solid-phase rad

mmuno-
assay. The latter method was si

ar in all respects to the

corresponding test for HB"g, with HBaAg-coated polystyrene









discarded, and the tube contai

ing the pellet was inverted in a

beaker lined with dry filter paper to allow any rema

g Tl

d

to drain off. The pellet was resuspended in 0.1 ml of sterile

distilled water, and a drop was nixed on a clean glass s

e
with an equal volume of 4X ammonium molybdate solution adjusted

to pH 5.3 with potassiun hydroxide. A drop of the stained suspen-

sion was transferred to carbon-fornvar-coated copper grids
(Smethurst No. 400: Saethurst Highlight Ltd.,
f

England) and excess

d was removed by touching the grid with (lie torn edg™ of a

piece of filter paper. The grids were insnediately examined in an

AEI 801 electron microscope (AEl, London, England). A “positive
control* consisting of a serun previously characterised as

conta

ng all three morpholoy

al forms of HBAg was

cluded in
each test run.

Imune electron microscopy was perforimd by the addition of

an equal volume of hyperimmune antiserum to HB Ag to the clarified
sample prior to ultracentrifugation. The optimal dilution in
PBS was previously deterr

ned by experiment and immine cosplexes

allowed to develop by incubation for Ib hours at 4°C.

Cel chromatography

1 Cel filtration

Cross.

nked dextran gels for molecular sieving (*Sephadex*

Pharmacia Fine Chemicals, I"ppsala, Sweden) were swollen in PBS

in a steam bath to exclude trapped air. After cooling, gels were



poured in coluni to give a minimun diameter to height ratio

of 20:1. Cels were equilibrated with at least one bed volume of
the desired eluent buffer before use. A 0.11 solution of Blue
Dextran (Pharmacia) was used to indicate void volumes (Vo>.
sanéles were applied imdcr reduced pressure either through end-
adapters in direct contact with the gel surface or by underlaying
following the addition of solid sucrose to increase the density

of the sancple.

2 Affinity chromatography

Agarose gel beads (Sepharose AB: Pharmacia) were activated

th cyanogen bromide by the method of Cautrecasas (1970) or
purchased in an activated freeze-dried form. Coupling of

iassune globulin was accong

hed in O.1M bicarbonate buffer pH 8.3
by gentle mixing for 2 hours at 37°C or 16 hours at A°C. Any

ream

ng unfilled sites on the activated Sepharose were blocked
by a further 1 hour of incubation in 1M ethanolamine. Before use,
the gel was thoroughly washed in alternating cycles of 0.IM sodium
bicarbonate # 0.5M NaCl pH 8 and O.IM sodium acetate ¢ O.IM NaCl

pH A buffer.

The prepared inmunoadsorbants were packed in 5 ml bed
volumes into 10 ml plastic syringe barrels over a layer of glasi
wool. A maximum of A ml of HB Ag-positive plasma was run onto
the inamjnoadsorhant and incubated for 2 hours at 35°C prior to

washing with bicarbonate buffer. Washing was continued unt

the optical density of the eluate was less than 0.1 at 280 nm

Bound antigen was eluted with 1M acetic acid ¢ 1M NaCl pH 2.5.



Coneanaval in A was obtained already immobi

sed onto activated
Sepharose 48 (Pharmacia Fine Chemicals). The gel was thoroughly

washed with 0.0IM tris pH 7.5, 0.14M NaCl, Is« MnClj. HB#Ag-

positive plasma was applied as for the insnunoglobul

immobilized

columns save the colunm was washed directly the plasma was

applied. Carbohydrate-conta

ng material was eluted with 0.0IM
tris pH 7.5, 0.14M NaCl containing 5X a-methyl-D-mannoside

(OruTtlti et si., 1975c).

F Hitrecentrifugation

In early experiments, hepatitis B antigen was precipitated
prior to centrifugation from clarified serum by the addition of
a 30% w/w stock solution of polyethylene glycol 6000
(Koch-Light Ltd., Colnbrook, England) to give a final concentra-

tion of 5T. After gentle mi

ng for 15 minutes followed by an

overnight incubation at 4°C, the precipitate was collected by

centrifugation at 500 g for 10 minutes at 4°C. The precipitate
was redissolved in 0.05M tris-HCI buffer (pH 7.2) to one fifth
of the original volume. Quantitative assessment by discontinuous

counter-insnunoelectrophoresis and reverse passive harmagglutination

demonstrated at least 90X of the antigen present in the original

serum was present in the preci

Three to four ml aliquots of the redissolved prec

were subsequently layered onto 20 ml volumes of caesium chloride

(1) solution at an i

al density of 1.20 g cn  and buffered



with 0.05M trU-HCI pH 7.». The antigen wee handed at its
buoyant density by centrifuging at 100,000 g for 18 hours at
4°C in an SU30 MSE swinging bucket rotor. The gradients wen
collected iron the lop in one al voluars and each fraction

screened for the presence of HBMg. Fractions conta

ng a high

titre of antigen were pooled, concentrated in a Minicon 815

ultra

tration unit (Aaicon Ltd.) and rebanded in CsCl for at
least a further 18 houT» at 100,000 g. Fractions containing the
antigen were again pooled, concentrated, and exhaustively dialysed
against either 0.05M phosphate buffer pH 7.5, or PBS prior to

storage at -20°C.

In later experiments, the initial polyethylene glycol step

was omitted and the following centrifugation procedure adopted.

After clarification of the hepatitis B antigen containing serum

at 3,000 rpm for 15 minutes, 11.5 ml samples (density approximately
1.005 g cn"3) were applied to a discontinuous CsCl gradient
containing 15 ml of 38.5X CsCl <1.4 g cm"3) and 12 ml of 22.5X

csCl (1.2 g cn™3), buffered with 0.01

tris-HCl pH 7.3. The
cosgileted gradients were centrifuged at 25,000 rpm (80,000 g
average) for 16 hours at 10°C in a Beckman SU27 swinging bucket
rotor. A total of thirty-seven I ml fractions were collected
from the top of the gradient and the presence of antigen detected
by reverse passive hacmaggl “tination. The refractive index was

also determined for every fifth fraction. The five fractions

containing the highest titres of antigen were pooled and 0.435 g

of solid CsCl added (final density approximately 1.3 g cm 3).
After solub

ation, rhe pool was clari

ied at 1500 rpm for



2 Minute* and 4 al layered over 5 ml of 38.5Z CaCl. The discon-
tinuous density gradient was completed by the addition of 4 al of
22.5X CaCl <1.2 g cn”3) and 5 al of 11.25* CaCl <1.1 g ca"3). The
antigen was then allowed to float in the gradient to its buoyant
density during centrifugation at 25,000 rpa <80,000 g average) for

16 hours at 10°C in a Beckman SU27.1 rotor. After centrifugation,

the gradients were fractionated into twenty four 700 m1 volumes

and the presence of antigen detected as before. Refractive indices

were determined for every third fraction. The three fractions

containing the highest titres of 1B Ag were pooled and dialysed
either against PBS or against a IX solution of Urografin (sodium-

and meglumine-amidot risoate, 10:66; Schering Chemicals Ltd.).

Rate-sonal gradients were made by d

ion of a 60Z Urografin

solution in 0.01M tris pH 7.3, 0.1M NaCl, ImM EDTA. ive al

discontinuous 5 - 20X gradients were made in 5X incremental steps
and allowed to diffuse for 1 hour at room temperature prior to

the overlaying of 200 ul of antigen in IX Urografin and centrifu-
gation for 80 minutes at 60,000 rpm (260,000 g) at 10°C in a Beckman
SW65 Ti rotor. Hepatitis B antigen was precipitated from fractions
of interest by diluting 1:20 in water and centrifuging for 2 hours

at 65,000 rpm <310,000 g) at 10°C in the SW65 rotor.

Equilibrium centrifugation of HBcAg-conta

ng samples was
perfora?d in 20 - 60X w/w preformed linear sucrose solutions.

Five ml

iquots of 60X, 402 and 20X sucrose in 0.01 tris-HCI

pH 7.4 were layered consecutively in a 17 ml centrifuge tube and



lowed to 41ffuse (or at least 1 hour at 4°C prior to use. A

1 ml sample was placed on top of the gradient and the latter

centrifuged at 25,000 rpa (80,000 g) for 16 hours at *°C in a

Becksum SW27.1 rotor. fractions were collected in one ml amounts
from the meniscus. In iosr experiments, aucrose-ficoll gradients

were used as an alternative method. Following the method of

Lipman et al. (1973), a 43X w/w sucrose, 13X w/w ficoll stock

solution was prepared in D0 (density 1.106 g cn S conta

0.0IH NajPO*.  Incremental

ng
dilutions were aide 1:2, 1:3 and 1:4
respectively in D0 conta

g phosphate and 4 ml gradients

prepared using srixtures of an equal volure of d

ition and stock
solution. After storage overnight at 4°C, one ml of sa”>le was
placed on top of the gradient and the latter centrifuged at

57,000 rpn (235,000 g) for 4 hours at 4°C in a Beckman SUG5
rotor. Fractions were collected in 500 ul amounts from the

mniscus and the linearity of the gradient checked by refractometry.

C Electrophoretic methods

1 Isoelectric focusing

Protein mixtures were separated according to their isoelectric

points in preformed sucrose gradients containing carrier ampholytes

(*Amphol

e* LKB Produkter, Bromms, Sweden). Sables conta

g
between 1 and 10 mg of protein were added to the mixing chasd>er
of a gradient former designed to deliver a 40 to OX w/v sucrose
gradient

to a speci ly constructed glass colunn (Vesterberg

and Svensson, 1966). The anode was protected with a lock



solution of 1.4X orthophosphorlc acid (pKa 2.1) and 60X w/v

sucrose. The preformed sucrose gradient vss overl

with

21 ethanolsadne (pka 9.5) as the cathode lock solution.

The carrier anpholytes were generally added to a final

concentration of IX. In soar experiments, this was increased to

2X if solub

ty problens were encountered. The rapidly

migrating carrier asg>holytes tstsklisVted a pH gradient in under
8 hours at a maximum power output of 5 watts. Proteins were
allowed to augrate to their respective isoelectric points for
at least a further 24 hours before collecting the gradient by

downward displacement with water.

Flat-bed isoelectric focusing was carried out in th

layer
plates of polyacrylaadde as the stab
1968).

ation mediun (Awdeh et at.*
Coaaaercially prepared acrylamide layers impregnated with
Anholine (Anpholine-PAG plates, LKB Produkter) were used as
described by Davies (1975).

2 Polyacrylamide analytical gol electrophoresis

The constituent polypeptides of HBMAg were characterised by
sodiun dodecyl sulphate-polyacrylamide gel electrophoresis

(SDS-PACF-), separation being effected at alkaline pH. Gels

were prepared from a stock solution containing 28X w/v monoswr

and 1.4X methylene bisacrylamide as cross-linking reagent. This
was diluted to the required concentration and buffered with 0.375M

tris-HCl pH 8.9. Cels iu addition contained 0.5M urea and 0.1X

SDS. Polymerisation was brought about in 5 ass internal diameter



precision-bore glass tubes by the addition of Hj

J
ethylene-diamine and ammonium persulphate at final concentrations

~tetramrthyl
of 0.03 and 0.075Z respectively. After allowing polymerisation
to proceed for several hours at room teng>erature. final polymer-

isation was achieved by storage for 16 hours at *°C. Polymeri

ing

ions were reaoved by a preliminary electrophoretic step with 0.375M

tris-HCI buffer containing 0.5M urea and 0.1Z SDS. Resolution was

considerably improved by the additional soaking of the gel» in

the same buffer containing additionally 0.1Z dithiothreitol.

Inmediately before use, the gels were returned to clean running

tubes and trinmrd to the required running length of 8 to 10 cm.

samples for analysis were disrupted in 1Z SOS, 0.5M urea
and 0.1 dithi

rei tol at SO°C for 15 minutes or 100°C for
2 minutes. A one-fifth volume of 0.47M tris-phosphate buffer pH

6.7 was added and the density increased by adding a two-fifths

volume of SOZ w/v sucrose. Sandies containing a maximum of 250 wg
of protein were electrophoresed at 2.5 mA/gel in tris-38n#1

glycine, pH 8.6, containing 0.1Z SDS, 0.05N urea and 0.02Z

dithiothreitol. Phenol

red was added to the samples as a tracking

After electrophoresis, gels were extruded into 5Z trichloro-

acetic acid and separated polypeptides fixed for at least 16 hours.

Protein was detected by sta

ng with 0.5Z Coomassie Br iant

Blur and destained in 7Z acetic a

. Carbohydrate was
visual

ed by periodate-Schiff sta

ng as out

ed by Zacharius
-t al. (1969).



Stained Reis were scanned at 620 ns (protein-stained) or
540 ms (carbohydrate-stained) in a Joyce-Loeb1 Chruuuscan 200
densitometer. Trace-labelled components were detected by the

freesing of the gels in the presence of glycerol prior to cutting
the gels

0 1 ran slices. Radioios

ine was detected by the
placing of slices directly into a Garama-Cuard well-type scintil-

lation counter.

H Chemical analyses

1 Total protein content

The gross amount of protein present was estimated by a
modification of the technique originally published by Lowry at

al. (1951). To 100 pi of sample was added 1 ml of 0.0IX copper

sulphate, 0.02X potassium tartrate in 0.1M NaOH containing 2X
sodium carbonate. After 10 minutes at room temperature, 50 ul

of Folin-reagent

uted 1:1.4 in dist

ed water was added by
vortex mixing and the development of a blue colour allowed to
proceed for 30 minutes prior to the measurement of absorbance
at 700 ns. Protein concentrations were estimated with reference

to a curve obtained with crystallized bovine serum album

(Signa Chemicals Ltd.) dissolved to predetermined concentrations.

The concentration of HBAg in purified preparations was

estimated where appropriate using an extinction coeff

ent of
37.26 for a 0.1X solution at 280 nm (Vyas et al., 1972).

Corrections for light scattering were made where necessary by
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taking a further reading at 320 m.

2 Aaiino acid awalyaia

saaple. for analysis were hydrolyzed in 6N hydrochloric

acid at a final concentration of 0.1 - 1.0 mg of protein. A

crystal of phenol was added to each mixture to prevent the hydro-
lysis of tyrosine together with SO pi of g-mercaptoethanol for
the reduction of disulphide bonds. The atmosphere shove the

mixtures, contained in heat-resistant glass ampoules, was replaced

with nitrogen and heated for 1 to 3 days at 110°C in a hot air

oven. After cooling the ampoules were broken and the hydrolysate

concentrated by frcese-drying in vacuo in the presence of solid

sodium hydroxide.

utions of lyophilised material were made in 0.0IN

hydrochloric acid prior to injection into a Jeol 6-AH automatic
amino acid analyser (Jeol Ltd., Tokyo, Japan). Constituent
amino acids were separated on two columns of Jeol resin LC-N-2.
Neutral and acidic amino acids were separated on a long column
(0.8 cm x SO cm) and basic amino acida on a short column (0.8 cm
x 15 cm) using a predetermined sequence of sodium citrate buffers
(PH 3.25, 4.25, 5.28) as eluents. E

ted amino acids were detected
by spectrophotometry at 570 and 440 nm after reaction with
ninhydrin. Quantitative estimates for each amino acid species
were determined by comparison of integrals with those obtained
using a standardised commercial mixture of a-amino acids

(Calbiochen Ltd.). Norleucine (50 - 100 nmoles) was occasional

added as an internal marker. Variable lengths of time for the
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hydrolysis of samples enabled corrections to be made for both
the partial destruction of threonine and serine and the incosg>lete
hydrolysis of isoleucine and valine.

Owing to the cosglete destruction of tryptophan during acid

hydrolysis, the total content of this asrfno acid in puri

ied
HB*Ag preparations was determined separately by two different

aethods.

In the first method, samples were examined by spectro-
photometry at 280 nm both before and after exposure to N-

bromosuccintde following the method of Spande and Witkop (1967).
Samples were d

ited in 8M urea adjusted to pH 4.0 with acetic

acid to give a final absorbance of 0.8 to 1.0. An

t

ultra-violet spectrum was recorded prior to the addition of 10 m!

quots of 10*1 N-bromosucc

de at IS minute intervals to

both the sample and the reagent blank. Brosxjsucclnimide was

added until there was no further decrease in absorbance at 280 mm.

A spectrum was again plotted and the percentage tryptophan content
calculated using the formula of Spande and Witkop, vis»
A 07D"280nm x 1.31 x m wt of tryptophan

—— —— *

tryptophan  weight of arapje/n.! x molar ex
coefficient of tryptophan

Alternatively, tryptophan content was estimated by non-

destructive spectrophotometry by the method of Bredderman (1974).

A known weight of saople was added to 6H guanidine-hydrochloride

in 0.02M phosphate buffer pH 6.8 in order to expose and normalise
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11 available tryptophan residues. Optical density measurements
were obtained at 275, 280 and 288 nm prior to the addition of

NaOH. The resul

ing shift in tyrosine
absorption at alkaline pHwas monitored at 295 nm over a 15

minute interval and extrapolated to aero time in order to m

variations due to turbidity (Edelhoch, 1967). The tyrosine

content was then estiauted using a A rMJ of 2480 M-1 and the
result used to calculate the absorbance due to tTyptopban at
275, 280 and 288 nm measured at neutral pH. A<
then inserted into the fo

owing formula modi

ied from Bredderman
(1974):

(1.863 A280 - 0.716 A299 - 1.146 A" X {ooeono
wt of sandle (ug/ml) x 10

The presence of free sulphydryl groups was estimated with

the use of Ellman"s reagent (S°,5-dithiobis-2-nltrobenroic aci
El Inan, 1959). Approximately 2 mg of HB"Ag in 0.05M trin-

phosphate buffer, pH 7.5 was added to SM guan

ne hydrochloride
containing 10nM of Ellman's reagent. The optical density of the
solution at 412 nm was measured 15 minutes later against a reagent
blank and the sulphydryl content estimated assuming a molar

extinction coef

nt of 13,600 at this wavelength.

3 carbohydrate content

The total carbohydrate content of HB"Ag was estimated by the

phenol-sulphuric acid method (Dubois et al., 1956). The phenol

solution (80Z by weight in water) was freshly prepared on the



day of use. A 20 pi volunc followed by 1 ml of concentrated

sulphuric scid produced a suitable coloration within X> minutes

of addition to 400 pi of satiric. The optical density of each

solution was measured at 480 nm (pentoses) and 490 nm (hexoses)

larly-treated reagent blank in the reference beam.
The amount of carbohydrate present was estimated using a calibra-

tion curve obtained by analysis of standard glucose solutions.

