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Biochemical properties of a purified protein in cystic
fluid of Taenia solium metacestodes*
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Abstract: By affinity chromatography using a monoclonal antibody as ligand, Kim
et al.(1986) purified a protein fraction in cystic fluid of Taenia solium metacestodes
(CF). In this study, the biochemical properties of the purified protein were charac-
terized. Discontinuous-polyacrylamide gel electrophoresis (disc-PAGE) of the protein
at 4.5~10% separating gel concentration showed its molecular weight (MW) to be
150 kilodalton (kDa) in non-denatured while denaturing sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) revealed that it was composed
of 3 different subunits with respective MW of 15, 10 and 7 kDa. Subunit of 7 kDa
was shown to be linked to other subunits by disulfide bonds. Isoelectric point of the

state,

protein was pH 6.8. The protein was relatively heat-stable for immunologic analysis.
These properties indicated that the protein, comprising about 7095 of total content
in CF, had similar biochemical characters with antigen B of Oriol et al.(1971) in

hydatid cyst fluid (HF).
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INTRODUCTION

In antigenic preparations of T. solium meta-
cestodes, a protein was purified by Guerra et
al.(1982), which was a fibronectin of the meta-
cestodes and composed of 95 and 105 kDa
subunits; by immunoelectrophoresis with known
patients sera of cysticercosis it made antigen
B line of Flisser et al.(1980).

Kim et al.(1986) also purified a protein in
CF of T. solium metacestodes and designated
it as “A-antigen” meaning affinity-chromat-
ography-purified protein. They showed that
“A-antigen” was identical with “band C” of
Choi et al.(1986) in disc-PAGE of CF. A-

* Th; 7s£;1dy was supported by the Vgrxz;riltﬁfrom the
Korea Science and Engineering Foundation
(851-0411-018-2).

antigen was described to show higher specificity
but lower sensitivity when tested with sera
from patients of various parasitic diseases
including cysticercosis,

we described biochemical
characters of the immunoaffinity purified protein
(A-antigen) in CF of T. solium metacestodes.

In this paper,

MATERIALS AND METHODS

1. Antigens

Three antigenic preparations, CF of T. solium
metacestodes, A- and U-antigen were used. CF
was prepared as described by Choi et al.
(1986). A-antigen was fractionated from CF
by affinity chromatography through a mono-
clonal antibody (CFCc-298. 18)-bound CNBr-
activated sepharose 4B column. Affinity chrom-
atography of A-antigen was repeated once



again to remove contaminant. Unbound elute
of CF was designated as U-antigen. The
monoclonal antibody (CFCc-298. 18) was known
to bind 3 protein bands of 15,10 and 7 kDa in
CF by SDS-PAGE and enzyme-linked immuno-
electrophoretic transfer blot(EITB) (Cho et
al., 1987).
2. Thermostability test

To observe thermostability of CF, A- and U-
antigen, they were boiled at 100°C for 15
minutes. Antigenicity of 3 antigens were exami-
ned by enzyme-linked immunosorbent
(ELISA) using 26 sera from confirmed neuro-

assay

cysticercosis patients. Antibody levels in the
sera were all in positive range (0.23~1.22 in
absorbance by ELISA; (.18 or above are
regarded as positive, Cho et al., 1986).

Boiled and non-boiled antigens in protein
concentration of 2 5pg/ml (as measured by
Lowry et al., 1951) were coated to polystyrene
plates overnight at 4°C. Then 1:100 diluted
sera and 1 : 10, 000 diluted peroxidase conjug-
ated goat IgG antihuman IgG (heavy- and
light-chain specific, Cappel) were sequentially
reacted. Differences in absorbance at 492 nm
were compared between boiled and non-boiled
antigens.

