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Dengue virus-induced suppressor factor has two
disulphide-bonded chains which bear anti-
idiotypic and I-A and I-J determinants
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Dengue type 2 virus (DV) infection in mice induces
generation of suppressor T cells which produce a soluble
suppressor factor (SF). Activity of SF was abrogated by
pretreatment with compounds like reduced glutathione,
cysteine or 2-mercaptoethanol, which cleave disuiphide
bonds between polypeptide chains. Suppressor activify
was restored when the chains of SF, separated by
dithiothreitol treatment, were allowed to reassociate.
This indicated need for the presence of both polypeptide
chains in proper association. L.xperiments using immuno-
sorbent columns showed that one chain had anti-idiotypic
(DV) and [-A determinants while the other had 1-J
determinants. These determinants may impart antigen
specificity and genetic restriction to the transmission of
DV-induced suppresseor signai.

i

THE muring immune response to dengue type 2 virus
(DV) involves the generation of helper T cells and three
distinct subpopulations of suppressor T cells 73, DV
mduces generation of a subpopulation of splenic
suppressor T cells (Ts,)*°, which produce a soluble
suppressor factos (SF)°. SF is taken up by macrophages
both in vitro and in sivo™® and is presented to naive T
cells to recruit a sccond generation of suppressor T cells
(Ts,), which produce a second suppressor factor (SF,)”.
SF, recruits the third generation of suppressor T cells
(Tsy)'%, which mediate antigen-specific suppression of
humoral immune response. Further Ts,, SF and Ts,
bind anti-DV antibody while Ts, and SF, bind DV
antigen-—which result in.abrogation of their activity—,
indicating an idiotype-anti-idiotype-like network*',
The molecular structure of suppressor and helper
factors induced by various synthetic antigens has been
studied. These factors may consist of a single or two
polypeptide chains!?~'®, DV-induced SF has been
purified and characterized to some extent but its precise
molecular structure is not known. SF 15 a low-
molecular weight, heat-labile, acid and alkaline pH-
labile, highly potent protein and acts m a dose-
dependent manner?, SF is adsorbed by syngeneic
macrophages’, and immunosorbent columns carrying
anti-DV antibody!!, and anti-I-J* and anti-I-Ak, anti-
bodies against gene products of the [/ region of the
mouse major histocompatibility complex (MHC). There
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1s considerable interest in knowing the structure of anti-
idiotypic T-cell suppressor factors. Here we show that
DV {anti-idiotypic) and I-A determinants are present on
one chain of SF and I-J determinants on the other.

Methods

Preparation of suppressor factor. Three-to-four-month-
old inbred Swiss albino mice from the colony
mainiained in the department were inoculated intra-
cerecbrally with 1000 LD, of DV. The virus, strain
P23085, was in the form of bramn suspension obtained
from virus-infected adult mice'®, After § to 11 days, the
spleens were collected aseptically from the sick,
moribund micc and homogenized in phosphate-buffered
saline (PBS) to obtain SF®* !9 It was distributed in
small aliquots and stored at —~ 20"C until use.

Preparation of immunosorbent columns.  Immunosorbent
columns of cyanogen bromide-activated Sepharose 4B
(Pharmacia) were prepared by coupling anti-I-Jk, anti-
I-Ak antibody (@ft from Dr Marc Feldmann, London)
or anti-DV antibody*! as described by Theze et al.2?
and Waltenbaugh®!. The columns were prepared in
3 ml syringes. Two mg of antibody protein was used per
ml of packed gel. The columns were washed extenstvely
with PBS and the wash fluid was monitored at 280 nm.
The preparations of SF were adsorbed on these columns
for 20 min at room temperature, the effluents were
collected, the columns then washed with 10 ml of PBS
and elution performed using 0.1 M glycine~HC] buffer,
pH 25 The pH of the eluates was adjusted to 7.2
immediately. The effluent and eluate were assayed for
SUPPressor activaty.