4 Extraction of lipid

Lipid was extracted from HB#Ag by a modi fication of the

procedure described by Bligh and Dyer (1959). Approximately

2 mg of puri

ied HB#Ag in 0.5 ml of PBS was extracted by the

addition of 1.5 ml of methanol-chloroform <2x1 v/v) in a conical
glass centrifuge tube. The mixture was shaken intermittently

for 1 hour at room temperature and the resulting protein prec

tate collected by centrifugation. After removal of the

supernate, the residue was resuspended in 0.4 ml of water and

extracted with a second coluim of mpthanol-chloroform. The

residue was again collected by cent

ugation, and the supernatant
One ml of water was added to the confcined stipernates
and separated into two phases by the addi

decanted.

ion of 1 ml of chloroform.
The lower chloroform phase was recovered and dried in a stream
of nitrogen. No protein was detectable in this extract. The
residue was redissolved inanediately prior to analysis in 40 pi

of methanol-chloroform.
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Creenwood (1962). Antigenic Materi

. previoualy separated from
plassn proteins, vas quantitated by opti

al density measurement
at 280 nm and adjusted to the required concentration with 0.05N

phosphate buffer, pH 7.5. A 10 pi aliquot was mixed in a small

glass vial with 1 «Ci of Nal251 in 10 pi

Chloramine-T in 100 pi
of phosphate buffer waa added dropwise through a No. 25 gauge
ayringe needle over a period of 30 seconds, to be followed

90 aaconds later with a alight excess of sodium metabisulphita
to terminate the reaction. The whole procedure was carried out
at room tengeerature and unbound i

ine inandiately removed either
by dialysis or by elution through a 25 x 0.9 cm col

Sephadex 0-25 previoualy equ

brated with PBS. In later
experiments, Mrginally better separation of HB"Ag from the

reactants was achieved by elution through a si

ilarly-sired
column of Sephadex 0-200 ft

owing dialysis overnight at 4°C.

lodination of surface protein was carried out using the
method of Stanley and Haslam (1971). The antigen preparation

was standardised as for the chloraaine-T procedure. The reaction

mixture consisted of 100 ug of lactoperoxidase (Signu Chemical

Co.) in 100 pi, 1 sCi of Na, M1 in 10 pi and 100 pi of hydrogen

peroxide previously d

ted 1:3 in 0.05M phosphate buffer pH 7.5.
The reaction was allowed to proceed for 15 minutes at room
teagerature before terminating the reaction by the addition of
160 pg of cysteine-hydrochloride. Free iodine and other reactants
were removed as before.
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Free amino group* present on HBAAg particles were reacted

ith an iodinated hydroxyphenyl propionic acid ester as an

alternative means of radiolabelling. The

ated eater was
prepared as described by Bolton and Hunter (1973) and stored as

a dried residue at 4°C until required. Conjugation of the ester

to HB"Ag was achieved by adding a 10 ul volume containing antigen
to the residue together with 10 ul

of 0.1M borate buffer, pH 8.5
at 0°C.

After 15 minutes, 0.2 ul of PBS was added and conju-
gated ester separated from unbound eater by inssediate chromato-

graphy of the reaction mixture on a 22 x 1.6 cm colunsi of

Sephadex G-200 equilibrated with PBS.

J Assay of DNA-dependent rNA polymerase activ

Whole plasma and serum was centrifuged in order to concentrate
HB antigen to the bottom of a centrifuge tube. Large volumes of

plasma were centrifuged in the SW27.1 rotor at 25,000 rpm (80,000 @)
for 16 hours at *°C, although in later experiments the time was

reduced to A hours. Small volumes of sera obtained from cl

cal

cases of hepatitis were centrifuged in the Beckman AR40.3 rotor

at 20,000 rpm (28,000 g) for 16 hours. Pellets were resuspended

in 1720 of the original sample volume and 25 1 volumes added to
a reaction mixture conta

g 16 umol of tris-hydrochlo

e, pH
7.5, 4 uranl of MgCI2, 12 umol of NH4C1 and 0.05 umol each of dATP,

dCTP and dCTP (Kaplan et al., 1973). Tritiated-TTP was also

included at a final act

ty of 1.4 WCi. Enzyme act|

ty was

activated by the addition of nonidet P40 and B-smrcaptoethanol at



final concentration« of IX and 0.3X respectively. The concentra-
tion of mercaptoethanol was increased tenfold in the preparation
of labelled HBcAg (Moritsugu et al., 1975). The total volume of

the reaction mixtures was 145 pi.

Following incubation at 37°C two 50 pi al

uots from each
reaction mixture were spotted onto Whatman 3WM 2.5 cm diameter
paper discs, air dried, and immersed in 5X trichloroacetic acid

for 16 hours. Discs were rinsed in 5X tri

hloroacetic acid for
1 hour prior to dehydration in absolute alcohol and air drying
for 20 minutes at 60°C. The dried discs were counted by insncrsion

in 10 ml of scintillation fl

d (4 g 2,5-diphenyloxazole and
0.1 g 1,4-di-(2-(5-phenyloxa*olyl))-benrene) and placed into a

Corumatic 200 2-channel liquid scintillation counter. V

were each counted for ten minutes to obtain a calculated cpm

h a standard deviation not greater than 3X. Under these
conditions, counting efficiency for tritium was approximately

45 - 50X and the (efficiency)2:background ratio greater than 100.
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A Hepatitis B surface antigen
I Eubtypea of HB.Ag
Each plaama avallabla in a sufficient quantity for further

study was characterised as contai

ing HBMAg of subtype ad or af

using a Modified solid-phase radioiasnunoassay procedure as
previously outlined. A total of 52 donations were available fro«

Regional Blood Transfusion Centres the UK. Of these 30 were

characterised as containing HB#Ag/ad (582): the remainder were
all confirmed as containing HB*g/aj~ (42X). There were no

equivocal results using this procedure. In para

I, a reference
panel obtained from the Standards Laboratory of the Public Health
Laboratory Service was found to contain 74T HB"Ag/ad and 241
HB"MAg/ay. A further series of 9 donations was obtained fro*

Athens, Creece. All of these were found to contain HBAg/aj.

A collection of serial saaples were available from

ical cases of acute type B viral hepatitis for further study.

ited number were sisdlarly subtyped and individual results

are quoted below in conjunction with the finding of HBCAg acti

.2

2 Morphology of virus

es in HBsAg-positive plasma
and serum

Examination of ItBY%g containing plaama and serum by negative

ng and electron microscopy revealed a variety of pleomorphic



virus-lik« particles (figure 1 ). By far th* Bost common was a

roughly spherical part

e varying in disaster from 16 to over

30 ns. In soasr samples, repeated measurements indicated a

bimor!

stribution within this range centred around 25 nm

and 30 nai (figure 2 ). Interpretation of surface structure

proved difficult owing to poor penetration of the negative atai

although occasional surface structures 6 to 6 nm in diameter could
be resolved.

Filaswntous forms possessing a similar range of

diameters were a constant feature, although present in far fewer
numbers. No surface striations were discernable along their

length which varied from 40 to over 200 mm.

Less than IX of the morphological forms observed possessed

a diameter greater than 40 nm. Of these the majority were

double-shelled in appearance with an outer diameter of 42 to
45 nm, and closely resembled the par:

at. (1971)

es described by Dane et

in possessing an inner core cosgronent of approximately

27 nm in diameter. Densitometric scanning of micrograph

negatives confirmed the complex structure of this particle and

suggested the existence of a 1.5 - 2 nm thick electron-dense

layer imsediately in contact with the inner core component. A

nunber of similarly-sixed part

es were not penetrated by negative

stain to reveal any internal structure. These were particularl

prominent in preparations contai

ing HBcAg-associated DNA
polymerase act

ty (figure 3«) . The latter preparations also
contained an increased nunfcer of filamentous forms and occasional

a number of unpenetrated spherical part

es 56 nm in diameter
were also observed.
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these Morphological forms were aggregated by either huai

convalescent scrim or horse hyperismnme an

H*t.

3

Isoelectric focusing of serun containing HB,Ag

The technique of isoelectric focusing a*y be used for ana-

Iytical or preparative separation from heterogenous mixtures of
ind

ual ampholytes, particularly proteins.

the resolution this technique may offer, which

is accompanied by

an alnost coisplete recovery of total protein after separation.

A 100 pi volume of serum previously clarified by centrifugation

was focused in a pH 3 to 10 gradient in order to examine the

relationship of HBMg to other plasma proteins in condi

ions of

low ionic strength (figure 6 ). After 3 days of isoelectric

separation, solid-phase rad

nsnunoassay for HB(Ag act

y
revealed a close association of the antigen with the sujor

serum components possessing isoelectric points within the pH range

4.0 - 7.0. Antigenic ac

ty was not detected in fractions
containing separated gamma globulins, the latter possessing

isoelectric points greater than 7.

Fractionated material contai

ng HB"Ag were examined by
electron microscopy. Small spherical forsm of HBgAg were seen

in each of the fractions examined, desnnstrating that the
presence of a nuntoer of serum components may be closely associated

with HB Ag particles. Moreover, the amount of antigenic ac

ty
recovered appeared proportional to the amount of protein present,

assuming an approxismte

ear relationship over the range of

issay results obtained (Overby et al., 1973).
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*  Effect of vatlon» reagent« on the isam.r.oreactivity of

HB-Ak in pU»n

As part of s wider study (ses Section D below) the effect of
various reagents on the iswxmoreactivity of HB~Ag in whole plasma
was examined. Incubation with nonionic detergents would be

expected to remove any non-specificslly bound serum protein and

lipid from HB#Ag. The preservation of antigenic titre demonstrated

that no additional determinants were unmasked, and exposed

determinants remained unaffected by such treatment. Exposure to

snionic detergents produced no change at

final concentration
(sodiun dodecyl sulphate) or s

htly reduced the antigenic titre

(sodium lauryl sarcosinate). In contrast, the positively charged
detergent, cetyl trimethylamoniumbromide, appeared to markedly

reduce the affinity of HBgAg for its antibody, indicating a

negatively-charged moiety to be important in HBMAg ianunoreac-

ty (Table 3).

Various diaaociating reagents were also examined at concen-
trations sufficient to rupture surface hydrogen-bonds without
leading to extensive unfolding of the HB"Ag particle. Of these,

only formamide produced any significant effect, probably as a
result of an interaction with HBMg protein by a mechanism unique

to this weakly protic amide solvent.

The reducing agents B-mereaptoethanol and dithiothreitol

were found to have markedly different effects. Enhancement of

tre was apparent following removal of B-mercaptoethanol whereas
a similar resuvsl of dit

threitol did not allow a recovery of
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the i

itial antigenic titrn. Unlike B-mrcaptoethanol,

dithiothreitol

less sensitive to oxidation and may result in

the irreversible reduction of disulphide bridges.

The effect of some of these reagents on purified HBgAg is

examined further in Section D.

B Separation of HB-Ag

1 cel chromatography of HBwAg-containing plasma
Sephadex C200 is a relatively simple and economical stationary
phase for the separation of macromolecules from lower molecular

weight material. Samples of plasma were clarified by prel

centrifugation at 15,000 g for 30 minutes at 4° and applied

ectly to a 100 x 5 cm diameter colum previously equ

brated

th 0.05M tris-hydrochloric acid buffer pH 7.4. Applied
volumes of up to 75 ml resulted in elution of 5X of the total

applied protein in the void volume which also contained HB"Ag
acti

y. Although there was considerable

ution of HBAg,

there was little or no loss of antigenic titre.

gure 5 shows
the elution profile of a typical separation on Sephadex C200.

Peak 1 possessed all of the recovered HB Ag ac

ty. 196 and
albumin were the prominent components of peaks Il and IV

respectively whereas the elongated molecule of Fibrinogen resulted

its elution {mediately behind the void volume in peak II.



The constituents of peak I were analyzed by isoelectric
focusing. The result following 2 days of electrophoretic
separation in a pH 3 - 6 gradient is shorn in figure 6 . The
reanval of the majority of normal plasma proteins by the previous
step of gel chromatography allowed the focusing of HBgAg into
two bands corresponsing closely to peaks 1 and 11 of absoibance
at 280 nn. The broad peak of protein in peak V (pi 5.2) corres-
ponds exactly with the behaviour of human serum albumin in

isoelect:

focusing (Carlsson and Perlmann, 1969). Peak IV may
also represent a polymer of human serum albumin. Peaks 111 and

VI were unidentified.

Normal serum proteins were not detected in

her peak of

HBAAg by imaunodiffusion against horse antiserum to whole human

protein. The isoelectric focusing of HB Ag/ad resulted in the

recovery of the < determinant in both peaks of HBMAg activity,

demonstrating that each peak had at least one determinant in
common.  Immune electron microscopy confirmed the presence of

HB#Ag as the small spherical form (see figure 7 ). Measurements

obtained from enlarged micrographs show that the particles in

I*=* 1| possess an average diameter of 23 - 25 nm. Examination

of particles recovered from peak 1 proved more difficult due to
the poor de

tion of these sucrographs, although some measure-
ments were pos:

e to indicate an average diameter of 26 nm. A

nunber of experiments with HBgAg/ad showed antigenic act

ty to
be consistently recovered at 3.65 and 4.33, indicating a
heterogeneity of isoelectric point for the small spherical form

of HB(Ag. One sample of HBaAg/af was included in this series of



cxperiments , antigenic activity being recovered at pH |

and
4.90 respectively. This difference almost certainly reflects

le surface.

the antigenic coiaposition of the parti

2 Precipitation of HB,Ag with polyethylene glycol
The effect of addition of polyethylene glycol 6000 on the

concentration of HBMAg from normal plasma proteins was examined

as a preliminary to ultTacentTifugatlon techniques. In

1
experiments with HBsAg/ad, the addition of polyethylene glycol
resulted in the precipitation of over 901 of the antigen present

in the or

nal plasma. However, the percentage recovered in

the precipitate varied over a wide range of values for individual
sera, with recoveries as low as 20X in some cases. In these
instances, recoveries were considerably improved by the lowering
of the pH by the addition of 2N HCl to the plasma to pH 4, nearing

the isoelectric point of HB#Ag. The results of an experiment

performed on one plasma containing HB#Ag/a” is shown in Tsble 4.
In addition, the recovery was marginally improved by increasing
the final concentration of polyethylene glycol to 81. However
the use of polyethylene glycol at acid pH was not regarded as
desirable owing to the possible effects of acid pH on particle
structure (see Discussion) and therefore polyethylene glycol was

not employed in later studies.3

3 separation of HB.Ap, from plasma proteins by ul tracentrifugation

The

uted quantity of HBaAg obtainable by isoelectric
focusing precluded the use of this technique for purifying large

quantities of antigen for chemical analysis. As an alternative
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procedure, HBMg wee prepared fro« either the original plasma or
polyethylene glycol-treated plasna (see Materials and Methods) by
a combination of isopycnic and rate-sonal centrifugation procedures.
Figure 8a shows the result of layering plasma onto a preformed

density gradient consisting of CsCl and centrifuging to equ

brium.

Antigenic acti

ity was recovered in a concentrated band with an
average density of 1.195 g cm V  This value is greater than for
Tow and very low density

poproteins but less than for other
plasma proteins, being within the range defining a fraction of
the serun high density lipoproteins (KDL: 1.06) - 121 g cn V
Rebanding of HBgAg by flotation in a similar gradient resulted

again

n a homogenous peak of antigenic ac

ty at the same
buoyant density value and removed from the main peak of optical
density (figure 8b). Further purification was performed by rate-

sonal centrifugation. Although sucrose solutions are often

employed in forming anti-convective gradients for rate-tonal
separations, its use results in a considerable loss of antigenic
activity. Table 5 shows the recovery of HB~Ag was less than 10Z
of the original follol

ing rate-sonal centrifugation in sucrose
gradients whereas the applied sample obtained by two successive
bandings in CsCl represented a recovery of nearly 151 of the

HB Ag present in the oringinal plasma. This was not the result

of any significant breakdown of particle structure as a comparison

with an identical gradient conta

ing HBAAg positive plassu run

in parallel revealed no significant change in sedimentation

properties (figure 9). The sedimentation coeff

nt was
calculated as 525 from the peak of antigenic activity using the

method of McEwen (1967). Of interest was the finding that



recovery froei the HB,Ag-containing plasma gradient was T

whereas the recovery of HBBAg previously subjected to isopycnic

centrifugation was much lower at 11X of the total antige!

act

ty applied to the gradient. The use of urografi

in the
formulation of the stab

ng gradient considerably improved
the recovery of HB Ag after rate-sonal centrifugation. In

coaaaon with sucrose-conta

ng gradients, HBMAg was recovered

a single, synsnetrical peak of antigenic activity. However,

urografin was found to absorb strongly at 280 nm and to interfere

th the Lowry protein determination assay, and it was therefore
necessary to remove HBgAg from the urografin by differential

centrifugation prior to its chesdcal quantitation. Urografin
not

interfere with the reverse passive haesmgglutination test
in any way, and the resulting preparations were free of normal

plasma proteins as assessed by insmmodiffusion, t*xamination by

electron sdcroscopy showed the fi

preparation to contai
predominantly the small spherical morphological form of HB#Ag
with disasters in the range 22 - 26 nm (figure 10). A proportion
of the particles were penetrated by the negative stain to give a
ring-like appearance. A number of short filamentous forms were
also seen. Rebanding in CsCl isopycnic gradients of HBAQ
recovered from rate-sonal gradients showed no significant change

in buoyant density.

4 AFFi

ty chromatography
The recent development in the use of spherical agarose
as support phases in the imaobilUation of macromolecules hi

proved useful in the extraction of antigens from fluids as a



result of binding onto iamob

xed antibodies du

g passage
through a suitably-prepared column. As an alternative approach

to the purification of HBaAg from antigen-conta

g plasma, a
number of inmunoabsorption columns were prepared using guinea-
pig hyperinsnune sera to HBgAg purified by a centrifugation

procedure si

ar to that outlined in (3) above. S

ar results

were obtained either by siixing whole serum or guinea-pig 1gC

separated by ion-exchange chromatography with freahly-actlvated
Sepharose 48. After absorption of HBgAg as outlined in Materials
and Methods. HBgAg was optimally recovered using 1M acetic acid

¢ 1M NaCl pH 2.5 to rupture antigen-antibody bonds.

igh
concentrations of various salts at neutral pH proved unsuitable
in eluting bound HBgAg. The column could be reused several
times without a significant drop in HBgAg recovery. Table 5

shows, however, this single step was inferior to ultracentrifugati

procedures with respect to both the total amount of HB#Ag

activity and the degree of purification obtained. Antigenic

activity was not precipitated from the eluate by differential

centrifugation at 60,000 rpm for 2 hours, suggesting the rupture

of the antigen-sntibody bonds had also resulted in the breakdown
of HBgAg particle structure. Owing to the small amount of HBSAg
recovered from the eluate, tl

was not veri

ed by electron
microscopy. HBgAg obtained by this procedure was analysed for
amino-acid content for comparison with antigen prepared by
alternative methods: the results are outlined in Section D of
Resul



Affinity chromatography was also performed using commercial

prepared concanavalin A - Sepharose 4B.

thia ligand possessing

the property of binding to carbohydrate-containing structures.

It had previously been observed that the addition of concanaval

A to HBgAg isolated by isoelectric focusing resulted in precipi

tation of antigenic activity, an effect that was reversed by

the addition of u-methyl-D-mannoside. HB”Ag activity in

KA.Ag-positlve serum was found to he retained on a column of

nsnobi Liced concanavalin A. The requirement for ca

um ions
for binding to this ligand necessitated the recalcification of

plasma prior to chroiaatography. This act

ty was subsequently

eluted by the addition of 5Z a-meihvl-D-tnannoside (figure 11),

ong with other glycosylated serum proteins. This experiment

ustrates the potent

usefulness of this non-specific smthod

for HBMAg isolation and reveals that HBMAg contains a carbohydrate
moiety. The degree of purification obtained was comparable to the

isopycnic centrifugation of plasma once in a CsCl gradient (Table 5).5

5  Criteria of purity

HBAAg purified by isoelectric focusing or ultracentrifugation

did not contain normal plasma proteins as assessed by inanuno-

diffusion against animal hyperimmune serum to normal human serum.
Although the possibi

ity that an anti-human serum response may

result on injection of purified HBMAg into laboratory animals.