3. Disc-PAGE

To measure MW of component proteins in
CF and A-antigen in nondenatured state, disc-
PAGE method of Hedrick and Smith(1968)
was applied. At separating gel concentration of
4.5%, 5%, 5.5%, 6%, 7%, 8%, 9% and 10%,
standard proteins [a-lactalbumin (14.2 kDa),
carbonic anhydrase (29 kDa), chicken egg

albumin (45 kDa), bovine serum albumin
(monomer 66 kDa; dimer 132 kDa), urease
(trimer 272 kDa; hexamer 545 kDa), Sigma,

USA] were electrophoresed with CF and A-
antigen. Minus slopes of “100{log(Rfx100))”
of each standard protein against % gel concen-
trations were plotted against MW in log-log
paper to make a standard calibration curve.
Using minus slopes of the component proteins
in CF and A-antigen, MW were estimated in
the standard curve.

4. SDS-PAGE
Vertical electrophoresis system of 17X12cm
SDS-PAGE (Laemmli, 1970).
Separating slab gel of 9 ¢m long and 1.5 mm
gradient gel of 10~15%
buffer (pH 8.8)
containing 0. 4% SDS. Sample buffer containing
0.125% Tris (pH 6.8), 20% glycerol, 4.5%
SDS and 10% 2-mercaptoethanol (2-ME) and
0.01% bromphenol blue, was heated with same
amount of CF, A- and U-antigen at 95°C for
5 minutes. Thirty pl of each antigen(containing

was used for

thick was linear
polyacrylamide in 1.5M Tris

30pg of protein) were applied. Samples were
electrophoresed at 30 mA for 3~4 hours.
Protein bands were stained with 0.125% Coo-
massie brilliant blue R-250.

To observe the presence of disulfide bonds
within molecule of A-antigen, SDS-PAGE were
done after: (1) heating A-antigen with sample
buffer containing 10% 2-ME at 95°C for 5
minutes, (2) mixing A-antigen with sample
buffer containing 10% 2-ME without heating
(3) heating A-antigen at 95°C for 5 minutes
with sample buffer without 2-ME and (4)
mixing A-antigen with sample buffer without
2-ME and without heating

5. Enzyme-linked immunoelectropho-
retic transfer blot (EITB)

To confirm the purity of A-antigen, SDS-
PAGE/EITB of CF, A- and U-antigen were
done by method of Tsang et al.(1983). After
protein bands were transferred to nitrocellulose
paper by electrophoresis in Towbin buffer, a
patient serum of neurocysticercosis (our serum
No. HSC-1090), which was previous confirmed
to react with major bands in CF including 15,
10 and 7 kDa, was treated.

6. Isoelectric focusing (IEF)

CF and A-antigen were focused isoelectrically
in 5% polyacrylamide gel containing pharmalyte
(pH 3-10) in Pharmacia Phast system. Fifty
¢l of antigens(protein concentration ] mg/ml)
were applied.



RESULTS

1. Molecular weight and subunits

(1) Non-denatured state

As shown in Fig. la, CF showed 5 protein
bands in disc-PAGE. The results of disc-PAGE
in purified A-antigen were shown in Fig. 1b
at different gel concentrations. Calculating
slopes of “100x (log (Rf x100)]” against 25 gel
concentrations in standard proteins, standard
curve of molecular weights was prepared (Figs.
2 and 3).
proteins in CF were estimated to be over 600
kDa in band A, 220 kDa in band B, 150 kDa
in band C (=A-antigen), 120 kDa in band D
and 30 kDa in band E respectively in order of

Molecular weights of component

mobility.