Assay of suppressor activity. Suppressor activity of SF
was determined in haemolytic plaque assays by the
localized-haemolysis-in-gel technique of Jerne and
Nordin?? as described by Tandon and Chaturvedi®’,
Mice inoculated with a dose of 1000 LDs, of DV
intraperitoneally were inoculated i.v. with 0.2 mi of SF
preparation 48 h later. Care was taken to ensure that
the dilution factor remained constant in all SF
preparations. Since peak PFC response is obtained on
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days 6 and 7 post-inoculation, splenic DV-speciiic IgM
antibody plaque-forming cells (PFC) were prepared on
days 6 and 7 and used with DV antigen-coated sheep
RBC as indicator'®. Multiple slides were prepared for
each mouse.

Effect of treatment with reducing agents

Glutathtone, 2-mercaptoethanol and cysteine are agents
that reduce disulphide linkages between polypeptide
chains, thus cleaving them. Mice given untreated SF
showed a 40% suppression of DV-gpecific 1gM PEC
response (PFC after DV alone 710+44, PFC after DV
followed by SF 429+ 48; see Figure 1). SF treated with
1075M or 107°M glutathione caused only 5 or 6%
suppression, indicating abrogation of SF activity.
Treatment of SF with 1077, 107% or 107°M
glutathione did not affect suppressor activity. Similar
results were obtained with 2-mercaptoethanol and
cysteine; the former was effective up to 107" M. The
compounds themselves had no effect on the PFC
response.
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Figure 1. Abrogation of suppressor activity of SF by treatment with
compounds that cleave disulphide bonds between polypeptide chains.
DV, mice primed with DV and not given SF.
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Effect of treatment with dithiothreitol apd iodo-
acetamide

Dithiothreitol (DTT), in the presence of Tris—H(CI
buffer, reduces disulphide linkages between polypeptide
chains and brings about their c¢leavage. Immediate
treatment with 1odoacetamide results in alkylation of
the thiol groups and prevents reassociation of the
reduced polypeptide chains'?. SF treated with 5mM
DTT in the presence of 0.15M Tris-HCl buffer for
45min at room temperature was alkylated with
100 mM iodoacetamide for 20 min at room tempera-
ture'#* 13, Other aliquots of SF were either reduced by
DTT or alkylated with iodoacetamide under the same
conditions. SF treated with DTT or iodoacetamide
alone caused 48 or 42% suppression of the PFC
response (Figure 2). When reduction was followed by
alkylation, suppression was only 16%. The results
indicate that SF 15 composed of two polypeptide chains
joined by disulphide bonds and the presence of both
chains in proper association is essential for mediation
of suppression.

Behaviour on immunosorbent columns

It has been shown earlier that SF binds DV-specific
antibody in an immunosorbent column'!. We have
now studied binding of the two chains of SF cleaved by
reduction with DTT on anti-DV antibody immuno-
sorbent columns. As shown in Figure 3g, there was little
suppressor activity in both effluent and eluate from the
ant1-DV column (11% and 9% suppression respectively,
compared to 41% by untreated SF). However, a
mixture of effluent and eluate produced 26% suppres-

Suppression
(V)

SF+ dithiothreital .7%//%‘* AB
SF+indoucetumidW—« 42
SE+dithwothireitol

+ iodoacetamide ZE;EEZZ;Z;;’E}—* 16
Untreated SF m—ﬂ 44

| | | | | | |
100 300 500 700

PFC/ 2x1 OﬁCells

Figure 2. Abrogation of suppressor :ictivity of SF by treatment with
dithiothreitol and iodoacetamide.
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Figure 3. Suppressor activity of DTT-cleaved SF in effiuent and eluate fractions after chromatography on {a) anti-DV, (8} anti-I-J

and (c) anti-I-A immunosorbent columns.

sion. There was no binding on control columns
prepared using normal sera in place of anti-DV
antibody (data not shown) as the suppressor activity
was present mn the effluent.