Ling and Overby (1972) estimated contaminating material to account
for less than 5Z of the total protein recovered. The use of
pepsin during HBsAg puri

ication (Kim et al., 1971; Leach, 1975)

proved unsatisfactory. ldentical amounts of HBaAg banded twice



in isopycnic CaCl gradients were centrifuged and the pclleta

resuspended either in 0.02X in 0.02M HC1 or TNE buffer for 1 hour

at 37°C. After

ution and repelleting, the titre of the
pepsin-treated HB#Ag was 1il2» as roograred with Itd a 10* for
the control, representing a reduction in titre of 99.99 32.
The biophysical aeparation of HBaAg from serum proteins
was Monitored by flat-bed isoelectric focusing (figure 12).

Centrifugation of HB#Ag/af in a urografin gradient resulted in

a si

gle band in a 3 - 10 pH gradient, corresponding to an

isoelectric point of 3.1. This is higher than the value

obtained by isoelectric focusing in preformed sucrose gradients
(pi 4.90 for the Major HB"Ag peak), although pH Measurements on

the surface of the acrylamide layer was subject to a large degre

of experismntal error. A second band was not detected,

probably because of the small guantity of settle applied to the
gel.

C Analysis of HB.Ag

1 Rad

abe

ng of HB,Ag

Antigenic Material separated from plasma proteins was
tracelabelled for analytical studies with an isotope of iodine
(1251, half-life 60 days). Oxidation of carrier-free Nal251

was regularly carried out

the presence of the mild ox

agent chloranine-T. Preli

inary experiments demonstrated

optimal Incorporation of radioactivity at pH 7.5 in 0.0SM phosphate



buffer. Under theee condition* free iodide ion* are incorporated

almost exclusively into the tyrosine residue* of protein to

produce mono- and di-iodotyrosine (Hunter, 1973). Variation of

the asiount of o

ng agent per unit weight of protein

permitted the preparation of i

inated HB(Ag to different spec

activities.

ition of the reaction product in a column

containing Sephadex 0200 resulted in a peak of radiolabel in the

void volume which corresponded to the elution of antigenic

acti

ty (figure 13). In the presence of 10Z trichloroacetic

acid, greater than 97X of the ra

label was precipitated,
confirming the speci

ination of HB Ag protein. The addition

of 30 ug of chloramine-T per ug of HB*Ag in the presence of I nC

Nal251 gave a specific activityof 0.25 uCi/pg. Storage at 4°C

led to a gradual release of free iodine: after 2 months, only

60 - 6SZ of the to

activity was acid-precipitable. This

necessitated the removal of free iodine by frequent dialysis.

ilar elution profile through Sephadex G200 was obtained
for HB#AQ i

inated by the lactoperoxidase technique. The

specific act

ty of preparations iodinated by this method was
approximately 30Z less than iodination of a similar amount by

the chloramine-T method.

Conjugation of puri

ied HBMg with an iodinated acylating

agent as outlined in Materi

Is and Methods resulted s

larly in
recovery of radiolabelled HB Ag in the void volume of a column
containing Sephadex C200. Approximately 92Z of the radiolabel

was prec

tated by trichloroacetic acid. The specific act




of the preparation was approximately 0.16 i

2 Properties of radiolabelled HBsAg

Incubation of HB(Ag radi

abelled by the chloraminc-T
nrthod with rabbit hyper iimune anti-HB# showed that 502 of

1251-MBtAg precipitated at a final antiaeruai dilution of 1:1500
(figure 14). The same antiserum was found to have a titre of

1:16 by counter-iosnunoolectrophoresls. Approximately 90Z of

the acld-precipitable radiolabel was precipitated in conditions

of antibody excess. | W I-MBgA* prepared in this manner may

therefore be suitable for use as a reagent for rad

imsunoassay
procedures.

Isopycnic centrifugation of HB#Ag after iodination

presence of an oxidising agent revealed an increase in the

buoyant density of the antigen according to the specific
act

ty of the preparation. At a specific acti

ty of
0.25 liCi/wg, 1251-HBBAg was recovered at a buoyant density of
1.25 g cm“5 following centrifugation in caesium chloride.
s

A

lar increase was observed for HB*Ag conjugated to the

acylating agent hydroxyphenyl propionic acid eater.

Isoelectric focusing of "~1-HB~Ag prepared by the chloramine-T

procedure resolved the antigen into two peaks of rad

bel

(figure 15). The isoelectric points were determined as 4.7 and

4.9 respectively, although there was some variation between
preparations of HB#Ag obtained from different plasma samples.

These values were consistently higher than those determined for



unlabclled, partially purified HB Ag which was also resolved

into two peaks by isoelectric focusing (see Section B above).

In one preparation, the second, sure basic peck was recovered

fros the alkaline pH range (figure 1B). The isoelectric point

of this sute

I was 9.6 - 9.8 and closely resettled the value

obtained by the isoelectric focusing of a sample rich in the

filasmntous forms of HB(Ag previously separated by rate-sonal

centrifugation (figure 17). Small spherical forms of HBMAg

obtained from the >anr gradient possessed an isoelectric point

of approximately 3.6. Puri

ed HB™Ag conjugated to an acylating
agent was found to possess a single isoelectric point of 3.65

(figure 18).

3 Aadno-acid conposition of HB.Ag

The amino-acid composition of puri

ied HB~Ag was analysed

following hydrolysis in concentrated hydrochloric acid. Table 6
conpares the recoveries of asuno acids from the acid hydrolysates
of antigen prepared by several different procedures. To assess
the cospositional relatedness of two different protein samples,

a “difference index”

(01) may be calculated by obta ng the

difference in the percentage of nmoles recovered for each aauno

acid and d

ng the sum of their absolute values by half

(Metsger et al., 1968). Two proteins with a s

lar compos

ion
have a D1 of sero, whereas proteins with no asrino acid in cossson

give a DI of 100. A conparison of the two major subtypes of

HB(A8 in this study demonstrated that HBaAg/ad and HBAg/ay

possessed a largely identical protein suiety, purified either by

iaopycnic and rate-conal procedures (01 3.1) or only by isopycnic



centrifugation (DI 6.8). Th« introduction of th« rate-zonal

centrifugation step in sucrose gradients led to a s

ght change
of gross amino acid composition for the pro

recovered from

the band of antigenic activity (OI 11 - 12).

A comparison of HB8Ag/ad extensively purified by centri-

fugation with the same subtype eluted from an immunoah sorbent

ised anti-HB>/ad (Bl 7.4) indicates that

centrifugation procedures do not s

icantly alter the gross
protein composition of HB(Ag.

arly, a comparison of the

filamentous and small spherical forms of HB"Ag revealed very

little difference in the gross composition of the protein moiety

of these two sxxphclogical forms (DI 6.8: Table 6 ). However,
both cont:

ed higher proportions of the amino acids threonine,

serine and proline than recovered for other HBBAg preparations.

Three serum proteins, human albumin, fibrinogen and a Factor

VIII preparation, were also analysed. The relatively lower
proportion of basic amino acids found in HB~Ag by comparison to

human albusdn and fibrinogen is in accord with the lower isoelectric

point of the antigen.

Owing to the destruction of the amino ac

tryptophan  during
acid hydrolysis purified preparations were titrated with
N-bromosucc

mide, a reagent which selectively cleaves

tryptophanyl and tyrosyl bonds (Spande and Witkop, 1967). Because

of the very high molar extinction coefficient of tryptophan at

280 nm, the effect of this titration at acid pH was f

Towed by
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=pectrophotometry in the ultra-vi

let range of uavelengtl

Figure 19 shows the u/v spectra of both subtypes before and

after exposure to N-broaosucc

iarfde. The tryptophan content
vaa subsequently calculated aa 10.4* and 7.4X for HB#Ag/ad and

HBaAg/ay respectively. However, conaiderable variation was

obtained at concentrations above 100 ng cm-5. A second method

enabled accurate swasurements to be made of the contribution of
tyrosine to the absorbance of HB"Ag at 280 ns (see Waterlals and
Methods). The tryptophan content was subsequently calculated

-a 13.65Z and 13.16X for HBaAg/ad and HB#Ag/aj~ respectivel

These values are in good agreement with the independently obtained
values for the extinction coeff

ents of both subtypes (Table 7 )
and the u/v spectra of both the small spherical and filamentous

forms of the antigen (figure 20).

Determination of free sulphydrvl groups by their reaction

with El lean’s reagent in the presence of guani

ine hydrochloride
showed that HB"Ag/a” contained approximately 0.12X off its total

protein as free, reactive -SH groups. By cosgrarison with the

previously determined values for cystine and methione, this

result suggests at least 90* of cystine residues exist as cysteine.

The amino acid composition may be used for the calculation

of the partial specific voliase of a prote

This was calculated
as 0.742 and 0.736 for HBaAg/ad and HB“Ag/ay respectively.



Polypeptide composition of HB.Ag

Polypeptide ronponcnts of HBaAg were separated by acrylamide
gel electrophoresis after dissociation and reduction of the antigen.
The resolution obtained was considerably enhanced by the use of

the discontinuous buffer system. Figure 21 illustrates the

densitonétrie scanning of acrylamide gels stained either for the

presence of protein (upper traces in the figure) or carbohydrate

(lower traces) following electrophoresis. Both HB"Ag/ad and

HB~g/ay gave s ar electrophoretic profiles. Protein sta

ing
revealed two swjor components of 90,000 and 82,000 molecular weight
together with three smaller, minor components of molecular weights

78,000, 51,000 and 30,000 respectively. In addition, a nunfcer

of minor components considerably in excess of 150,000 nelecular

weight were detected. Examination of the gels stained for the
presence of carbohydrate revealed both of the smjor polypeptide

species were glycosylated,

though a much larger component of

high molecular weight was intensely stained by ti

method. None
of the ssi

cr components appeared to be glycopeptides.

Following the radiolabelling of HB#Ag by the chlorandne-T
method, the polypeptide composition was siadlarly analysed
(figure 22). The majority of radioiodine was found to be
associated with polypeptides of molecular weights which closely
resenhled those determined for the major species as observed

after protein st

ng. The minor, 30,000 wlecular weight

coageonent was also detected in 1251-hJ#Ag.

gher molecular weight
material was not clearly discernable

to distinct polypeptide









with phenol in the presence of concentrated sulphuric acid. The

resul

ing coloration was si

ar in its absorption spectrum as
for that obtained for a reference solution containing glucose,

the wavelength of suximum absorption being 492 ns. No signi

icant
contribution to the absorption spectrum was seen at 400 nn,

this wavelength being the peak of absorption for a reference

solution of glucosamine. These results suggest the carbohydrate

moirty to consist largely of h*soi*i, there being no significant

Mounts of pentoses (maximum absorption 480 nm) or amino sugars.

Assuming a lipid content of approximately M I, the total

carbohydrate content of HBgAg was estimated at 8Z by reference
to a standard curve obtained for glucose at increasing concen-
trations.

id composition of HB»Ag

Neutral 1

ds, fatty acids, sphingomyelin and phospho

were all detected by the thin layer chromatography of organic

solvent extracts. No attempt was made to assess the relative

proportions of each class in the lipid moiety of HBMAg. The

solvent systems adopted for the development of the silica gel

chromatograns achieved a full resolution of extracted phospho-
ids.

Phosphatidyl ethanolamine and phosphatidyl cho

both identified, but phosphatidyl serine was absent. T

finding suggests that the carboxyl

group of this phosphol
does not account for the a

nature of HB~Ag as indicated by
the isoelectric focusing of the antigen.
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Antigenic acti

y was not detected by solid-phase rad

inmunoassay in any of the extracts prepared from the separated

Tipid species.

7 Isseunochemistry of HB«Ag

Several methods were examined for the preparation of

antigenically-active sub-units of HB#Ag. Prel

nary experiments
demonstrated that a mi*« of detergents and dissociating

reagents did not reduce significantly the antigenic titre of HB Ag-

containing plasma (Table 3 ). One exception was the finding that

the cationic detergent cetyltrimethylansnonium markedly reduced

HBAg activity. A further experiment showed this detergent to

reduce both the group and subtype react

ties of purified
HBAg/ad (Table 8 ), the subtype determinant being affected at

a lower detergent concentration.

Separation of the protein moiety of HB*Ag was attempted by
treatment of 12*1-HBaAg with the nonionic detergent Nonidet P40
and B-mercaptoethanol, both at 17,

n the presence of AM urea.
Isoelectric focusing in a preformed urea gradient resulted in

a single band of rad

abel with a shoulder towards the anode

(figure 2A). The isoelectric point of this material was

determined as 5.9. Acrylamide gel electrophoresis revealed

essenti

Iy the same polypeptide coiponents to be present as
for the original, untreated 1251-HBaAg. However, tate-zonal
centrifugation of this treated material showed exposure to

Nonidet PAO, 6-mercaptoethanol and urea reduced the S-value of

1251-HB#Ag to 11.8. At least 15Z of the rad

abel recovered
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fro« this experiment was removed from suspension by incubating
100 il

n a polystyrene tube coated with anti-HBg.

Several alternative methods were compared for the cleavage
of HB#Ag into anticonically active cooponents. Table 9 compares
the recovery of antigenic act

ty following exposure to a

nunber of conventional dissociating reagents. Sodium dodecyl

sulphate (SDS) in the presence of urea and mercaptoethanol was

found to abolish almost all of the antigenic act

ty.  Although
only 12X of HBMAg was recovered after treatment with lithium
diiodosa

ylate (figure 25), this figure represented a consider-
able isgtrovenent on the results obtained following disruption

with SDS or guani

ne-hydrochloride in the presence of 8-

smrcaptoethanol. Examination by electron microscopy revealed

the absence of the small morphological form of the antigen following

this treatment (figure 26). Cel chromatography of s

larly treated
1iSI-HB#Ag through a colunm of Sephadex C200 resulted in the elution

of antigenic activity close to the retention volume of the colusn,

and represented a shoulder of low molecular weight material

recovered

the eluate (figure 27).

The finding of an unusually high tryptophan content in the

protein moiety led to a consideration of the insnunochesrical

isportance of this residue. Incubation of HBgAg with

W-brosBsucc

de wis found to result in a considerable reduction

of antigenic oct

(Table 8).

ty as assessed by solid-phase radi

msunoassay
The preservation of tryptophanyl bonds therefore
appears {0 be of i~>ortance in ma

ing HBJAJ reactivity.



D Separation of HBcAg

Ultracentrifugation of HBrAg-aasociated polypriit act

y
Plasma samples con

ng Moderate to high levels of HBCcAg-

associated polymerase act

y were examined further in an effort
to identify the particulate structure possessing this enzyme
activity. Isopycnic centrifugation in preformed linear gradients
of sucrose revealed the major portion of recovered «my*»

activity at a density of 1.28 g cn-5 with a minor peak at 1.25 g on”

(figure 28). Although HBMg was detected in both of these

fractions, the suin peak of HB#Ag activity was recovered at a

lighter density of 1.18 g cm 3. Attempts to perform siaular
experiments in gradients of caesium chloride were unsuccessful

due to the inhi

ion of polymerase act

ty after exposure to
caesium ions. A duality in the peaks of recovered polymerase
activity was also observed using isopycnic gradients of ficoll
used together with a reduced concentration of sucrose in

deuterium oxide in order to reduce the osmotic pressure due to

high concentrations of sucrose. Similar results were obtained

(figure 28) in that two peaks of enzyme act

ty were recovered

in HBgAg positive fractions removed from the peak of HBAg

In order to prepare large quanti

ies of speci

ically-

labelled HB Ag, a plasma pool was prepared contal

ng samples
previously identified as contal

ing high levels of ONA polymerase

act|

ty that was precipitated by anti-HB~ (Table 10). Large

volumes of this pool were centrifuged to concentrate the



HBcAg-cont.

ng pirtitUi, and the resuspended pallet centr

fuged through a 207. aucroae aol

ion to form a translucent band

above a 657 sucrose cushion. Preparations conta

ng a high
level of entyse acti

ity were consistently isolated fro« this

band. A repeat of this step produced preparations rich in the

double-shelled spherical form of HB#Ag. A large nurfcer of
HBaAg filamentous fora« were also present (figure 29). At this
stage, HifAg was separated fro» HBMg In the presence of Xt

Nonidet P40 and 32 B-mercaptoethanol and the HBcAg tracelabelled

by swans of the endogenous DNA polymerase act

ty. lIsopycnic
centi

ugation in CsCl revealed the tracelabel to be associated

h material possessing a density of 1.35 g cn”5 (figure 30).
The peak of trichloroacetic acid-precipitable material was

syssnetri

al and contained no minor peaks at lower densities.

After isopycnic centrifugation, in excess of 982 of the t

activity recovered was precipitated by a chimpanzee anti-HBc

serum at a dilution of 1:50 in a rad

sssunoprecipitation

procedure (figure 31). HBMAg was not detected by solid-phase

radi

immunoassay, and the material was therefore suitable for

further studies (see Section T below).

The sedimentation behaviour of HBcAg separated in this manner

was cosgtared with that of the intact double-shelled parti

e.
Rate-zonal centrifugation in preformed

ear sucrose gradients

resulted in the recovery of HBcAg in a broad band prior to removal

of the outer, HB Ag coat. Following the DNA polymerase reaction,

the close association of the reaction product with HBcAg enabled

its detection as a narrow, slowly-sedimenting band with an



estimated S-v*lue of 420 (figure ).

2 Separation of HB"Ag by isoelectric focusing
The use of isoelectric focusing as an alternative procedure
for the separation of HBcAg from HB*Ag and other plasma proteins

was examined. A plasma sample contai

ng a high level of
HBcAg-associated DNA polymerase activity was subjected to

centrifugation. The pellet was resuspended, incubated with the

enzyme reactants as outlined in Materials and Methods, and the

whole applied to an isoelectric focusing coluim as for the

examination of HBaAg. 3H-HBCcAg was recovered in close associati

with the major peak of optical density at pH 4.2 - 4.3. The

close resemblance in the behaviour of HBcAg to that previously

determined for HBaAg suggested incomplete removal of the outer

coat during the enzyme reaction. However HBaAg was absent from

the peak contal

ng AH-HBAAg as assessed by solid-phase radio-

immunoassay; the surface antigen was found at a lower pH of

3.6 - 4.0 (figure 33)



E Propertie« of HBrAg-associated ONA polymerase act

1 Determination of optimal enzyme reaction condition«

A proportion of concentrated HBAg preparations obtained by

the centrifugation of HB Ag-containing plasma samples were found

to catalyse the incorporation of tr

ated thym

ine triphosphate

<3H-TTP) into a trichloroacetic acid-insoluble product on incubation

h four deoxyribonucleotide precursors

the presence of the
nonionic detergent Nonidet P40. The rate of incorporation was

approximately linear during 6 hours of incubation at 37°C. The
presence of the nonionic detergent was necessary for the full

expression of enzyme activity (figure 34).

Some of the reaction requirements for the polymerase activity

are illustrated in Table 11. All four deoxynucleotide triphosphates

were required for optimal activity» i

icating that the reaction
product is DNA. The addition of the complementary ribonucleotide
triphosphates to the reaction mixture at increasing concentrations

progressively inhi

ted the incorporation of 3H-TTP (figure 3).
The increased reduction of incorporation in the presence of UTP
probably reflects the lower concentration of TIP with respect to

the other deoxyribonucleotides present in the reaction

Vari

ion

the concentration of magnesium ions over a

range of 5 to 40 uM did not significantly alter the rate of 3H-TTP

incorporation. A slight enhancement was seen at 20 wM (figure 36)

and this concentration was therefore used in all future reactions.

The effect of adding manganese ions to the reaction mixture over



lar range of concentrations was also examined. There was
a progressive decrease in the incorporation of VITP, the lowest
concentration used (5 wM) producing approximately 69X of acid-
precipitable product an corgeared to the equivalent concentration

of smgnesium ions (figure 36).