(2) Subunits

SDS-PAGE of CF, A- and U-antigen were
shown in Fig. 4. In CF, at least 23 bands
were recognized; bands of 94, 64, 48, 39, 24, 15, 10
and 7 kDa were major bands.
revealed that concentration of 15,10 and 7 kla
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Figs. 1a & 1b. Disc-PAGE of CF of Taenia solizm
metacestodes(Fig. 1a) and purified A-antigen
(Fig. 1b) at different separating gel concent-
rations. No. on the top of gels are; 1: 10% gel,
21 9% gel, 3: 8% gel, 4. 7% gel, 5. 6% gel,
6: 5.5% gel, 7: 5% gel, and 8. 4.5% gel.
A-E on left of Fig. la are component protein
bands in CF.
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Fig. 2. Slope of “100x [log(Rfx100)])” against %
gel concentrations in standard proteins and
purified A-antigen.
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Fig. 3. Standard curve of molecular weight by
minus slope in Fig. 2. Open circle (o):
standard proteins, closed circle (o): A-
antigen(=band C in disc-PAGE), closed
triangle (4): component proteins in CF,
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Fig. 4. SDS-PAGE of CF, A- and U-antigen in
10~15% linear gradient gel. M. Molecular
weight in kDa. Lane 1: standard proteins,
lane 2: CF, lane 3: CF after boiling at
100°C for 15 minutes, lane 4: A-antigen,
lane 5. A-antigen after the boiling, lane
6: U-antigen, lane 7: U-antigen after
boiling.
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Fig. 5. SDS-PAGE/EITB of CF, A- and U-anti-
gen using a polyclonal antibody (a patient
serum). SDS-PAGE was done as in Fig. 4.
Lanes 1 & 2: CF before (1) and after (2)
boiling at 100°C for 15 minutes, lanes 3 &
4: A-antigen before (3) and after (4) the
boiling, lanes 5 & 6: U-antigen before (5)
and after (6) boiling. Peroxidase conjugated
antihuman IgG and 3, 3’ -diaminobenzidine/
H,;0, as substrate were used.

- i

Fig. 6. SDS-PAGE of A-antigen at different condi-
tions of sample treatment. M,: molecular
weight in kDa, lane 1: standard proteins,
lane 2: A-antigen heated at 95°C for 5
minutes with same amount of sample buffer
containing 10% 2-mercaptoethanol, lane 3:
A-antigen mixed with sample buffer contai-
ning 2-mercaptoethanol without heating,
lane 4: A-antigen heated at 95°C for 5
minutes with sample buffer without 2-mer-
captoethanol, lane 5: A-antigen mixed with
sample buffer without 2-mercaptoethanol
and without heating.

bands were 25.7%, 30.5% and 20.0% (total
76.2%) of total protein in CF (densitogram
In A-antigen, 3 bands of 15,10
and 7 kDa were recognized. In U-antigen, 18
bands including the 3 bands of 15,10 7kDa
were found.

Fig. 5 showed the result of SDS-PAGE/EITB
with a patient serum against CF, A-and U-
antigen. Bands of 15, 10 and 7 kDa in 3
antigens reacted with antibody in common.
Eleven bands in CF and 8 bands in U-antigen
reacted with the patient serum in addition to

not shown).

components in A-antigen.

As shown in Fig. 6, A-antigen, which was
treated with sample buffer containing 10% 2-
ME and heated at 95°C for 5 minutes, showed
dissociation of 7 kPa band (Lane 2). In the
treatment

remaining conditions of sample

without 2-ME and/or without heating, the band
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Fig. 7. IEF findings of CF and A-antigen. Lane 1:
standard proteins with pH, lane 2: CF of
T. solium metacestodes, lane 3. purified
A-antigen(arrow head).

of 7 kDa was not dissociated.
2. Result of IEF
By IEF, CF was separated into a discrete
band at pH 6.8 and a numbker of bands at pH
5.5~6.5. A-antigen showed only one band at
pH 6.8 (Fig. 7).
3. Thermostability test
Antigenicity of 3 antigenic preparations was
compared before and after boiling at 100°C
for 15 minutes (Table 1). In 26 patients sera,
mean absorbances by ELISA against non-boiled
CF and U-antigen were ccmparable each other
(0. 63/0. 68). However, mean absorbance against
non-boiled A-antigen was lower (0. 46) and was

Table 1. Change of antigenicity in 3 antigenic
preparations(CF, A- and U-antigen) before
and after boiling at 100°C for 15 minutes.
Absorbance of specific IgG antibody in 26
patients’ sera were measured by ELISA

(Cho et al., 1986)

Mean absorbance+S.D. %(mean#+S.D.)

of absorbance

Antigen

bbcfifloi;eg after boiling after boiling
CF 0.6340.31 0.35%0.23 55.9X16.1
A-antigen 0.4610.28 0.29%+0.22 62.8+15.5
U-antigen 0.68+£0.33 0.29£0.20 41.0+15.6

about 739 of CF.
After boiling,

were similar each other between 3 antigens.