Similarly, SF treated with DTT was run through anti-
[-J] and anti-I-A, immunosorbent columns, and effluent
and eluate were assayed. In each case, full suppressor
activity, not shown by either effluent or cluate alone,
was restored when the two fractions were combined
(Figure 3, b and c).

The results show that the chains of SF carry
determinants for anti-DV antibody, and anti-I-J and
anti-[-A antibodies. We then did mixing experimeints to
analyse the distnbution of the three determinants on the
two chains of SF. Eluates of SF from anti-DV, anti-1-]
and anti-I-A columns were mixed in different combina-
tions (Figure 4) and the suppressor activity of the
mixtures was assayed. The mixture of eluates from anti-
DV and anti-I-A columns had negligible suppressor
activity (6%) whereas the mixture of eluates from
anti-I-A and anti-I-J columns and the mixture of
cluates from anti-DV and anti-I-J columns had
significant suppressor activity (42 and 41% respectively,
compared to 46% by untreated SF). We therefore
conclude that the DV and 1-A determinants are present
on one chain of SF, while the I-J determinants are
present on the second chain.

Discussion

The suppressor activity of SF was abrogated, in a dose-
dependent manner, by pretreatment with compounds
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Figure 4. Suppressor activity of SF in mixtures of eluates of DTT-
cleaved SF fractionated on anti-DV, anti-I-J and anti-I-A columns.

like reduced glutathione, cysteine and 2-mercapto-
ethanol, which are known to cleave disulphide linkages.
The two dissociated polypeptide chains obtained after
reduction of SF with DTT could reassociate, and
suppressor activity was restored if reduced SF was not
alkylated with 1odoacetamide. This indicated the
necessity for presence of both chains in proper
association for mediation of suppression. Similar two-
chain structures have been shown for suppressor factors

induced by synthetic antigens'? **, while others may
have a single chain®’,
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In an earlier study, the presence of I-region
specificities I-Jk and I-Ak was shown on SF'’. The
present study was aimed at locating the anti-idiotypic
(DV) and the I-J and [-A determmants on the two
chains of SF. Full suppressor activity was obtained in
mixtures of anti-I-J column eluate and anti-I-A column
or anti-DV column eluate. In contrast, the mixture of
elnates from anti-DV and anti-I-A columns had no
suppressor activity, showing that DV and I-A determi-
nants are present on the same polypeptide chain. It has
been reported that when the suppressor factor 15 a
single-chain structure, the antigen and I-J determinants
are present on the same chain; on the other hand, in a
two-chain structure they are present on diferent
chains*®2°~27, Further, the ‘antigen-positive’ chain
determines the specificity of the suppressor factor'®.

The presence of [-A determinants on one chain of SF
is mteresting. The presence of I-J determinants is
associated with suppressor function®®?*2¢ while I-A
are associated with helper functions®?473%. On the
other hand, Feldmann and Kontiainen®! have sum-
marzed observations that indicate that I-subregion
assignment of helper and suppressor factors need not
necessanly be distinct and may not be a marker of
function. Further, Marx’? has quoted work that
suggests that I-J suppressor factor contains modified
forms of I-E or I-A molecules. Therefore the presence of
both I-J and 1-A determinants on DV-induced SF 1s
possible. The finding that the chain with anti-idiotypic
determinants also bears I-A is important in the light of
the suggestion that 1-J may be a recogmtion molecule
for I-A.

Little et al.'® suggested that the function of the two
chains is to bring antigen and I-A molecules together
on the cell surface. Absorption of helper factor by B
cells has been suggested to be under I-A contro]?®-3%:33,
SF induces generation of Ts, cells by transmitting the
suppressor signal via macrophages; S¥ 1s adsorbed by
syngeneic macrophages, which present 1t to the
precursors of the Ts, cells’. Therefore it is likely that
binding of SF to macrophages is under control of the
polypeptide chain that bears I-A determinants; the
same chain also bears DV determinants, which mmpart
antigen spectficity to the suppressor signal.
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