Serial two-fold dilution of concentrated HBA{ prior to the

assay of polymerase ac

ty resulted in a logarithmic decline

in the observed level of ~H-TTP incorporation (figure 37). This
result suggested the possibility that the enzyme, template and
prisier were not present in equimolar quantities in concentrated

HBAg preparations. Electron microscopy of one of these preparations

revealed a high content of the filamentous forms of HBBAg (figure 38).
The possib

ty that the enzyme activity may therefore be stimulated
by other morphological forms of HBAg free of HBcAg was investigated
by the addition of HB Ag small spheres and filaments to the reaction

mixture. A marginal increase in the level of 3H-TTP incorporation
b

owed the addition of either nxtrphological form (Table 12).

This stimulation was highest for the 1:50 dilution of both

preparations. No polymerase activity was detected when HB"Ag was

incubated in the absence of HBcAg.

2 The nature of the template

In order to determine the nature of the nucleic acid tenplate
ie, whether RNA or DNA, reaction mixtures were incubated in the
presence of RNase or DNase. The presence of either nuclease
failed to decrease the level of 3H-TTP incorporation, indicating

the tei~>late to be inaccessible to the action of either of these



enzymes (Table 15).

In the presence of the mutagenic dye ethldium bromide, JH-TTP
incorporation was reduced by approximately SOX at a concentration
of 100 »g/ml (figure »). The intercalating mode of action
reported for eth

um bromide (Crawford and Waring, 1967) suggests
that HB Ag contains a double-stranded nucleic acid tesg>late,

probably supercoiled in structure.

Further indirect evidence that the template for the reaction

is indeed DNA was provided by the finding that actinomycin D, a

potent inhibitor of DNA-dependent nucleic acid synthesis,

icantly inhi

ited SH-TTP incorporation (figure 40).

S Mature of the product

The requirements of the HB"Ag-associated enzyme act

ty
indicated the reaction product was DNA (Table 11). This was

confirmed by extraction of the nucl

¢ acid produced during the
reaction with sodium dodecyl sulphate and pronase. Incubation

of this material with DNase significantly reduced the recovery

of radiolabel as a result of prec tation with trichloroacetic

acid whereas RNase had little effect (Table 14). The product of

the HB Ag-associated DNA polymerase was therefore tentatively

identified as DNA.



r Incidence of HBcAg and anti-HBg

1 Incidence of HBcAg in asymptomatic chronic carrierc

The close association between HBEAg end a specific DNA
polymerase provides en essay of encyme activity for the detection
of this antigen. During a period of several aonths, confirmed
HB~Ag-positive plasna saag>les supplied by two Regional Blood

Transfusion Centres in the United Kingdom were concentrated

20-fold prior to examination for a part

le-associated DNA

polymerase activity. The specificity of the reaction was assessed
by incubation with an equal volume of rabbit anti-HB~. A

reduction of 20X or more in the level of polymerase present in
the supernatant with respect to a negative control reaction waa

taken as indicating the presence of HBcAg-associated DNA polymerase

activity (Table 10). Amongst 52 samples obtained from the first

centre, 5 (9.6X) were found to possess the encyme, whereas 8 of
a total of 18 (47X) from the second centre contained high levels
of encyme act

ty. There was no apparent correlation between

HB~Ag tltre and the level of 3H-TTP incorporation. No si

levels of incorporation were found in a group of HB#Ag-negative

plasn-i sables.

Incidence of HBrAg-associated PNA polymerase acti

acute hepat

s sera

Initially, a total of 20 sera were examined for the presence

of enxyme activity. Hepatitis B antigens were initially concen-

trated by ultracentri fogation in order to min

ire the detection

of non-specific, soluble encyme acti

ty. From this group, 13



(652) were characterised aa containing a significant level of
DNA polymerase (greater than 200 cp* of demonstrable 3H-TTP
incorporation). However, the range of values was considerably
lower as compared to specimens from asymptomatic chronic carriers

(figure ~1). A separate group of sera obtained from 10 cases of

HBAAg-negative acute hepatitis closely reseofcled the 9 HBMAg-

negative donor serat the level of 3H-TTP incorporation exceeded
200 cpra.

This study was subsequently extended to include sera
collected at weekly intervals over a period of 3 to 6 weeks from
16 cases of HB Ag-positive acute hepatitis, the first sanple
being taken at the time of onset of jaundice. The results from

each series of assays is illustrated in figure 42 together with

the titre of HB"Ag present as determined by so

-phase

radioinxnunoassay. During the course of these experiments, the
ae»n value of 3H-TTP incorporation obtained in a series of
negative control sera was below 100 cpn. Higher values for
*H-TTP incorporation were frequently confined to the first 2 weeks

of observation, although the peak of enzyme act

ty may have
preceded the appearance of HB Ag. In one case, however, enzyme

act|

ty was elevated towards the end of the period of observation
and it was accompanied hy a sharp decline in detectable HB"Ag
(patient no. 2s figure 42). A collective examination of the
results from all 16 cases revealed a negative correlation between
HB Ag titre and the level of DNA polymerase activity present in

each serum (figure 43).



One preparation of purified IBcAg obtained iron the nuclei
of Infected hepatocytea was available. Mo significant amount of
DNA polymerase act

y waa detected in this material.

3 Incidence of anti-HB,,

Tritium-label

ed HB~Ag separated from HBMAg by iaopycnic

centrifugation in CaCl waa incubated with seri

I dilutiona of a

chimpanzee hyperisasune antiserum to 1»cAg. Following 1 days of

incubation at 4°C maximum prec

tation of *H-HBcAg occurred
over a 1:10 - 1:100 d

ion range (figure 31). Approximately
S0z of the total tracelabel was present in

a dilution of 1:100,000, den»nstrating the

potentially high

sensi

ty of this procedure for the detection of anti-HBc .

The capacity of several different huran sera to prec

SH-H»cAg is shown in figure 44. A serum sanc>le known to contain

anti-HBc as detected by inenun* electron microscopy wee found to

possess only a low aff

y for the labelled antigen at low

utions.
one sample routinely used in the laboratory as a reference

anti-HB# reagent was found to additionally possess some anti-HBc

acti

ty, but this affi

ty decreased at high dilutions below
that detected for the human anti-HB( reagent at equivalent

concentrations.

A significant amount of preci

tation was observed at two

utions of a reference anti-HBe reagent exasuned. However, the

presence of distinct populations of anti-HB* and anti-HBc

y-globulins was not distinguished.



a routine procedure, the capacity of acute and early

convalescent »era to precipitate 3H-HB Ag were aliened after
d

ution» of 1:5 and 1:50 for each »amp

The results from
7 of 16 acute hepat

is cases together with the findings of
KBcAg and HB"Ag activity are

ustrated in figure 42. At
each

ution examined, a significant level of anti-HBc act

ty
was present from the second week of observation onwards, the

extent of precipitation being greater at a \»50 dilution In most

cases. The comparatively high

res of anti-HBc ac

ty in
these sera resembles the high degree of precipitation obtained

with a dilution of chimpanzee anti-HBc included as a positive

control, illustrating a reaction of serological identity between

HBAg produced in man and the HBcAg recovered in the

ver of
infected chimpanzees.

In several instances, an Increase in anti-HBc act

ty was

accompanied by a sharp, though brief, rise in titre of HB~Ag

(patients 3, 4 and 5). Anti-HB~ was detected by so

d-phase

radioinmunoassay only as a transient response, the level of

corresponding HB#Ag being low (patients 3, 6 and 7). One

exception was the pattern observed for patient no. 2 who presented

a brief anti-HB response at week 4 in the presence of a high

titre of homologous antigen. This was innediately

owed by a
»harp rise in detectable 3H-TTP incorporati

n. However, it was

not possible to deteraune whether this was indicative of belated
HBCAg production or the result of extensive liver damage

accompanying a high titre of anti-HB#



DISCUSSION

A Hepatitis B surface antigen

Early studies in volunteers indicated that the concentration
of infectious particles in serum obtained from patients in the

acute phase of hepati

is B

fection was approximately 10* cm *

(Maczur et al., 1975). The concentration of HBAg part

es

counted by electron microscopy in a sim

ar acute phase serum,
however, is usually greater than 10*° cm * (Shulman, 1970) and

stay be as high as 10** part

es cm These observations support

the contention that the morphological forms identi

ied with HBAg
are predominantly excess viral coat protein. The examination of

HBAg-cont:

ng plasma by electron mirro«rr.py demonstrated the

small spherical form of HB"Ag to be the predominant particle in

samples chosen for the isolation and analysis of HBaAg. The

considerable variation in the size of these par

es together
with their subsequently determined cong>osition provided further

ications that part

es possessing HB#Ag determinants only

represent excess viral protein.

Early experiments by flotation centrifugation and the

staining of precipitin lines revealed HB"Ag to contain both

id and protein (

Iman et al., 1970). The recovery of
HB Ag at a density of 1.19 g cm * in isopycnic CsCl gradients

confirms the lipoprotein nature of this antigen, and

in close
agreement

ith previously reported values (Cerin et al., 1969;

Cerin et al., 1975). The separation of HB"Ag from plasma proteins



does not grossly altsr the chemical composi

ion of the antigen
as assessed by buoyant

sity measurement*. In addi

ion,
purification of the small spherical forms did not significantly

change the sedimentation behaviour of HB#Ag

linear gradients
of sucrose. In both cases the peak of antigenic activity

corresponded to an S-value of 52, and closely resembled the value

of 545 as determined by Cerin et al. (1971). In order to compute

the average molecular weight of this value may be

substituted

to the Svedberg equation (see p 23) together with
the value of the partial specific volume (9 - 0.736) entirically

estimated from the proportions and par

speci

ic volumes of

its components. Assusung a diffusion coefficient of 2.278 x 10-7

om7 sec”1 (Kim and Titles, 1973), the sxtlecular weight of HBgAg

preparations containing predominantly the small spherical form

is 1.96 x 106 by this procedure. However, this eatltaate is
subject to considerable inaccuracy as an error of 11 in the value

employed for 9

I produce a 3X variation in the calculated

molecular weight. Although measurements of particle sices indicated

a possible bimodal distribution in small part

le diameter, these
populations were not resolved sufficiently by centrifugation
procedures to allow separate estimates of their respective

sedimentation coefficients.

Kim and

les (1971) reported that purified HB"Ag, derived
from the serum of individual patients with acute hepatitis B

infection,

grated in an electrophoretic field either in the

ar-B-globul in region or in the 6-globulin region with some

This confirmed their ear

er findings of electrophoretic



heterogeneity of lerum samples obtained from such patients. A
heterogeneity of HBMAg surface properties was also revealed in
these studies by the isoelectric focusing of purified

preparations (figures 6 and 15). The small spherical form was

consistently isolated as two discrete bands in the region of

acidic pH. In sharp contrast, a filament preparation was
characterized as possessing a basic isoelectric point.

Although the basis of this heterogeneity remained unclear, its

preservation following tracelabelling by the chloramine-T

method allowed the analysis of the two heterogeneous bands for

their constituent polypeptides (figure 23). Each band was found

to contain one of the major iodinated polypeptides, together with

a smaller, 30,000 molecular weight component. Both of these

major peak. of acti

ty represented integral components of the

aiaall paitide sliuctuie as revealed by conparison with si

larly
prepared antigen iodinated by the lactoperoxidase method

(figure 22). With a molecular weight of 87,000 lactoperoxidase
specifically labels those protein components whose tyrosyl
residues lie on or close below the surface of the antigen particle
(Stanley and Haslam, 1971). Trace-labe

ing by means of conjugation
to an iodinated acylating agent via free amino groups led to the

recovery of only one radioactive band at pH 3.65. Although the

technique of isoelectric focusing may be used with great effect

in resolving different morphological forms, an apparent hetero-

geneity may be of minor importance eg populations of particles may
only differ in amide content. Interestingly enough, the

filamentous particle in HB Ag perparations contained s

lar

proportions of amino acids after acid hydrolysis to the hydrolysates
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of small particles isolated from the same plasma sample (Table 6b ).

ternati

ely, particle populations may differ only in the extent
of partially filled sites available for other small sulecules

eg phosphate groups, or metal ions, neither of which may be

rectly involved in the structure of the antigenic determinants.

It is worthy of note that sim

ilarly low values of determined
isoelectric points have been obtained for QB phage and several
plant viruses (Rice and Horst, 1972) as well as for Rous sarcoma

virus (Hung et al., 1971).

The close association of HB#Ag with normal plasna components

has been an acknowledged di

iculty in developing purification
techniques for separation of the antigen from plasma prior to
biochemical and serological characterisation. This association
with other proteins in unfractionated plasma was confirmed by
isoelectric focusing (figure 4 ), and supports previous findings

of HBaAg by rad

mmunoassay in certain blood product fractions

(zuckerman et al., 1971). The antigen, morphologically

consisting almost entirely of the small spherical particles,
wan found to be associated with plasma proteins over a pH range

of 4.0 - 7.0. Of interest is the observation that antigenic

activity was not detected in association with separated y-globu

ns,
which is in accord with the long epide

ogical and cl

al
experience that y-globulin is free of the risk of transmitting

hepatitis and with the f:

ure to detect HBMAg, a marker
associated with infectivity, by electron microscopy after Cohn
fractionation of human plasma known to contain the antigen

(Zuckt et al., 1971). Isoelectric focusing of HBaAg after



passage through a colunm of Sephadex C200 resulted in several

HB Ag-negative peaks at isoelectric points that closely resenhlcd

the monomeric and polymeric forms of human alhiasin. HBgAg may
therefore be eluted in the void volume of the gel together with

one or more proteins which would otherwise be retained: the
reversible nature of this association is demonstrated by the

separation of antigenic act

ty from these contaminants

during isoelectric focusing. Burrell (1975) identified several

plasma proteins including albusun which may remain tightly

bound to HBgAg following puri

ication. These addi

ional
co”onents were not resioved by brief exposure to low pH or

by treatment with the detergent Tween 80, but were released by
protease digestion.

A useful separation procedure for monitoring purity is
electrophore

in a 7.5X polyacrylamide gel in the absence of
detergent, which allows clear separation of smaller molecular
weight contaminating protein (Geri

1972; Cerlich and May, 1973).

Gerin at al. (1971) reported that serum albumin was the major

contaminant found by such analysis after two cycles of equ

brium
centrifugation in caesium chloride. A further rate zonal

centrifugation step was found to remove this contaminant, thereby
e

ating all traces of serum proteins detectable by this
technique. The same preparation was subsequently used to

ismunize guinea-pigs (Purcell et al., 1970), with the result
that although a specific high titred antiserum was produced,

titration in a full block complement fixation titration against

utions of normal serum revealed a zone of reac

ty at high



dilutions of normal scrum. Non-specific antibody was readily

removed by passage through a column conta

ng normal serum
protein components coupled to activated Sepharose-?B. The

recently dev*loped technique of flat-bed acrylamide gel isoelectric

focusing is also suitable for the monitoring of purity. HB"Ag
subjected to several cycles of purification by centrifugation

was found to produce a single asymetrical peak following a final

rate-zonal step in Urografin (figure 12). The length of the

gel did not allow resolution of HB#Ag heterogeneity as was seen

by isoelectric focusing in sucrose gradients.

Removal of residual traces of nonssl serum proteins was

achieved by Dreessian et al. (1972a) by treating purified HBAg

with 0.05M phthalate buffer pH 2.4; the purity of material

prepared largely by centrifugation may also be enhanced by

pepsin treatment (Leach, 1975). Such procedures assist in

removing bound contaminants (Burrell, 1975), but in chemical

studies also increase the possi

ty of dénaturation of par

structure or release of essential components which may play an

integral role in HBAg structure. Exposure of HBMAg to pepsin at

Tow pH was found to result in a severe loss of antigenic act

(Results, p 85 ).

In addition to lipid and protein, colorimetric assay of
HB Ag revealed carbohydrate to account for approximately 8E of

its total chemical composi

The irreversible binding of
antigenic activity to immob

zed concanaval

A further i

icated
the presence of carbohydrate on the surface of HB"Ag (figure 11).



The reaction between concanavalin A and carbohydrate-cont:

ng

Molecules is specific for o-D-glucosyl and sterically related

residues (Coldstein at al., 1965). Neurath et al. (1975a) found
neuranm

dase treatment released sialic acid from 11B¥g with a
concomitant increase in isoelectric point from pH 4.35 (subtype
ad) or 4.9 (subtype g) to pH 5.45. Clearance studies in

rabbits revealed desialylation of HB#Ag accelerated the elimina-

tion of HBMAg from the blood by 10 to 20 fold.

Is finding
may be analogous to that found for certain human plasma glyco-

proteins eg ceruloplasm

Ithough the clearance of others
eg transferr

remains relatively unaffected by the presence
or absence of sialic acid (Ashwell and Morell, 1974). In addition,
des

ylation of HBAAg enhanced the huanral antibody response and
stimulated lymphocyte transformation induced by intact HBAg.

There is

tle information available regarding the turnover rate

of circulating HBAg in man. Soulier (1975) reported the half-

e of purified HBaAg

ected into carriers at 3 to 6 hours,

the total renewal time being 3 days. This rapid renewal rate

may explain the failure to treat the chronic carrier state with

anti-HB . As a cell-sndiated immune response appears to play an

essential role in recovery from type B hepatitis (Dudley et al.,
1972), the presence or absence of terminal sialic acid may be of
significance in the interaction between the infected hepatocyte,
circu

ting HBAg, and host defence mechanisms. In addi

extent of sialylation may doe

ne the degree of

HBV in a manner s

ar to the neuram

c acid content of vesicular
stosuititls virus



A comparative analysis of HBaAg/ad and HBgAg/af indicated

there was little difference in the amino acid cosposi

on and
the nutifeer of polypeptide components of either subtype (figure 21

and Table 6a). Both of the major polypeptide species appeared

to be present as glycoproteins. The estimated sulecular weight
of each component (90,000 and 82,000 respectively) was found to
be considerably larger than either of the two major polypeptides

isolated in other laboratories. This almost certainly reflects

the variety of analytical techniques employed and the diversity

of HB#Ag obtained from different sources. In addition, wide

discrepancies may arise due to the presence of varying amounts
of tightly hound host proteins in different HB#AJ proteins or to
the fact that particles of similar general physical properties
but of heterogeneous composition can be produced during HBV
infection. The presence of varying amounts of carbohydrate
covalently bound to protein molecules may also result in some
variation in observed molecular weights. It has also been
suggested that the varial

y in HB#Ag polypeptide profiles may
be due to incooplete post-translational cleavage of large
precursor polypeptides (Gerin, 1974; Neurath et al., 1974) or
to incomplete dissolution of strong non-covalent protein bonds
(Vyas, 1974). The discrepancies in the reported molecular weights
of the component polypeptides of the small spherical particle do
not allow at present an estimate of the size of the HBV genome

necessary to code for structural protein. If the various

polypeptides are each composed of unique viral amino acid sequences
the results quoted above and by others (Gerin, 1972;
1973, 1974) would

Chaires et al

indicate a total unique viral protein content in
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excess of 300,000 daltons; this would require a significant

larger genome than the proposed 1.6 x 10% daltons of double
atranded DNA, to code for structural protein alone, and could

only be achieved if co-operation occurred between different

pieces of a segmented genome, or if considerable additional

genetic information were provided eg from helper viruses. If,

on the other hand, many of these polypeptides represent host

- reri

I or contain sequences in consnon with other polypeptides,

considerably less genetic information would be necessary.