Therefore, absorbance was changed less in A-

however, mean absorbances

antigen by ratio than CF or U-antigen. In
addition, as shown in Figs. 4 and 5, band of
64 kDa was most affected by heating both in
CF and U-antigen.

DISCUSSION

In this study, the A-antigen purified by Kim
et al. (1986) was This was
relatively thermostable, 150 kDa protein with
pl 6.8, composed of 3 subunits such as 15, 10
and 7 kDa. Polypeptide of 7 kDa subunit was

characterized.

illustrated to dissociate in reducing conditions.

As reviewed by Williams and Sandeman
(1982), Harrison and Parkhouse (1985) and
Schantz and Gottstein (1986), two proteins in
HF were well characterized. One of them,
“antigen 4” of Chordi and Kagan(1965), “Arc
5 antigen” of Capron ef al. (1968) and “Antigen
A” of Oriol e al. (1971),
agreed to be identical, was a heatlabile lipo-
protein with MW of about 400 kDa and was
composed of non-covalently linked subunits of
MW 67 kDPa. This subunit dissociated into two
smaller subunits of MW 47 and 20 kDa on
reducing gels. Another major protein in HF,
that is “Antigen 5° of Chordi and Kagan
(1965) or “Antigen B” of Criol et al. (1971),
was heat-stable protein of MW 120~150 kDa
(Oriol et al., 1971). It gives 3 component
subunits in 10, 5~20 kPa on SUCS-PACE with
or without reducing conditions; these subunits

which are now

may, however, become associated through non-
covalent linkages to produce aggregates in a
range of sizes (Piantelli et al., 1977).

Out of the two proteins in HF, A-antigen
in CF had similarity with “Antigen B” of Oriol
et ¢l. (1971), in aspects of its MW in non-
denatured state, ccmposing subunits and their
MW, and its thermostability. A-antigen was
different from “Antigen B” of Flisser et al.
(1980) in T. solium, which was a fibronectin



of MW 95 and 105 kDa (Guerra et al., 1982).
Considering the taxonomic kinship between 7.
solium and Echinococcus granulosus in family
Taeniidae, structural similarity in a component
protein in cystic fluid of the metacestodes may
be quite possible. “Antigen A” of Oriol et al.
(1971) was known to occur also in 7. hydati-
gena, T. ovis, T. solium and E. multilocularis
and cause cross reactions between them (Capron
et al., 1968).

It is still uncertain whether A-antigen in 7.
Kim
the higher value of

solium metacestodes is species specific.
et al. (1986) described
A-antigen than CF especially in aspect of
specificity. But they did not observe cross
reactivity of A-antigen with sera from hydatid
disease. Therefore, its value as a diagnostic
antigen needs further studies.

In serodiagnosis of human cysticercosis by
ELISA, CF is now increasingly recognized as
more sensitive and specific than parenchymal
extracts (Choi et al.,, 1986; Larralde et al.,
1986; Pailey et al., 1988). In the mean time,
sensitive and specific fractions for diagnostic
purpose have been searched for by SDS-PAGE/
EITB. In parenchymal in CF,
protein bands of 64 kDa were agreed to be
most sensitive (Grogl et al., 1985; Joo et al.,
1987; Cho et al., 1987; Hur et al., 1988). A-
antigen bands were also sensitive (Cho et al.,
1987). Gottstein et al. (1986 & 1987) reported
that bands of 26 and 8 kla are specific for
diagnosis of cysticercosis.

Just like the unsettled reports on the sensi-
tive and specific protein bands, hitherto reported

extracts or

results on fractionated proteins for diagnosis
are inconmsistent by author. Since approaches
to fractionate crude antigens were different, it
is difficult to compare their results each other.
For example, gel filtration and ion exchange
chromatography (Guerra et al., 1982), chrom-
atofocusing (Coker-Vann e al., 1984), affinity
chromatography using monoclonal antibody
(Kim et al., 1986), isoelectric
focusing (Pammenter 1987),

a mmonium sulfate precipitation (Chen et al.,

preparative
and Rossouw,

1988) etc. have been used. Therefore, the
biochemical and the immunologic characteri-
zation of individual protein is necessary for
its identification in T. solium metacestodes.

ACKNOWLEDGEMENTS

We thank Professor Hi Sung Lee, Department
of Biochemistry, Chung-Ang University and

Assoc. Prof. Sang Chul Park, Dept. of
Biochemistry, Seoul National University for
their advices during this study. Miss H.S.
Kang, Dept. of Parasitology, Chung-Ang

University helped laboratory works.

REFERENCES

Bailey, G.G., Mason, P.R., Trijssenar, F.E.J. and
Lyons, N.F. (1988) Serological diagnosis of
neurocysticercosis: evaluation of ELISA using cyst
fluid and other components of Taenia solium cysti-
cerci as antigen. Trens. Roy. Soc. Trop, Med.
Hyg., 82:295-299.

Capron, A., Biuget, J., Vernes, A, and Abchain, D.
(1968) de helminthes.
Aspects immunologiques des hote-
parasite. Pathol. Biol., 16:121-138. (cited from
Harrison and Parkhouse, 1985)

Chen, J., Zhang, X., Liu, M., Xiong, J., Feng, M,,
Hu, R., Liy, G. and Zhong, H.(1988) Evaluation
of Cysticercus cellulosae antigens in the immunodi-
agnosis of human cysticercosis by ELISA. Chinese
J. Parasitol. Parasitic Dis., 6:32-35.

Cho, S.Y., Kang, S.Y. and Kim, S.1.(1987) Analysis
of antigen specificity using monoclonal and poly-
clonal antibodies to Cysticerus cellzlosae by enzyme-
linked immunoelectrotransfer blot
Korean J. Parasit., 25.159-167.

Cho, S.Y., Kim, S.I., Kang, S.Y., Choi, D.Y., Suk,
J.S.,, Choi, K.S., Ha, Y.S., Chung, C.S. and
Myung, H. (1986) Evaluation of enzyme-linked
immunosorbent assay in scrological diagnosis of

Structure antigenique

relations

technique.

human neurocysticercosis using paired samples of
serum and cerebrospinal fluid. Korean J. Parasit.,
24:25-41.

Choi, B.K., Kim, S.I.,, Kang, S.Y. and Cho, S.Y.
(1986) Evaluation of antigens from different parts
of Cysticercus cellulosae in serological diagnosis of



human cysticercosis. Chung-Ang J. Med., 11:
135-146.

Chordi, A. and Kagan, I.G. (1965) Identification
and characterization of antigenic components of
sheep hydatid fluid by immunoelectrophoresis. J.
Parasit., 51:63-71.

Coker-Vann, M., Browfy, P. and Gadjusek, D.C.
(1984) Serodiagnosis of human cysticercosis using
a chromatofocused antigenic preparations of Taenia
solium cysticerci in an enzyme-linked immunosor-
bent assay (ELISA). Trop.
Med. Hyg., 78:492-496.

Flisser, A., Woodhouse, E. and Larralde, C. (1980)
Human cysticercosis: antigens, antibodies and non-
responders. Clin, exp. Immunol., 39:27-37.

Gottstein, B., Tsang, V.C.W. and Schantz, P.M.
(1986) Demonstration of specific and cross reactive

Trans. Roy. Soc.

components of Taenia ‘solium metacestode antigens,
Am. J. Trop. Med. Hyg., 35.308-313.