The possi

ty of active iamainisation against hepatitis B

using HB Ag-conta

ng material has been suggested by |

ted

volunteer studies in sin (Krugman and Ciles, 1973) and recent

work with experiment

infection of chiag-anzees (Varkenson et

al 1975), in which

insnunisation with heat-inactivated HBgAg-
posi

ive serum or purified small particles has successfully
modified or prevented disease on subsequent challenge with live
material. A possible alternative approach is the amlecular

characterisation of the major HB"Ag haptcnic site,

Towing its
chearfcal synthesis and possible use as an immunogen after coupling

to a suitable carrier. The use of such a vaccine would avoid the

potential risk of infectivity associated with cl

cal smterial,
and its production would not be dependent on conti

ing supplies
of HB Ag-positive plasma. The feasib

ty of such an approach has
been demonstrated by the successful chemical synthesis of antigenic

determinants of TMV protein and egg-white lysocome, and the use

of this material to stimulate antibody production. Unfortunatel

little signi

icant progress has been made towards the first step



in this approach, namely the characteriaation of HBMAg haptenic

sites.

d treatment of HBaAg-conta

g plasma with a variety of
nonionic detergenta reaulted in no significant decrease in

antigenic aci

ty (Table 3 ). Nonidet P40 used in combination

with mercaptoelhanol in the presence of urea at high concentration
was subsequently found to alter both the surface properties and

the size of the small HBaAg part

e (Figures 24a and 24b). The
reduction of disulphide bonds appears essential for the disruption
of hydrogen and/or hydrophobic bonds which play a major role in
the maintenance of HBaAg morphological
1973).

integrity (Dreesman et al.,

Following isoelectric focusing, an asymetri

al peak was
subsequently characterised as an HBaAg subunit of approximately

150 - 200,000 in molecular weight (11.85). The presence of

6-me reaptoethanol may have contributed to the observed reduction

the affinity of thia antigen for anti-HBa as chemical analysis

icated a large proportion of the cystine residues present

the protein moiety of HBgAg existed as cysteine.

finding has been reported by Sukeno et al. (1972a) who found

approximately 80X of antigenic acti

ty was restored after
reoxidation. The reason for the anomalous effect of

B-mercaptoethanol in HBaAg act

ty in plasma is unclear. The

ty of insnune conplcx dissociation is un

ely as no

y was recovered at a density of 1.25 g cm ~ where antigen-
antibody complexes are thought to be recovered after isopycnic

centrifugation (Gerin et al., 1969). Alternatively, the reagent

may allow the antigen to adopt a more favourable configuration



following (-«oxidation in th« pr«acnce of large quantities of
plaim proteins. Dithiothreitol is a nor* effective reducing

agent and is not so prone to reoxidation.

Several laboratories have recently reported the use of

SDS in the presence of a reducing agent and urea as being an
effective method for the production of Immunogenic polypeptide
coageonents from HBMg.  Shih and Cerln (1975) recovered a total
of 6 polypeptides from HB#Ag/acl and 7 frost HB™Ag/aj~ after

electrophoresis of solubi

sed «stall part

es in polyacrylanide
gels. Following elution and reoxidation, indi

idual polypeptides
were used for the iasaunization of guinea-pi

s. Each antiserum
reacted with both ad and gr. coated red blood cells by passive

haemagglutination assay which i

icated that all of the cons

polypeptides contained the group a HBMAg as part of their
structure. The finding of sisdlar results after issnuniration

with both glycosylated and non-glycosylated polypeptides suggested
the presence of carbohydrate was not essential for this response.

In as

ar study, Dreesman et al (1975) found group-specific

responses to only 3 of 5 polypeptides isolsted from HB"Ag/a® and

to 2 of 5 isolated from HBMg/ad. The low protein content of

each inoculum used in this study <0.05 - 1.0 ug protein per

inoculum) may account for the failure to elicit a response against

some of the coageonents. although some success was achieved in

producing a type-specific respones by insnunization with either

the 19,000 or 24,000 solecular weight cosg>onents isolated from

».Ag/ad.



In a pre

ary experiment the use of SDS, O-mercaptoethanol
and urea vaa compared to the use of guanidinc-HCI and 6-

mercaptoetlianol, the latter confcination having been reported to

offer a considerably better recovery of viral protein antigenicity
(Fleissner, 1971).

though the use of guanidine-HCI resulted

in a 4 fcid improvement in the recovery of HB#Ag, the use of

the reagent lithium diiodosalicylate in the absence of a reducing

agent represented a considerable improvement. S

lar in effect
to SDS but more readily separated from dissociated components,

lithium diiodosalicylate has proved remarkably effective in the
solub

sation of a major glycoprotein component bearing both
MN antigens and phytoaggluti

in receptors from the plasna

membranes of human erythrocytes (Marchesi and Andrews, 1971).

Following exposure to this confound, the isorphologi

ntegrity
of HB#Ag small part

es was disrupted and antigenic reacti

recovered from a single low molecular weight fraction after

elution through a coluim of Sephadex 0200. This material may

be s

lar to the small antigenic moieties isolated by Dreesman

et al., (1973) and Rao and Vyas (1973) after acid treatment or
sonication respectively. Intact tryptophanyl bonds appear to
be necessary for the preservation of HB#Ag reactivity (Table 8 ).
Rao and Vyas (1974) found 15 tryptophan residues in a total of

48 after analysis of a 6,000 molecular weight antigenical

active HB#Ag fragment. However, in the latter study there was

a drastic loss of antigenic titre during the preparation of
this component (Vyas, 1974). The nature of the determinants

of HB"Ag may resenble the haemoly

ic glycoproteins of measles

virus in requiring the presence of lipids in smintaining extracted



glycoproteins in s biologically active conformation (Hall and

Martin, 1975). In particular, the presence of the phospholipid

phosphatidyl ethanolanine was found to considerably enhance the

activity produced by reassesfcly of the glycoproteins. Phosphatidyl

ethanolamine, detected in the 1

d moiety of HBMg, and other
lipid species may s

larly play a passive role in mainta

group and subtype reactivity.
Cabral et al. (1975) have extended this approach by the
examination of cell-mediated iimune responses to certain

polypeptides obtained by SDS treatment of HBfAg particles.

A

smc rophage-inhi

ion assay demonstrated a pos

ve response to

intact HBaAg using peritoneal exudate cells obtained from guinea-
pigs immunized with a 40,000 molecular weight component. In
pre!

inary experiments, HB~Ag disrupted with lithium diiodo-

salicylate has been found to stimulate a call-mediated response
in guinaa-pigs as revealed by both lymphocyte transformation

and smerophage inhibition assays (Kresmstinou, 1975).

Several ultrastructural and insnunofluorescence studies of

human liver tissue have indicated that HBV and its related
products were derived from infected

1970).

ver (Nowoslawski et al.,

More recently, Huang and Croh (1973) have desenstrated
that homogenates of

er obtained at autopsy from chronic
active hepatitis cases contained a large number of 42 nm particles,

suuiy of which were isolated within microsomal ves;

es, together
with numerous long filamentous forms. Examination of thin sections

showed the filasmnts to be situated within the cistemae of the



=mooth endoplasmic reticulum, which themselves showed extensive

proliferation (Huang et al., 1974). The menfcranes of the

endoplasodc reticulum surrounding the filaments have been found
to bind labelled anti-HB#, suggesting that the antigenic material
in the filaments is manufactured or at least assenfcled at this
aite in the infected hepatocyte (Schaffner and Cerber, 1974).
Fluorescent-labelled anti-HB" has been shown to stain the liver
ce

cytoplasn in areas corresponding to the filament-conta

ng
foci observed with the electron microscope (Gerber et al., 1973).

However, the small particles found in high nunhers in the scrum

of the same patients have only infrequently been observed in

both liver homogenates and ti

sections of infected tissue

(Huang and Croh, 1973; Huang et al., 1974). On the basis of

these observations, it is possible that many of the circulating

small part

es may be derived from breakdown of filaments

occurring in the serum or in hepatocytes. There is evidence that

such breakdown can be induced to occur experimentally by treating
filaments with pronase (Huang and Groh, 1973), Tween 80 (Traavik
1973), ether (Barker et al., 1969),

or with low pH and

high salt (Hirschman et al., 1973). Both morphological forma

possess a s

lar amino acid composi

on (Table 6b) although the
proportions of their respective polypeptide components may differ
(Gerin, 1972). The comparatively high isoelectric point of
HBgAg

aments suggests that the generation of the small spheri

forms may be accon*>anied either by a reduction in amide content

or by a rearrangement of HB Ag structure to expose carboxyl groups.



A further possible relationship between these two morpho-
logical classes has been suggested by the studies of Hirschman
(1974); purified HBAg in phosphate-buffered saline, incubated
for 24 hours with wheat germ or yeast RNA, showed a statistically

significant increase in the nunfcer of

aments. The high
a-helix content (70 - 80Z) reported by Sukcno et el. (1972b)

suggests that HBAg may reac

y associate with nucleic acid in
as

lar fashion to the coat protein of phage fd which contains

as much as 95X of its protein in an a-helix (Marvin and Uachtel,

1975). The figure for HBAAg should be considered as an upper
N

it, however, as interactions other than a-helices could in
theory contribute in part to the observed asymmetry; it should
be noted that proline, which contributes approximately 10Z of the
total amlnn acids, does not take part in a-helix formation.
Proline has been reported to be totally absent from at least one
HBgAg determinant (Rao and Vyas, 1974). Preparations rich in
Filaments occasionally possess a spectroscopic profile rescnfcling
that of nucleoprotein (SkinhAj and Hansen, 1973). In this study.
HB~Ag

aments possessed a

lar local peak of absorption at
290 nm indicative of high tryptophan content as seen for the
small spheres but the relative absorbances at 260 nm and 280 nm
suggested the filaments additionally contained material which
absorbs light at the same wavelengths as nucleic acid. It is
therefore possible that the filamentous forms represent linear

BBtegates of material structurally si

ar to small particles,

h their

egrity ma

ned by a lipid matrix (Le Bouvier
and McCollum, 1970) or by the presence of nucleic acid. In

support of the contention that HB Ag bearing filaments and/or
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-mall particles contain low quantities of RNA, Jorviak et al .

(1975) have recently reported the incorporation of tri

ated
uridine into HL(AC circulating in a male chi«geanEee carrier.

Furthermore, the ra

abel was precipitated by anti-HB~ and
believed to be protected from external nuclease action by the

surrounding lipoprotein coat of the HBMAg part

e. In this
context, it was of considerabl

nterest to find certain
preparations of HB"Ag stisatiated the Incorporation of W

by the HB Ag-associated DNA polymerase act

ty (Table 12).
terns of HB#Ag parti

This effect is explicable

les contaj

ng
a polynucleotide molecule or RNA which stay function as a primer

for this reaction.

1 Hepatitis B core antigen

Since the desc

ion of the double-shelled 42 nm HBAg

particle (Dane et al., 1970) and the unique antigenic specificity

of its core component (Alemida et al., 1971), extensive studies

have been initiated to establish if this particle contains part

or all of this HBV genome. Speculation that the core may
represent the HBV nucleocapsid is strengthened by the finding of

ar particles in liver homogenates obtained from chronic

hepatitis rases at autopsy. However, it remains to be demonstrated

that particles obtained from liver homogenates, and the core of

circulating 42 nm HBAg particles, are indeed identical. Both

types of particles bear s

lar antigenic determinants, since
antisera to parti

les purified from liver have beer shown to



react with cores prepared from serum (Barker et al., 1974;

Moritsugu et al., 1975). Although s

ar diamters have been
reported for particles from both sources, (Table 1 ), cores
prepared from plasma were isolated at a higher density

(1.35 | cm-5:

figure 28) than has been reported for particles

extracted from infected liver (1.30 g cm”*: Hirschman et al.,

1974a). Moritsugu et al, (1975), also examining cores prepared

from plasma, found particles free of HBAAg and globulins at a

density of 1.36 g cm 3, whereas par

es associated with such

material were found at a density of 1.28 - 1.32 g cn”3. It is

probable that particles from either source may vary in their

nucleic acid or polymerase content (Cer

1974; Hirschman et al.,

1974a) and the presence of an internal matrix protein between

core and envelope has been suggested (Cer

. 1974).  Although

two peaks were observed for the recovery of enzyme act

ity fron
iaopycnic gradients (figure 28), repeti

ive precipitation

discontinuous sucrose gradients followed by an increase in the

concentration of Nonidet P40 resulted in a synsaetrical band of
*H-HBCcAg act|

ty on rebanding in CaCl gradients. Almost 100Z
of this prepsrstion was found to be reactive with anti-HBc and
there were no significant quantities of acid-precipitable

material found at lighte- densities. The density of *H-HBcAg is

indicative of a nucleoprotein structure. Electron microscopy of

parti

les purified from liver has suggested a subunit structure
for HBMAg resenfcling the capsomeres of small icosahedral viruses
(Barker et al., 1974).
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The finding of DNA within the core part

e fro* either

infected hepatocytea or circulating double-shelled part

les
strongly indicates any new DNA synthesis to be DNA-directed.

Direct confirmation of this, however, is difficult due to the

inapparent inaccessibility of the tesgilate to both DNase and

Wiese (Table 13). Although synthesis was depressed in the

presence of actinomycin D (figure *0), this is not conclusive

evidence that the enzyme requires a DNA template. Kaplan et al.

(1973) found that DNA synthesis was  insensitive to rifampin,

a potent inhibitor of RNA directed DNA polymerase. However, t

confound has been reported to be hardly active in mammalian
nucleic acid polymerase reactions (Curgo et al.t 1971;
., 1972).

Ting et

perhaps more conclusive is the finding that DNA

synthesis is substantially inhibited in the presence of eth

bromide (figure 39). Furthermore, the

intercalating mode of
inhibition for this compound suggests the tesg>late to be double
stranded.

Whether the enzyme is host or virus-coded may only be

readily determined after its extraction from HBcAg in an active
state.Clearly it should be differentiated from either the small,

nuclear or larger, mai

y cytoplasmic mammalian polymerases. It

is noteworthy that its requirements for 20 uM to 40 uM magnesium

ions is two to four times as great as the cation requirement of
either of the two mammalian polymerases. In this property,
together with its sensi

ty to eth

ium brosude, the HBcAg-

associated polymerase resembles mitochondrial DNA polymerases;

stimulation by high salt concentrations has also been reported



for phage T5 polymerase (Orr et al., 1965).

By analogy with known mechanisms of UNA replication, the

possible requirement for a hitherto unidentified primer for

iating DNA synthesis is likely. Ser

1 dilution of polymerase-

containing concentrates resulted in a decrease in DNA synthesis

greater than could be accounted for by d

ion alone. The
possibility, therefore, that a printer function may be associated

with a particle other than that cont:

ng the enzyme warranted
further investigation. Although spectrophotometric examination
of purified HB”Ag suggested the absence of significant levels of
nucleic acid greater than 1 or 2Z of the total antigens recovered,
a small but significant stimulation of polymerase activity was
noted which could not be due to the addition of further enzyme
molecules to the reaction. Occasional reports that at least a
proportion of the small spherical and/or filamentous forms

contain nuc

c acid should be reconsidered

this light,

bearing in mind the lack of enzyme activity in DNA-conta

core particles purified from infected liver.

A model of replication that does not require an exogenous

primer for

iating the synthesis of one DNA strand has been

suggested by Overby et al. (1975). The open double-stranded

circles visualized by electron microscopy may arise by a "nick*

in one of the two strands, thereby allowing strand elongation to

take place from the exposed 3*-hydroxyl terminal nucleotide.
However, it is difficult to see how this mechanism could operate

within the confines of the core. In addition, exogenous primers



would be required for the synthesis of cong>lementary linear

strands on the growing “tai

(Dressier, 1975). Civen that
a UNA base pair is 2 ns in diameter (Bradley, 1971), a 27 nm
core could only possess at any one time a maximum of 3 to 4
copies of the DS DNA teti

late. If the anlecule was

replicated in t

fashion, only a very restricted number of
copies could therefore be manufactured within the core. Since

the product remains firmly asso

ted witl

the core and the

sice of the product of the reaction equals the sice of the
template, the heterogeneous linear DNA free in some plasmas,
which contains significant homology with the DNA product of the

reaction, must be manufactured on intracel

lar teng>lates and not

on those in circulating double-shelled parti

les (Overby et al.,
1975). This free DNA could additionally be explained as the
product of a defective mode of virus replication.

(1974) have

Robinson et al.
indicated that the heterogeneity of observed lengths
for intraparticulate DNA is similar to that seen in SV40

infection at high multipl

ties when a large number of defective

ons are produced (Tai et al., 1972). However, the possi

that the free DNA in plasma and that contained within double-
shelled particles represent excised fragments of host material,

remains to be excluded.

Summers et al. (1975) have confirmed that the DNA template
was circular. However, fragmentation with the restriction

enzyme endonuclease R. Hae 111 both oefore and after in vitro

DNA rep

cation suggested the existence of single-stranded gaps

along 10 — 20Z of the total tcngelate length. These single-



stranded regions may have contributed to the wide range of
molecular lengths observed in the electron microscope by
Robinson et al. as the length of single-stranded UNA molecules
is strongly dependent on ionic conditions. In this study, the
endogeneous polymerase reaction appeared to repair the single-
atranded gap in the double-stranded circular DNA. Moreover,

the ability of a polymerase obtained from avian myeloblasto:

virus to synthesise a OKA product Indicates the specificity
observed in the endogeneous reaction appears to reside with

the template UNA and not in the HB*Ag-associated UNA polymerase.

After the addi

ion of ethylmaleimidc to the extraction

buffer to inh

t cell nucleases, Hirschman (1975) reported the
recovery of linear DNA of 2.3 x 106 m wt from intranuclear core
particles. This DNA is some 40X larger than the circular
molecules isolated by Robinson et al., from circulating 42 nm

particles. In addition, t

larger DNA molecule contained a
large tract rich in the bases guanosine and cytosine, the loss

of which would result in a s

ar siae and C-C content to that
reported in the studies by Robinson and colleagues. As intra-

nuclear part

es have been found to be lacking in DNA polymerase

act|

ty. Hirschman has suggested this act

ty may be acquired
upon passage of core particles through the hepatocyte cytoplasm,

together with the loss of part of its DNA content and the

acqui ion of an outer coat of HBsAg. However, this is

difficult to envisage, given the sequestered nature of the

enzyme act

ty and the apparent morphological

tegrity of the

particles prior to their entry into the cytoplasm. Circularizati«



of the template may be neceaaary for Ita packing into the
confines of the core particle, as well as providing a favourable

configuration for

tegration into the host genome as suggested

by Hirschman.

C The nature of hepatitis B virus

since the original observations of Almeida et al. (1971)
several laboratories have confirmed the existence of at least
two distinct antigen-antibody systems associated with type B
viral hepatitis. Whereas HB*g can be detected free in the
serum of patients acutely or chronically infected with the virus,
HBfAg is generally sequestered within a surrounding coat of

HBAg.  The resulting soub

shelied particle described by Dane
et al. (1970) contains HBcAg as an inner electron-dense component
that morphologically resembles the 27 nm diameter mucleocapsid-

like particle found in the nuclei of infected hepatocytes. This

smterial stains positively for HB Ag in

mmunofluorescent exam-

ination of liver biopsies and is distinct from the HB"Ag reacti

found in the cytoplasm (Brzosko et al., 1973).

Barker et al (1973b) successfully transmitted type B hepatitis

to chi - A human serum contai

ng anti-HBc
but not anti-HB~ specifically stained the nuclei of infected
hepatocytes whereas a hyperimmune anti-HB~ exclusively stained the

cytoplasn of these cel

. The isolation of HB Ag from the liver

of an infected, ismxinosuppressed chimpanzee (Markenson et al., 1975)



enabled Hoofnagle et «l. (1973) to character!Be the pattern of
antibody reactiona in 13 patienta during the course of type B

hepati

is. Anti-HB" reacti

ty was detected during HBgAg
antigenaemia by a co~lcment fixation procedure within 3 weeks

from the onset of jaundice: the presence of these antibodies

did not signal the beginning of recovery fro« clinical infection.

The response to HBAg appeared ouch later during convalescence
and it was apparently of a lasting nature. In the present

Study, a si

ilar rise in anti-HBc was detected by a radi oi mtnimo-
assay procedure during the period of HB Ag production, suggesting
that antibodies are produced in response to active virus replication.
Anti-HBc was detected in the presence of both HB~Ag/ad and HB"Ag/ay,
indicating at least one common HB Ag determinant in HBV infection

of both subtypes. The increase in anti-HB reactivity waa

generally accoag>anied by a reduction in the litre of circulating

HBMg. A brief anti-HBs response was occasionally detected by

rad

nmunoassay but the very low titre found precluded confirmation
of the specificity of this reaction. HBcAg production, as detected

by DNA polymerase aci

ty was highest during the first two weeks
of observation. A sample was considered to be DNA polymerase-

positive if the assay for enxyme acti

ity resulted in approxismtely

200 cpm of incorporated SH-TTP and represented a clear rise

above the series background. A negative correlation between

ty and HB Ag was apparent, confirming that there is

no corre

tion between HB™g titre and HBcAg-associated polymerase

y (Kaplan et al

1973; Krugman et al 1974). Ina

study of 3 cases of post-transfusion hepatitis, Kaplan et al.

(1974) similarly found maximum DNA polymerase activity 3 weeks



after the flrat appearance of HE~i, but the level rap

y
declined before the oneet of liver dysfunction. The use of the

DNA polys*-rase acti

ty as an indicator of HBEAg nay therefore
present a clearer indication of the presence of the virus than
the detection of HB~Ag alone. In thia context, Krugwin et al.

(1974b) found that UNA polymerase ac

ty was not present in two
persons who were protected against hepatitis by inmunication

with heat-inactivated MS-2 » « * and in one who was protected

by hepatitis B immune serum globu

Although the titre of anti-HB" eventually declines to a
low level during convalescence, the development of the HB*Ag
chronic carrier state is closely associated with the continuing
presence of anti-HBc at high titre. Hoofnagle et al. (1974)

found all of 100 chronic carrier sera to cont:

anti-HBc at
a titre of 1:64 or higher by complement fixation regardless of
the HB#Ag subtype present, whereas only IX of volunteer blood
donors had evidence of exposure to HBcAg. The incidence of
anti-HB was somewhat higher in the same group (42). Tsuda et

al

(1975) using an immune adherence method found a slightly
higher prevalence rate of anti-HBc reactivity than for anti-HB"

(17X and 14X respectively). These estimates will alsnst

certainly be revised as the use of radioianune techniques is

extended.

Purified ismune globulin conta

ing anti-HB~ has also been
tested for the presence of anti-HBc. In one study, all 5 prepai

tions examined were found to be negative by radi

immunoassay



(Purcell et al., 1974) whereas Crecnman et al. (1975) found

to be present in two batches examined. Clearly more preparations

have to be exanuned before this discrepancy is resolved.

The radi

imnunoassay described in the present study offers
a highly sensitive procedure for the detection of anti-Hi»c.

A chimpansee serum used at a dilution of 1:500,000 was found to

prec

ate VOX of added 3H-HB Ag in comparison to a tltre of

1:256 - 1:1024 by complement fixation in a previous study

(Barker et a ty is

1974). This degree of sensi

lar to
that obtained by Moritsugu et al. (1975) also using purified
HBcAg from human plasma. The use of Staphylococcal protein A

for the removal of insnne complexes (Figenschau and Ulstrup, 1974)
offers the added advantage that a second, precipitating antibody

is not required. A method invo

ng simultaneous activation of
polymerase activity and incubation with antibody has been described

by Creenman et al. (1975), but appears to be somewhat less

sensitive. Despite the need for human plasma containing a high

proportion of HBCAg, a substantial number of HB Ag chronic carriers

possessed significant levels of specific polymerase activity.
From an initial voluiw of 200 ml, it was possible to prepare

suffi

ient 3H-HBcAg for the assay of anti-HB in 300 - 350
samples. The use of the detergent Nonidet P40 at increased concen-

trations was adequate for the removal of HB Ag reac

ty: this
treatment has been found to be superior to Tween 80 for release
of the core component from the 42 nm particles (Purcell et al.,
1974).



Cell-mediated inmunity tl believed Co play a key role in

recovery from viral infections. The abi

ty of both HBMAg and
HBfAg to stinulate distinct ce

mediated responses

immunised

guinea-pigs was reported by Cerety et al. (1974). Delayed cutaneous

hypersensitivity appeared to provide a more sensitive indicator

of exposure to HBcAg. while anti-HB~ was apparently a more

sensitive mam of assessing exposure to HB*Ag. The authors

suggest that this reflects a difference In biochemical composition

between these antigens and/or their relative effectiveness in
inducing responses in T- and B-cell lymphocyte populations.

Although no conparable data are yet available for the nature of
s

lar responses to HB Ag in man, patients recovering from HBV

infection have been shown to possess ce

mediated iosnunity to
HBaAg (Yeung Laiwah et al., 1973; Reed et al., 1974; Ibrahim

at al., 1975). This response appears during the period HBMAg

antigenaemia and may persist for several months either in the

presence or absence of anti-HB#. However, in the development of

chronic liver disease, cell-nediated insnunity persists (Dudley

et al., 1972). In addition, anti-HBc has been detected regardless

of whether or not the infection was cl

cally evident (Purcell
et al., 1974). Although high titres of anti-HBc have been found
in the absence of snti-HB( during the development of the chronic

carrier state (Hoofnagle et al., 1975)

ttle is known about the

production of antibodies in the course of chronic aggressive

hepatitis. It has been proposed that the development of chronic

liver damage is associated with either a failure to produce

Suffi

ent anti-HB” or the production of low affinity antibody
(Eddieston and Wil

am, 1974). Cel

ar responses to a human.



ver-speci

poprotein present ss s normal constituent of

er cell membranes have also been identified in 927 of untreated

cases (Miller et al., 1972). Treatment with prednisone has been

shown to control the perpetuation of the autoiimnune reaction i

these cases (| ams, 1975). Long-term adm

stration of

specific itmunoglobulin contal

ng anti-HB® may offer an
alternative means of treating HB Ag-positive chronic aggressive
hepati

is although the

ial results were not encouraging
(Reed et al., 1973b).

The recent recognition of a third, apparently unrelated,

antigen-antibody system may prove to be of considerable value

the prognosis of progressive liver damage resulting from HBV

infection. HB Ag has been commonly found in haemodialysis

patients in whom liver cell damage is probably less severe than

in hepatitis patients (Magnius and Fspmark, 1972). Furthermore,

this antigen has been found to be closely associated with the

presence of HB Ag-associated DNA polymerase activity among

HBAg-positive

lysis patients who are recognised as a “high®

sk for transmitting type B hepatitis (Nordenfelt and Kjellen,

1975). In a separate study. Sheikh et al. (1975) found HB"Ag

th greater frequency in chronic aggressive hepatitis than

chronic persistent hepatitis, suggesting that the presence of this

antigen is linked with continuing liver damage. The demonstration

of a high concentration of 42 nm particles in sera positive for

HBeAg but not for anti-HB~ (Nielsen et al ., 1974; Nordenfelt and

Kjellen, 1975) indicates the antigen may additionally be contained

within this part

e (eg HBcAg, DNA polymerase, matrix protein)



*e well as being released in a soluble for* fro* damaged cells.

Indeed, Nourath et al. (1975c) have found a determinant closel

related to HB"Ag on the surface of both the 42 nm particle and
the filamentous for* of HB Ag present in the sera of patients
with chronic or acute hepatitis.

ar findings were not
obtained using sera fro* asymptomatic chronic carriers of HBAg.

In five patients infected with MS-2 serun in the W

Tovbrook study,
HBAAg appeared simultaneously with HBaAg and preceded detectable
liver damage (Magnius et al., 1975). Although HBMAg therefore
appears to be closely associated with infectivity, the appearance
of this antigen in soluble form suggests such an asso

n may
reflect a host response to HBV infection r:

her than be a specific
viral gene product.

As has already been stated, it is unlikely that the low
molecular weight of the DMA recovered by several workers from
HBcAg would contain sufficient information to code for a specific
DNA polymerase activity in add

ion to the antigenically complex

HBMAg. This raises the interesting possib

'ty of the HBcAg-
associated enzyme being acquired from the infected host cell.

The absence of activity in HB Ag isolated from the nuclei of

infected cells further indicates that the enzyme may be added

to the maturing HB Ag parti

in the host-cell cytoplasm:
a host enzyme possessing a DNA polymerase activity in addition

to a requirement for a circular DNA molecule is present

the mitochondr

Both the mitochondrial enzyme and that

associated with HB Ag are stimulated in the presence of salt, are

functional in the presence of sulphydryl reagents, and are thought



to have an endonuclease activity. A common senaitivity to the

mutagenic dye ethidium bromide atoms to distinguish both of

these act

ies from the larger cytoplasmic DNA polymerases.

The finding of single-strand gaps in the DNA of HBCAg (Sumners

. 1975) additionally suggests a s

ar template for both

ties as mitochondrial DNA also contains single-strand
gaps which arise as a result of asynchrony in the replication
of the two strands of the circular DNA molecule (Kasauatsu and

Vinograd, 1974). Summers et al . also found the speci

ity of

the HBcAg-associated polymerase reaction to reside enti

ely in
the DNA template, indicating that this enzyme need not necessarily

be virus-coded.

This hypothesis may be taken further and HB Ag postulated

as representing this host enzyme. D

ion experiments (figure 37)
revealed a pos:

e multicomponent effect to be operating, which
may be expl

ined by the presence of a bound polymerase within the

circulating DNA parti

e in close association with its tenplate,
and a similar act

ty free in the serum that has access to the
sare tenplate. HBpAg has been shown to exist both free in the
serum and bound to particulate hepatitis B antigens. The

proposed size of HBeAg is also consistent with this hypothes

The appearance of antibodies to this antigen may then be explained
as an autoinanune response to an antigen normally sequestered
within the liver-cell mitochondria but released in large quantities

during type B hepatitis as a result of extensive mitochond

degradation. Indeed, virus

ke particles have been detected

within the mitochondria of lymphoid cells exposed to serum



believed to contain the virus (Jenson at al., 1970). The apparent

lack of antibodies to this cel

ar organe in HB"Ag-positive
cases of acute (Farrow et al., 1970) and chronic hepatitis

(Dudley et al., 1973) is also consistent with this vi

The role of the small spheres and

amentous forms of
HBaAg remains unsolved. Although samll quantities of nucleic acid
have been detected In HbrAg preparations, it 1» unclear dittbtr

this represents viral or host material or indeed plays any part

iating HBV infection. If these particles contain excess

viral coat meterial

. the large amount usually synthesised in
infection may be due to overproduction of some viral gene

products and rate-

ng production of others, due to differing

rates of translation or transcription of different parts of the

genome, or selective availabi

ity of genetic suterial. However,

intracel

lar accumulation of 27 nm spheres resembling circulating

cores can often be seen in infected cell nuclei, while smsll

part

es are rarely seen. Accordingly, transport from nucleus

to cytoplasm, or saturation of core structures, may be ateps

t the production of double-shelled particles. Major
defects in genome expression at one of these levels may account
for the 1

ted success in atteag>ts to isolate HBV in tissue

culture.

Although there are many encouraging reports to indicate that
the 42 nm double-shelled HBAg particle may be closely related. If
not identical to the putative hepatitis B virus, this suggestion

must remain hypothetical until the infect

ty of these part;
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has been conclusively demonstrated. Should the viral nature of

the DNA be clearly shown, the fi

ing of complementary DNA of
heterogeneous lengths free in plasma, and of t<A molecules

larger than 1.6 a 106 in intranuclear core part

es, strongly
suggests that a complete genome larger than this sise may be

involved, and that the majority of double-shelled part

es may
contain only a proportion of the complete genome. Additiona

genetic mater

could be provided by non-identical nucleotide

sequences of sisdlar lengths, carried in different 42 nm particles
or by occasional particles as yet unrecognised with a significantly

larger content of nuc

alternatively, host DNA, or
genetic material from other viruses commonly infecting the host,

may play an essent

role in a manner perhaps similar to the

Fraenkel-Conrat ~covirus®™ model for some plant viruses which

require two or more part

es. This concept, which was extra-

polated by Zuckerman (1970) to human type B hepati

cannot

yet be ruled out. Finally, free viral DNA in plasna released

from infected cel

. may provide necessary information for

complete replication, thus helping to account for the preferred

parenteral route of transmission in this disease.
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FIGURE 2

Site distribution of spherical particles in HB,Ag-containin
plasma. A total of 305 particles were measured by micromct
from an electron micrograph at a final ication of 100







FIGURE 4

1soelectric focusing of HB Ag-containing plasma. One hundred
microlitrcs of HB,Ag/ad-positive plasma were focused in a
preformed O - ftZ w/v sucrose gradient containing carrier
ampholytes to establish a pH 3 - 10 gra nt. After 72 hours
of electrophoretic separation um power output of
3 watts, separated proteins were fractmnated by downward

only r results positive for
HBsAr are shown.




FICURE 5

Cel chromatography of HR,Ag-conta
dianeter ool

ing plasma.

80 x 2.5 cm
of Sephadex G200 previously equilibrated with
PBS was loaded with 25 ml of clarified HBsAg-positive plasma.
Antigenic activity was found to be eluted close to the void
volume (v.). 1gC and albumin were identified by electrophoresis

in peaks I11 and IV respectively. Fibrinogen was recovered from
peak 11.

o




Isoelectrlc focusing of HRsAg.

n profile obtained 48 hours after applying partially
pur ed HBgAg prepared by gel ation to a preformed 0 to
40X (w/v) sucrose gradient containing carrier ampholytes.

The shaded areas under peaks 1 and Il were found to conta
antigen.




Electron microscopy of HB Ag separated by isoelectric
(see figure 6).

Tops Antigen recovered from peak 1

Bottom: Antigen recovered from peak II.

focusing

Magnification: x 252,000



Ultracentrifugation of HBsAg-conta
Two successive bandings of HBSAg g
(a and b) resulted in the recovery of antigenic ac
density of 1.195 g cm“”. On reban HBSAg was
from the main peak of optical density (b). Subsequently,

sonal centrifugation in Urografin gradients showed HBsAg to
sediment as one broad peak (c). Centrifugation conditions were
as described in the text.

. x 10*® (a and b) or x 10** ()t closed circles.
Optical density, 280 ns, 1 cm: open circles

Density, g es"": dashed line.

a




FIGURE

Rste-zonal centrifugation of HB,Ag in aucroae gradients.

on of HBsAg on a 10 to 10Z (w/v) preformed sucrose
gra nt in 0.0IM tris buffer pH 7.4 containing O.IM NaCl and
0.00IM EDTA was for 16 hours at 80,000g. The pos ons of
i g antigenic activity > 1:64 by reverse
passive haeaugglutination arc shown by the horizontal bars (A)
for purified HBsAg and (B) for HB,Ag separated from plasma
proteins. The optical density values of the fractions after
‘the separation of HBsAg-containing plasma are additionally
shown. The peaks of antigenic activity corresponded to a

calculated sedimentation coefficient of 525 for HB,Ag in both
instances.







FIGURE

Affinity chronatography of HBsAg on concanavalin A-Sepharose.
one ml of recalcificd HB,Ag-positive plasma was app to
17 x 0.9 cm column of insnnbi lised concanavalin A an
tris buffer pH 7.5 containing Na*, Ca** and Hn"*. Adsorbed HB(Ag
was eluted by the addition of tris buffer containing Na4 and

a-me thy 1-D-mannos ide (arrow). Only those fractions positive by
reverse pass indicated (triangles).
Antigenic act ely eluted with the second
peak of optical density (closed circles).

washed W|(h
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FIGURE 12

Flat-bed isoelectric focusing of HB Ag-contal

a)

b)
©)

ng preparations

after banding of HB Ag-positive plasma in an isopycnic
gradient of CaCl

after rebanding in an isopycnic gradient

after isopycnic cent
through a preformed 1

ugation and rcte-conal sex
ear gradient of Urografin.

imentation



FIGURE 13

Cel chromatography of HB,Ag nated by the chloramine-T
procedure. After brief dialysis, the iodination reaction
mixture was chromatographed on a 22 x 1.3 cm colunsi of
oephadcx 0200 equilibrated in PBS. Fraction no. 11
constituted the void volume of the column and fractions
nos. 11 - 13 found to contain detectable antigenic act
by reverse passive hacmagglutination.
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FIGURE 1 3a

laopycnic centrifugation of HBsAg trace labelled by the chloramine-T
method. 11Z5-HB,Ag wan recovered at a denaity of 1.25 g cm*3 after
centrifugation at 150,000 g for 3 daya at 20°C. The ari

row
represents the poaition of unlabelled HBsAg centrifuged under the
same conditions.
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1/ANTISERUM DILUTION x lo"J

FIGURE 14

Titration of a rabbit hyperinsmine serum to HB Ag.

Approximately 10,000 cpn of 1251-HB,Ag eluted in the void volume
of a Scphadex C200 column was added to an equal volume of anti-
aarua diluted in PBS containing IX normal rabbit serum. After

16 hours of incubation at 4°C, 100 ul of donkey anti-rabbit serum
was added and the incubation continued for 2 hours at 45°C.
Imunr complexes were precipitated by centrifugation at 4,200 rpm
for 5 minutes and unbound 12*1-HB,Ag assayed by Raima spectroscopy
of the supernatant. Fifty percent of added radiolabel was
precipitated at a serun dilution of 1:1500 as compared to a titra
of 1:16 by counteriimaunoelectrophoresia.




e-T

Isoelectric focusing of HBMAr after i i»n by the chlorami
method (1). A clear heterogeneity of anti gen is demonstrated at
the isoelectric points of 4.7 and 4.9 in a pH 3 - 10 gradient.
Focusing was for 48 hours at a maximum power output of 3 watts in
a0 - 40z (w/v) preformed sucrose gradient.
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FIGURE 16

Isoelectric focusing of HB.Ag after i
method (2). Some preparations of radiolabelled antigen were
resolved into two peaks of activity, one of which was recovered
from the alkaline region of the pH gradient. This material posses
an isoelectric point (9.5 - 10.0) similar to an unlabelled prepara
consisting almost entirely of filaments. The first peak shown clo
to the anode represents free iodine.

nation by the chloramine-T




r1ICURE 17

Electron microscopy of HbsAg ponses*in* an alkaline isoelectric
point. mentous forms of the antigen were separated by rate
zonal centrifugation and subsequently found to possess an

isoelectric point of pH 9.

-

Magnification: x 126,000
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Isoelectric focusing of HBsAk conjugated to an_iodinated
_ AIl of the acid-
ingle symmetrical

peak wnth an isoelectric point of 3.65.
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FIGURE 19

Spectrophotometrie analysis of HB,Ar before and after titrati
with N-bromosuccinimide. The reduction in Measured optical
density at 280 na permitted estimation of total tryptophan
content. All measurements were made in 1 cm-path cuvettes
against a similarly-treated reference solution.




OPTICAL DENSITY

riCURE 20

Spectrophotomet analysis of HB,Ag. Preparation cont: g
either the saiall spherical (S) or filamento ) form of the
antigen were resuspended in PBS and the optical density measured
continuously from 250 nm to 300 ns in a dual-beam scanning
spectrophotometer with PBS in the reference beam. Both spectra
are consistent with the high content of the amino acid tryptophan
(Emax “ 290 n"l estimated by other means. The filament-rich
preparation contained a higher proportion of isaterial absorbing
at 260 nm (260:280 - 0.5) when compared to the small spherical
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RELATIVE MIGRATION

FIGURE 21

SpS-polyacrylamide gel electrophoresis of HBaAg.
was applied at the cathode in tris-phosphate pH
electrophoreaed
buffer prepared
components were
blue (a A B) or
applied to gels
and d si

Disrupted antigen

7 buffer and

101 acrylamide gels containing tria-HCI pH 8.9
ibed in Materials and Methods. Separated

ed either by staining with Cooiaassie Br
Schiff-periodate procedure (c A d
contained HBaAg/ad-disrupted materia

els b
larly treated HBaAg/af smteriaTT Coag>onents were identified

relative migrations with reference to a standard curve com-
posed of comparative estimates for proteins of known molecular weights.
The following were resolved: 1 - 90,000 s wt, 2 = 82,000 m wt,

78.000 m wt, A = 51,000 mwt, 5 “ 30,000 m wt, 6 ® phenol red. The
30.000 m wt polypeptide was resolved only with difficulty, although
this component was consistently isolated from tracelabe HBaAg of
either subtype (see figure 22).




() RELATIVE MIGRATION [0}

FIGURE 22

sbs-acrylanide gel electrophoreaia of HB Ag iodinated by the
chloraminc-T (——-—- ) or the lactoperoxidase (------) i
Poaks 1.3 and 3 correspond to 90,000, 82,000 and 30,000
molecular weight coMponents respectively.




Relative migration

FIGURE 23

sSDS-polyacrylanide gel electrophoresis of iodinated HBsAg
resolved by isoelectric focusing. Antigen of pi 4.7 contains

a polypeptide of molecular weight 90,000, whilst antigen of

pi 4.9 possesses the slightly smaller major polypeptide
com>onent of molecular weight 82,000. Both populations of
particles contain the smaller 30,000 molecular weight cooponent.
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FIGURE 2 4b

Rate-zonal centrifugation.
Centrifugation v: at 104,000 g for 5 hours at 4°C in a5 - 35X
v/v sucrose gradient. Direction of se Entatiun was from left
to right. The fraction containin evel of radio-
iodine was characterized as possesslng a sedlmL -ntat ion coeffi
of 11.8S. The material

ent
at the bottom of the tube is thought to
represent aggregated material .




FIGURE 25

Lithium d

dosalicylate.

Effect of lithiun diiodosalicylate on the elution of HBsAg from
Sephadex G200. Purified radioiodinated antigen was resuspended in
0.3M of the reagent for 1 hour at 37°C prior to chromatography on a
22 x 1.5 cm diameter column of Sephadcx C200 equilibrated in PBS.

Each fraction was assayed for total radioiodine content (open circles)
and incubated on a solid surface containing immobilized guinea-pig
anti-HBs for 48 hours. After thorough rinsing, the bound radioiodine
was measured (closed circles). Untreated1251-HBsAg was eluted in
fraction 11 and free, unbound in fraction 44 in a separate
experiment.
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ri .CURE J

Isopycnlc centrifugation of HBcAg-conta

on a preformed sucrose gradient,
5 ona coegeosite ficoll-sucrose-deuteriun oxide gradient.
In bot".i cases, DNA polymerase activity vas recovered in two
incompletely resolved peaks, of average density 1.28 g cm“*.

ing plasma
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FIGURE 30

Isopycnic centrifugation of 3H-HBcAg. One hundred microlitres of
I (2 ns particle-enriched HR,Ag preparation was incubated for 6
hours at 37°C in the presence of 3X Nonidet P40 together with the
DNA polymerase reactants as outlined in Materials and Methods.
The bulk of acid-precipitable material was recovered at an average
density of 1.35 g cm*3.




FRACTION
FIGURE 30

laopycnic centrifugation of one hundred arterolitres of
a 42 nm particle-enriched HB,Ag preparation was incubated for h
hours at 37°C in the presence of 3Z Nonidet PAO together with the
I3 polymerase reactants as outlined in Materials and Methods.
The bulk of acid-| preclpltable Material waa recovered at an average
density of 1.35 g ca




FIGURE 31

Titration of a chimpanzee hype serum to HBcAg
A pool of 3H-HBcAg prepared by isopycnic centrifugation in
CsCl (see figure X>) was used as a source of antigen
Approximately 1000 cpm of tl material was mixed with an equal
volume of antiserum diluted in 0.0IM tris pH 7.4 cont: ing
0.15M NaCl, 0.1* B-mercaptoethanol and 0.1* bovine serum album
Incubation was for 1 days at 4° prior to the addition of 10 ul
of human serum and 1 mg of Staphylococcal protein A. After
2 hours of further incubation at 37°C, conplexcs were precipi-
tated by centrifugation at 2,000 rpm for IS minutes and the
supernatant xed with 0.9 ml of Nuclear Chicago Solubilizer
ml of scintillation fluid. The percentage of }H-HBrAg

ng in the supernatant was estlmated by reference to the
negative control reactions.

label was precip ated at

signi ficant preclpltatlcn was obtained using either a normal
rum or a erum obtained from a
chimpanzee experimentally infected with type A hepatitis virus.







FIGURE 33

Isoelectric focusing of 3H-HBcAg. Radiolabel led antigen was
recovered at an isoelectric point of after removal of
the outer, HB,Ag envelope, surface ani being found at
pH 3.6 - 4.0 (bar). HBsAg was not detected by radioimnunoassay
in fractions containing 3H-HBCAg.

line.

g tical den open circles, so
OO HecAg:  closed circles, dashed

e.



ricuikE 34

DVA polymerase activity in concentrates of HBaAg-containing
plasma.  Aliquots of plasna concentrated 20-fold by centrifugation
were incubated for varying lengths of time at 37°C with (closed
circles) and without (open circles) the detergent Nonidet P4O.
Enzyme activity was measured by the extent of ~H-TTP incorporation
into an acid-insoluble product-




FIGURE 35

Effect of ribonucleotides on HBrAg-associated UNA polymerase
activity. Complete reaction mixtures were incubated with increasing
concentrations of ribonucleotides for 4 hours at 37°C. In_the
absence of added ribonucleotides, approximately 1600 cpm of
incorporated ~H-TTP was recorded.

Cytosine triphosphate )
Adenosine " ©
Guano: " @

Uridine " @



GURE 36

Influence of nignetiuB and manganese ions on UNA polymerase
activity. Aliquots of resuspended hepatitis B antigens were
incubated for 2 hours at 37°C in the presence of the polysvrase
substrates, Nonidet PAO and mercaptoethanol and increasing
concentrations of magnesium or manganese chloride.
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wrial dilution of HBcAK-associatcd DSA polymerase activity,
I concentrated preparation containing hcpatitia B antigenr. waa
wrially diluted in PBS and the level of HBCAg-associated DNA
lymerase activity estimated for each dilution. Each reaction
cubated for * hours at 37°C.

=xture was
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FIGURE 39

Effect of ethidium bromide on HB AR-aiiociitrd UNA polymerase

activity. Reaction mixtures were incubated for 2 hours at 37°C
the presence of increasing amounts of the dye. The extent of
ion was quantitated with respect to an untreated control
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FIGURE 40

Effect of actinonycin D on HB Ag-associated DKA polymerase

activity. Aliquots of concentrated HB Ag were incubated in
the presence of varying concentrations of the inhibitor for
4 hours at 37°C together with Nonidet P40, B-nereaptoethanol
and nucleotide precursors.
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. t,j VtTP Incorporation ri*foBatjoo
HBrAg-w#oc>at d = ua, concentrated 2° fol * {v_ plasma
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at 37°C.



Hepatitis B antigens and antibody responses in seven caaea of
acute type B Input itis.

The presence of HB,Ag and HBcAg-associated eneyme activity during
the course of sacuté ype B hepatitis is illustrated for g of i
16 cases examined. In addition, circulating antibody to both of
these antigens was looked for in 7 (lower diagrams).

HBaAg was detected by solid-phase radioisaaunoasaay and results
expressed as a ratio of bound antibody to that retained in a

group of similarly-treated negative controls (o-a). Antigen
was further characterised as either HBsAg/ad (patient no. 4) or
HBsAg/af (patients nos. | and 5) in some instances. HBCAg was
detected by assay of associated DNA polymerase activity after

26-fold concentration (= - =>.

At i-HBC was assayed by the radioissnune procedure outlined in

the legend to figure 31. Each serum was tested at dilutions of
135 (- a)and 1350 (3 - 2) and results expressed as the per-
centage of ~H-HBCAg recovered in the precipitate

Amti-HB, when revealed by rad
the lower diagrams.

nsnunoassay is indicated (6) in






b

5 6
KECKS

WEEKS



FIGURE 43

Relationship of HB Ag titre to HBcAg-associated DNA polymerase
A total of 51 aera obtained from 16 cases of type B

radioimnunoassay. The results are expressed as the ratio o

bound antibody to that bound in a group of similarly-treated
negative controls. The presence of HBcAg was detected by the
incorporation of ~H-TTP into an acid-insoluble product after
the activation of endogenous polymerase act .
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FIGURE 4 4

Titration of various antisera with H-HBcAg.
Approximately 1000 counts
for 3 days

of labelled antigen were incubated
ith an equal volume of each antiserum di

dilu The
resulting issnune complexes were separated as outlined in the
legend to figure 31. All three sera were of human ori and
routinely used as

laboratory reagents.

Anti-HB
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TABLE 3

Effect of various reagentsl on the immunoreactivity of hepatitis
B surface antigen (HB"Ag/ad) in plasma.

A Detergents (all used at 12) Effect2
Nonionic (Tween 80, Nonidet P40,
Triton X-100, Brij 35) 0
Anionic (sodiun dodecyl sulphate) 0

(sodium lauryl sarco:

inate)

Cationic (cetyltrime thylamsoni un bromide)
B Dissociating reagents

Formamide o.M 3
1.0f

o
=
oo oo

C  Reducing agents
6-mercaptoethanol 0. IM
1.0

dith

hreitol o.M
1.0M

Notes:

1 one ml volumes of plasma were incubated for 1 hour at 37°C
with an equal volume of the reagent dissolved in water to give
the final concentrations shown. After incubation, samples were
exhaustively dialysed against PBS prior to the determination of
HBSAg titre by reverse passive hacmagglutination.

2 0 - titre unchanged from control: (-) - titre reduced but
not by more than 50Z; (- ) - titre reduced by 50 - 75Z; (
titre reduced by more than 752; (#) - titre increased twofold;
(#¢) ® titre increased more than twofold.

No eff< @g/ay react




Precipitation of HBBAg/af from plasma by the addition of
polyethylene glycol 6000 (Koch-Light Ltd).

Percentage recovered from the precipitate after
incubation at 4°C.




purification of Ha Ag(D

Amount of
X HBsAg
Vol 1 rerlvireH activity Puri ficat ion
(ml) HA titre (mg/ml)  recovered factor
A BY ULTAACENTRIFUCATI0H
Plasma 3.73 2048 38.3 (100) <1>
laopycnic
centrifug.
ast) 5.00 2048 11.4 87 4
laopycnic
centrifug.
@.n 2.10 4096 2.23 73 94
Rate-zonal Centrifugation
i Urografin 4.3 1024 0.0.(1> 33 220
4.3 128 0.1 16
B BY ATPINITY CHROMATOGRAPHY
i sed 1gC
Plasma s.0 312 44.0 (100) @
Kluate 14.0 32 0.04 18 72
i sed concanavalin A
44.0 (100) @
Eluate a.b 233 1.12 91 3
@ Si

lar result« were obtained for HBaAg/ad and HB.Ag/a".
@ Estimated following precipitation from Urografin solution.

(€] Recovery was 31Z in gradlents containing HBsAg-positive
plasma as the sang>le.
@ Recalc

ed with CaClj prior to chrosmtography.






TABLE 6 (continued)

Recovery of amino- ac.d«(l* from the acid hydrolysates of HB.Ag
amall” spherical particles and filaas>ntous forma separated by
rate-sonal centrifugation.

TILAMEHTS SMALL
2,18 72
0.» 123«
2.0) 84

Aspartic acid
Clutanic acid

o
o=
=

@

@

I¥]

Iltreonine

i.n 12.60

10.79 12.63

11.2s8 15.61

5.2) 9.66

3.8 3.90

Valine 3.60 5.62
Methionine 5.22 6.89
6.85 .62

Leucine 16.92 16.30
e 3.0) 1.95

6.33 6.89

Total charged 18.63 17.63
Acidic:Basic 2.06:1 2.53:1
Total hydrophol 32.97 63.27
Total apolar 36.96 61.32

(1) Expressed as X  ilea recovered.



TABLE 7

Determination of the extinction coeffi

®,Ag/ad

HBsAg/aE @)
b)
)

00280 i
1.995

1.225

0.695

2.025
1.350

0.725

rrotein
concentration
us/1

563

325

208

ient (e]J°) of HBMg.

Extinction

coefficient
35.4*
37.69
33.41

35.51

35.22
37.19
33.26

35.22

() Determined calorimetrically by the method of Lowry et al.,
(1951).



TABLE 8 a

Reduction of HBMg activity in the presence of N-broansuccin
in cps( "

X reduction
b) with anti-d

a) with anti-ad/sy

0.1
1.0

TABLE 8b
Reduction of HRBAg activity in the presence of
cetyl triawthylaosnoniun bromide.

in cpn(l>

X reduction
b) with anti-d

X concentration
a) with anti-ad/ay
0.1 1A 56
1.0 61 62

() Control assays produced results of 6588 and 855 cpn for
(@ and (b) respectively.




TABLE 9

Becowry of H*iAg acti
dissociating reagents.

Treatment*
1X sodium dodecyl sulphate,
I1X B-amrcaptoethanol, 4M urea

IX B-mrrcaptoethanol, 5H
guanidine hydrochloride

0.3M lithium diiodosalicylate

Untreated control

owing exposure to

Upro ti,r

2048

- Purified RBsAg was treated for 1 hour at 37°C.
Excess reagents were reauved by dialysis prior to

the assay of HBSAG.



ation of HBcAg-associated DNA polymerase with anti-Hg,

V w in supernatant*
1

counts win-:
In plasms

75 Ml #25 M1 rabbitanti-HB, 61

75 vI +25 M1 normal rabbit scrua 11*

In HBAg concentrate2
75 Ml 425 M1 rabbit anti-HB, 2511

75 M1 #25MI normal rabbit serum 4588

After incubation for 16 hours at 4°C, 100 wl of donkey anti-
rabbit serum was added and incubation continued for a further
2 hours at 45°C. Insnne complexes were precipitated by centi
fugation and the supernatant examined for *H-TMP activity.
later experiments, the second (precipitating) antibody was
replaced with 1 mg of Staphylococcal protein A.

* Concentrated 20~
000

d by centrifugation for * hours at
»0.



TABLE [R3

Reaction requirements of th« HB Ag-asaociated polyarrair ac

*M-TMP cpm X reduction
Complete 1)33 -
73 *3
- KH* 1124 1«
- dATP 1*4 85
- dcTF 204 78
- dcte 221

s3



TABLE 12

The effect of adding purified HBsAg to a reaction
containing HB Ag-ashociated TINA polymerase ac:

SH-TMP cpm
Experiment HB Ag-containing concentrate 109«
HBeAg ¢ 1:5 HB Ag small spheres 154
1:50 _ 1524
+ 1:5 HB Ag filaments 1126
_ 4150 * _ 1281
104
et Lrol
1:5 HB Ag  smallsphere« 108
1:50 R 7
1:5 HB Agfilaments 89
30 - " us

Negative control 109






TABLE 14

The nature of the HBcAg-associated DNA polymerase
act t

No. of counts min * precip
by SI trichloroacetic acid

Control M4
«DNase 41
RNase »5

- Nuclelc acid was extracted from HB Ag by incuba
at 37°r h 0.« SDS and 0.052 pronase in 0.0IM t
conta ng 0.1M NaCl and lIOraM EDTA.
precipitated with ethanol. Suscepi
was carried out for 1 hour at 37°C
2V0 ug si** of DNase or RNase.







In “Isoelectric Focus

Ki*viry, J.A. Buttcrvorths,
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23. HETEROGENEITY OF HEPATITIS B ANTIGEN

C.R. Howard and A.J. Zuckercan

The close association between hepatitis B antigen
and huttn hepat B virus (serum hepatitis virus)
has now been firmly establishedl. Early ttudles
ing and flotation experiments
showed hepatitis P antigen to be lipoprotein which
was immunological ly distinct from normal low density
eerum Examination of serum
conta en In the electron microscope
by the negative staining technique revealed a
remarkably heterogeneous population of virus-like
particles. The cipal antigenic constituent was
a small pleomorph spherical particle, measuring
approx. 20 nm in diameter but with a range of
between 16 and 25 nm. The presence of tubular
forms, with a constant diameter of 20 nm and often
a length of several hundred nanometers, was
characteristic feature3. The third type of particle
was also spheroidal, measuring approx. 42 nr. in
diameter, with an nner core of 28 nm in diameter,
surrounded by a 2 nm shell and an outer coat about
7 nm in thickness4. AlIl three types of particles
ere aggregated by specific hepatitis B antibody,
suggesting that there at least one eoccon
antigenic determinant on the surface of each
morphological entity. The mobility of hepatitis B
antigen by Immunoelectrophoresis In agar gel was
found to follow closely that of aj-globulin5. Kim
and Tilles” reported that purified antigen, derived
from the serum of ind dual patients th acute
hepatitis B infection, migrated in an
electrophoretic field either in the aj-8-globulin
region or in the 8-globulin region with seme
trailing* this confirmed their earlier findings of

281
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-Uctroj ! .«tic heterogeneity of miub itoplci
obtained freu cuch pitlrnuJ. An antigen-; otitive
-erun from a patient Buffering from post-trail«fusion
hepatitis was exai .ned by isoelectric focusing in
large-pore polyacrylamide gel slabsO. The antigen
in the pH range 4.P to S.0, was detected by
subjecting slices of gel, after isoelectric focusing

to Immunoelectrophoresis. By contrast, the pattern
of band:, found ? - stained gels suggested focusing of
the antigen over a ouch wider pH range. Also

c activity was not correlated with the
th a particular

subtype spaclficity.
The close association of hapatitls B antigen
th normal serum components, confirmed in our
laboratory by rad loitrunooscay of fractionated
terial, has been an acknowledged difficulty in the
development of c«ntrllugation techniques for
separation of the antigen pur» forn iron serum.
Since, unlike other separation techniques, there is
almost complete recovery of total protein
separation by ¢ focusing, we app
i ation of hepatitis B

antigen. Serum conta
subdeterminants ad*y- and which was sorphologl -sally
constituted almost entirely of small spherical
particles, was subjected to isoelectric focusing
a sucrose density gradient in the apparatus
described by Vesterberg and Sver.sson® conta
carrier ampholytes (Arpholine) at a final
concentration of 1% (w/v). The cathode was protec-
ted by a 2i ethanol amine solution in water and the
anode by 1.4« (w/v? ortho-phosphoric acid in €0«
(w/v) sucrose. Antigenic activity was found in
those peaks of serum proteins which possessed
Isoelectric points In the pH range 4.0 to 7.0.
Antigenic activity was not detected in ssaocistlcn
with separated gamma-globulins. This
accordance with the well known epidemiological and
i experience that the use of gamma-globulin
y is free from the risk of transmitting
hepatitis and with the failure to detect hepatitis
antigen (a marker associated with infectlvity) by
electron microscopy after Cohn frectlonation of
human plasms known to contain the antigenl0. The
low molecular weight serum proteins were removed by
gel filtration on Sephadex C200 and were
concentrated by ultraflltration. Hepati
antigen was then separated from the rem ng
unwanted serum protein by isoelectric focusing in a
sucrose gradient as already described. Two discrete
bands of hepatitis B antigen were foundll with

@
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isoelectric points of 3.€5 and 4.33. Nort scrum
Irotelm, were not detected in the two bands by the
double radial clcro-Ouchter lony le.Kunedl ffusion
techniques using hyper iirru.c horse antiserum

against whole human serum. In addition, the protein
in both bands was aggregated by the addition of
concanavulln A aft«r exhaustive dialysis «gainst
phosphate- buffercd saline. The effect was reversed
by the addition of a-methyl-t>-.anr.os: . Each hard
of separated hepatitis B antigen wss found by Immune
(using convalescent serun) electron microscopy”2

to contain the intact small spherical particles,

20 ns in diameter. This mplies that there is at
least one antigenic determinant common to both lands
of separated antigen. It has slso been noted that
the sna antigen {art into two groupsil®,
=assuring 19 nn and 1% rr. asttr« with a
correspond!:.; difference in average molecular
weights (3. 56 and 4.47 x 106, respectively). Two
Isoelectric pH values were observed with lodlnatcd,
purified hepatitir B antigen; one component had a pi
value of 4.0 and the other a pi value of 4.4. The
relative proportions of the two particle types were
dependent on the Individual plasma fren wl the
gen was purified, certain plasma cont
fly one or other of the particle types.
Oone sample of serum with antigenic
subdeternlnar.ts ay«d- was fractionated by
isoelectric focusing. The sample separated into two
bands of antigen activity with pi values of 3.95
and 4.90, thus differing from those ootained
previously with the adey- subtypell. Considerable
fficulty arose a number of experiments due to
isoelectric precipitation. wss overcome by
employing narrow-range pH gradients and by
increasing the applied voltage in small amounts at
regular terval

ro-. iSoeIectr

focusing of material labelled with
| N Ry ication of the chloramine
method14, revealed trace amounts of hepatitis B
antigen. Radi labelling does not alter
appreciably the
and there is no significant alteration in buoyant
density (Howard and Zuckernan, unpublished
observations) . However, the pi values of the peaks
of separated antigen were raised to 4.5 and
rcspsctively.  The relatively high phospholipid
content of the antigen suggested that its acidic
nature, as reflected in the low pi values so far
determined, might be due in part to the carboxyl
group in phosphatidyl serine. Analysis of
extracted lipid failed, however, to detect this
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Alternatively, the presence of
carbohydrate say Influence the surface charge of
the oprotein moiety of the antigen, thereby
Inpertina « hydrophilic surface when In aqueous
solution*7. it Is also interesting to note that
-one plant viruses behave similarly when focused in
polyacrylamide gelsl@.
The apoprotein constituent of hepatitis B
en war. found to be organised into a number of
definable polypeptides. Aliquots fron peaks I and
rr of separated antigen activity were
solubilised ty heating for 10 ciin at €0°C Ir. the
presence of It (w/v) sodium dodecyl sulphate, 0.5 M
urea and 0.1t (w/v) dithlothreitol. The resulting
solution of denatured protein was then subjected to
_disc electrophoresis Ir. lot SDS polyacrylamide gels
using 0.005 M Tris-glycine buffer, ph 8.0. After
g with Coc:.<si.ie Brilliant Blue, eight
identical polypeptides were dlscernable in samples
of siaterial from both peaks 1 end XX. The range of
siolecular weights was approximately 2 000 to
200 000. Dens 1loretry of the st ed gels revealed
that at least one polypeptide (mol. wt. loo 000) was
a major component of the first peak, but it was
present only as a minor component the second,
peak. Conversely, the lowest molecular weight*
polypeptide component of peak XX was not present in
peak 1. A similar analysis of the polypeptide
components of antigen bearing the ay*d-
subdcternlnants has not yet been conpletsd. 4
Further attempts have been made to
characterise the polypeptide composition of the
ad*y- subtype by procedures similar to these used
for the isolation of adenovirus subunits” and the
separation of tha group-speclflc antigen of Rous
virus70. Hepatitis B antigen labelled with
was heated for 2 h at 27°C in the presence cf
4 N urea, 1% (w/v) 2-nercaptoethanol and 1% (w/v) of
= nonionic detergent Nonldet-P40 (B.D.K. Ltd., Poole,
England). The dissociated antigen was then
subjected to preparative isoelectric focusing in a
urea gradient of 4 to 6 K in the absence of sucrose
and containing carrier ampholytes (Amphollne) and
Nonidet-P40 at a final concentration of 1% (w/v) or
0.1« (w/v) respectively. The anode was protected by
2« (w/v) ortho-phosphoric acid solution M urea
and the cathode with 1.4« (w/v) athanola;
water. A large peak of radioactiva mate
pi value of S.9 was formed. s peak was
characterised further by SDS disc gel
=lectrophoresis as dascribed above and tha molecular
weight was sstinsted to ba 100 000 and therefore
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Figure 23.1 The system had a volume of Ho ml and
contained It (w/v) Anphollnc, pH range 3 to 10.

The duration of the experiment was 43 h and the
final potential war COO0 V. pH neasurercnts were
made at 20°C. Hepatitis B antigen activity was
detected by complement fixation,
Immunoelectrophoresis and lImmune electron microscopy

and Indicated by the cross-hatched areas. These
fractions were pooled for analysis of constituent
peptides. (From Howard and Zuckermanll)

identified as the major polypeptide component of
peak X described above. This may be responsible
part for the heterogeneity of the small 20 nm
antigen particles described earlier.

The heterogeneity of hepatitis B antigen has
thus been confirmed by isoelectric focusing. This
technique offers a convenient method for further
analysis of the structure of antigens associated
with viral hepatitis.
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Chapter 8

Biophysical and biochemical properties of
hepatitis 1l surface antigen and the core

byColin R. Howard

Parly evperunenty by flotation centrifugation and the staining of precipitin

location of antigenic determinants on particles of carious morphological
foims has fecilitated the isolation of this antigen from itomal scrum
proteins 1o a standard of purity necessary for it” u-e as an immunogen in
the laboratory The degree of success achieved by isolation i dependent
on knowledge of both the physical and chenical properties of the antigen.

In addition, tire results of biic studieson the isolated

making a significant contribution to our understanding of Us relaticnehip
o hepatitis B vins.

Physical properties and isolation

Hepatitis B antigen i* readilly separated From other scrum proteins by sirluc
of its unique buoyant darsity. Antigenic activity is found at a cersity
intermediate between that of the low and high density serum lipoproteins,
although thie ecct vale may vary between sera and also ng to the
chemical employed informing the density gradient. Tremorphulugyoflte
perticles remains intect after exposure to high salt concentrations and there
5o significnt lass of litreafter un omtnfugmcn Centrifugation
of scrum in buffered caesium chloride results in the isolation of antigen at
adesity of 120 gcn”, although the presence of imnune camplexes nay

indicated by a second band of antigenic activity at 125 gem” (Germ
etal 1909) The useofsucrose (Kim and 1 ilks. 1975) and pot i- iun artrate
(Gerind al 1909) gises a sligtly lover valte for the main band of antigen
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w1 a denit) of approxirately | If'gcm Al three morph<*logical forim
p.rn(xka buoyant darsity, but they are rexdily separated by rate
ificption (1ip H I » it. eitter in caesiun chloride thlord and
Nall 1*72» or in sucrose tWas et al 1972 tarty estinates place the sedi-
mentation coefficient of the JO nm particle as hich as 110 S (Germ et al.
1989). although a conputer analysis of the separation obtained in a zonal
rotor produced a loser estimate 4f34 S (Germ et al 1971) Me<re recent
anallyses vith the model € ultrucontrifuge suggest the salte to be in lise
range of % 40 thtolme etal 197J. Kim and 197 Artificially high
saltes may hase resulted fron particle aggregainm conconitant s»nh a
reduction in antigenic titre The diffusion ccefficient has been estinated
sinilar tecniques to be in the range 227H =10 “cm* s*1tKimand Ti
Jgn»mea 10 *cm® s " Assunming a partial secific solume @f0
cm* g** this giscs a molecular of approximately 2.5 » 10°
e 20 sprerical particle Sirilar estirates for homogeneous preparations
of the tubular forms or the 42 nm particles are yet 1o be cbtaired.
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TRANSMISSION Ol 111 TAIIIIS 1110 Till RILSIS MONKLV

A J Juckrrmnn. G Scalar, M It Mu ahm. Janmy k “intattmou.
CM. //«ordand k Sorenten

There hate been many attarptc to trawnit heatitic R uru:lnnon—human
these r reative

that these primates might seneas asmzbleauarlnmtal model

Fﬂ:ﬂtlﬂsBlefa:eantlwandsrfa:eentlbodyfascbeencb(BdBdn
6-12%. chinpanzees when tested by refalisely irsrsitive tedmi

Most oftheammlsappeerm Ifymsufﬁemuw\lﬁﬂnus
surfoce antibaty s found in a slgwlﬁc-rt nunber of captive non-human pri-
mates when nand radioimmu-

noassay had been used Armbodymsdeua:m in the chinpanzee,
gibbon, baboon. Celebes monkey, \ervet. several Species of
-abey and langur and lnanumberofsm of New W orldmonkey Antil
was found inabout 50", of chinpanzees exanined hut in less then 10°00f most
O ok e vew 1 crtd monkeys (5. 7. Itappears that much of the diffiaty
which had been experienced in the fest s due to the unknown SEceptibility
of these aninals before experinentation and the relatively nild rature of the

Recent: viulies have shown that allfunj'\ hepetitis H in chinpanzees B
corsistently . &S shay shown by modest serun transainase enzyme eleations

owert sigs of |It$. the serological responses are idntical
S i nan and frther that susoeptible ohlrvpanzem o alnet &
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Hepatitis B antigen separated as described above and trace-latelled by
the chloramine-T method resolves the two peaks over a higher pH range
(ig.6) SDS acrylamide is of these two peaks (g 7)
‘two major polypeptides
igelectric foosi

. the more ecidic cotponent. (i

i 4.9) containing the lover 82. unmlemlarweugm
. Both containa 30,000-irolaaular-vcight conponent, as i

i
Partial dlsrumion of hepatitis B antigen. Separation of the protein moiety
of the antigen was atterpted by treatment with the nonionic detergent









Ireir erfier firdings of electroptoretic reterogereity of serun sanples
cbtained from such patients Jianswin el al (Z7jexaninedan antigaHositie
serun from a patient suffering o post-trarsfusion hyetitis by iselectric
foasing in large pore polyacrylaide cel Skets. The antigenvias dellectad by
Immunoelectrophoresis inslicsof el inthe pH range 4K 50. althaugh the
Stair fousingof -abroader
PH range Antigenic activity was not correlated with the morphology of the
perticles, with a partialar antigenic Subtype Secificity, or with cheical

The close association of hepatitis B antigen with normal serum compo-
rents. omflmed in our laboratory of fractionated
eterial, hes been an

by radioimunoassay
an acknowledged diffialty in developing prification
and

techniques for firom scrum prior

serological characterization. This association with otfer proteins in un-
i i Telectri ingi ient:

The antigen canrying the ad -

and
creiatingalrost enrehyof o el - 1 52- 1 FErtckEni found b
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Thi

in Nonidct IMOand before isoekectric
foausing i relesseriat leest two components fr i

Each component possesses a higher unique

Itel. presunebly asa realt ofa kssof the lipk
the secondary structure of the separated protein.

There isatpresent some disagreenent on the estimated number and con—
conitant mollecular veights of isolater polypeptices reported by varias
workers (tzble I). The coditi restts
only when the separating gels were edaustively soaked in dithiothreitol.
Couplled wiith prior separation by the iselectric foasing, the procedure out-
Tined alloss tire resolt of corstitunt: polypeptides Several estinates
contain at leest one polypeptide in the molecular weight: range of 80. @10
10.0@). A slower migrating component may be resolved into at leest two
polypeptides after tra-kebellirg, each being partly resporsible for an
apparent surface heterogereity of the srall 20-nm particles lodinationofthe
antigen inour experiments follosed closely the anallysis dbtained by staining
separated polypeptices The results obtained with lodinated antigen are
aplicable to the treatrent of tnlsbellad aterial used for preparative work .

Although we consider et the proteins aonstituting a large part of the
outer aoat antigen are vins-axkd, it s likely trat some host lipproteirs,
including variaus pre-existing stictures of the liver cells, are incorporated
into the protein coat: of heetitis B vins. Altematively, surface antigenic










fjlltiia












wet i™* * it m

P> <n e v
o LUl . «M) 2"l iR
LR i EIRE T R VA o [ AR S I

I “

*J" rpm u A y"-if M1 par Mol «Oi&utl il
Lo minni ui \[JQU> WL} simrilH]

X" inmia « pxuvx| m] llic |<ijonu ifms in]i j<fr<fisadm

M il pur tiiumiiiii iiii.Mipm p> irc Sptixs r« n ini| .WuMr.i, puri

ee* ursrpqurllu mj Arm urna» pamn-irjq pur pauili<|

susdii

*um *rSU. HIL inmumi ni « hiiuss pur fun

JADrU<|LIW h i fI3UNY m
xui.w  i[He tibap|Ul> sifi pi su» -|»||Jn| *pu

PSSHVMIHUWAI i pi
auaar i mmaip rAui

4Epd - HI 1
m |i pi sraip ui pisisisF m

muranfi uitas*
ny t mu.ui puainm VWpuurl ppui \||rasisj
nlna» l si\ »uiasj

jaui

a0 psws.aid \[rs:
pi i psirui imass st | »inumi
psiitpp srApur mui iy uinistp
mais ; S|\ ) uman, uritntp »ui. M u«ny U ....ultinil

- N/
b v

nui Mf > <A M pjri] pur

Suir i irH

M\ w5 []] M >pur M T <N SAIST.c/ f Y

SIST»»\ N\ J sI 111 N111l Cl« VMOX






4« »

Towed In 1>V \ JUNiinen-

I.UK unitrull. k lore or ifshi
- DV \ oivmorase activiv per

heat Irectvated MVt serum It was concluded thet
DMA pnh'mbrui L 1.M. idn prhid a4 pnk repbi M 3i
reflects recent or . Srtutuing

that litres of core antilNidv in Ihree patkitts

raised by re-e\posun to serum containing hepatitis It-ai.ngen and, un-
like antilicdv o the surfece antigen core, antilicdies did not correlate
with resistarce to reinfection nor did they signal recovery from mfec-

Scm s

n H X"Mimt

Isolated viral coat protein challenges the ik b s immune mee"henisni
the same way as the whofe infectioss agnu aod the  ='==hyv of Usi
purified hepatitis It surface antigen particles, winch are free of rorrie-
aiiid and therefore of infoctivity, ap|»ars attractive. However, such an
approach may k precluded by the amounts of host protein that may
form Complexes w ith the viral protein in vijuentities w hu It appear t he
far in excess of the protein coat of most ree-ogi/ed vinses. These host
proteins may include \anous pre-existing strektures of the liver cell and
may thus inde-c undesirable immunollogical reactions.™ Subunits of the
amigen. in the form nf small poly (Kpiiidcs. on the other hand. <ffer a
meich greater promise as pssible immunogens .

Ibc close ass<Ciaticn of hepatitis H surface antigen with normal
ac*um components, confirmed inour bbuntury bv radioimmunoassay of
fractionated material, has lion an acknowledged difficulty in the devel-
olirtent: of purification technspHs for separation of the antigen from
o h<c k+iind and se-rologhal characteri/atm.  Ihts asso-
other proteins in unfactionated scrum was confirmed by
tsK-leetiK focusing in a sucrose gradient  The antigen carry ing the stb-
detormin. ints »/ =y~ and morphologically consisting almost entirely of

i, a4
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the srall a0 mu. panicle* was found in Ik; associated «nh strum pro-
s _vor Sl rU R 1 4-0to  «future 1i llouard ami Stacker-
man®  lust pntinud) shown thet ifik majoi portion of strum pro-
reirs «as removed hy gel filtrati. the techniepu of electrofocusing
separates «he antipen from the remaining unwonted serun protein and
reveals a heterogeneity in the surface propeme* of the snall antigen
particles. 1 he woekctnc jants of the te.. Edated hands Were found
1o jiffor according to the nature of the aultdctcrunants and o share
at keest <re common antigenic determinant & ticiiHIs. rated hy immune
electron microscopy. ™

In a further aeries of experinents, puriticd hepatitis It antigen was
iodinated with the redi ifitope iadine”  after separation from semni
p-oieins by polyethylene glycol precipitation and cep
gation in caesium chloride. |1k- todnated antigen «as found to focus
at slightly higher isoelectric points ITe I«o heterogeneous tiands «ere
anallyzed for their constituent. polypeptide* by poly acrylanide gel elec-
trophoresis (Figure >, profile” obtained <ere- found t© hear
adose resenblance to gels stained for protein «ith Coonassie

I_IINVLn
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Bine.. The adcrape nioleinlar we <ghl of the isolated polspeptides was
amtks id expcmieilis according to the method of

/61" atid shows M 1igurc 1 ach hand was found to

contain are* lifthe major ladinated pol \|Hptides. together with 1 smaller
polypeptide » Inch had a mokeular vweight of jo.oco. Both of these
major peaks of activity are integral coirpoiients f the antigen as shown
by «inparts < Wi igen mdinat.d In e lacto-
peroxidase method (figure 4» W ith 1 molecular weight of 000
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r.ulioi.| |le.pwsmat asln-wiitof |u§vf«h Iuvtmontl and the aiter-

itilicibhr diti lrn:mlnaltt
poli Hitnlis u-furted by <arions «nrk-
lcctric findisiy and «h- [imvdiint for

KN JuGtulis of M pitits
«lin J( liest otte piN\pipndi
« 100/0.1 \ slowtr migraimg cninponcnt mas h
tuo i Hpdilis after trace Lilnlg. cach In-ng pertii resjttsilce for
io itili particlis of the
s follo>ni dosi
1l risiit

an ayersiti surfaci Itin «giunti of e sTal

of puriticd hepatirs 1t

Lintigni & issn

TMVP decapepndi. the primari supunci of thu- heptinic_[H-ptice sf
Hepetitis 11 antigin may provide another approaeh for a

There are riporti m the literanire to support the fiasihiliiv of such
an approaeh. I'or exatnplc. in 1966 Sticart)' ilefinnl thé antigenic
moiety of T\1V proti-in tkcalH-Jtce. Vriuni 1slumni titai it sias pos-
sitile to use a ssnthctie niacroniolceule for timimg anllluHllis reactiug
esclusiteli- «uh a specilli- ri-ginn of a native egg «lute Ivsn/ymc.
«as achievi-d In synthcM/ing a partieular scgnunt of thé cn/yntc frinii
its amno-aeiil componenti, attachmg tlu- pcpndc to a synthitic -
pepillli carrier, ami usmg thé coniugati- for inmun/.atmn. U h- result-
ing antilmd.es rcacted « ith native lyso/ynte in a (iniqe, conformation-

Bl NY And Md












Attention is drawn to the fact that the
copyright of this thesis rests with its author.

This copy of the thesis has been supplied
on condition that anyone who consults it is
understood to recognise that its copyright rests
with its author and that no quotation from
the thesis and no information derived from it
may be published without the author’s prior
written consent.