Gottstein, B., Zini, D. and Schantz, P.M. (1987)
Species specific immunodiagnosis of Taenia solium
cysticercosis by ELISA and
Trop. Med. Parasit., 38:299-303.

Grogl, M., Estrada, J.J., MacDonald, G. and Kuhn,
R.E. (1985) Antigen-antibody analyses in neuro-
cysticercosis. J. Parasit., 74:433-442.

Guerra, G., Flisser, A., Canedo, L. and Laclette,
J.P. (1982) Biochemical and immunological cha-

immunoblotting.

racterization of antigen B purified from cysticerci
of Taenia solium. In: Cysticercosis: Present status
of knowledge and perspectives (Ed.: Flisser, A.
et al.) 437-451, Academic Press, New York.

L.J.S. R.M.E. (1985)
Antigens of taeniid cestodes in protection, diagnosis

Harrison, and Parkhouse,
and escape. Current topics in Microbiology and
Immunology, 120:159-172.

Hedrik, J.L. and Smith, A.]. (1968) Size and charge
isomer separation and estimation of molecular
weights of proteins by disc gel electrophoresis.
Arch. Biochem. Biophys., 126:155-164.

Hur, N.J., Joo, K.H. and Rim, H.J. (1988) Studies
on the use of enzyme-linked immunoelectrotransfer
blot in the serological diagnosis of cysticercosis,
Korea Univ. Med. J., 25:375-388.

Joo, K.H., Kang, S.H., Lee, ].S. and Rim, H.J.
(1987) Studies on the demonstration of species
specific and cross reactive components in vesicular
fluid and parenchymal antigens from Clysticercus

cellulosae. Korea Univ. Med. J., 24(3):139-150.

Kim, S.I., Kang, S.Y., Cho, S.Y., Hwang, E.S. and
Cha, C.Y. (1986) Purification of cystic fluid
antigen of Taenia solium metacestodes by affinity
chromatography using monoclonal antibody and
its antigenic characterization. Korean J. Parasit.,
24:145-158.

Laemmli, U.K. (1970) Cleavage of structural proteins
during the assembly of the head of bacteriophage
Ty Nature, 227:681-685.

Larralde, C., Laclette, J.P., Owen, C.S., Madrazo,
L., Sandoval, M., Bojalil, R., Sciutto, E., Cont-
reras, L., Arzate, J., Diaz, M.L., Govensky, T.,
Motoya, R.M. and Goodsaid, F. (1986) Reliable
serology of Taenia solium cysticercosis with
antigens from cyst vesicular fluid: ELISA and
hemagglutination tests. Am. J. Trop. Med. Hyg.,
35:965-975.

Lowry, O.H., Rosenbrough, N.J., Lewis-Farr, A.
and Randall, R.J. (1951) Protein measurement
with folin-phenol regent. J. Biol. Chem., 193:
265-275.

Oriol, R., Williams, J.F., Esandi, M.V.P. and Oriol,
C. (1971) Purification of lipoprotein antigens of
Echinococcus granulosus from sheep hydatid fluid.
Am. J. Trop. Med. Hyg., 20.569-574.

Pammenter, M.D. and Rossouw, E.J. (1987) The
value of an antigenic fraction of Clysticercus
cellulosae in the serodiagnosis of cysticercosis.
Ann. Trop. Med. Parasit., 81(2):117-123.

Piantelli, M., Pozzuoli, R., Arru, E. and Musiani,
P. (1977) Echinococcus granulosus: Identification
of subunits of the major antigens. J. Immaunol.,
119:1382-1386.

Schantz, P.M. and Gottstein, B.(1986) Echinococcosis
(Hydatidosis). In: Immunodiagnosis of parasitic
diseases Vol. 1, Helminthic diseases (Ed.: Walls,
K.W. and Schantz, P.M.) 69-107, Academic Press,
Orlando.

Tsang, V.C.W,, Peralta, J.M. A.R.
(1983) Enzyme-linked immunoelectrotransfer blot
techniques (EITB) for studying specificities of
antigens and antibodies separated by gel -electro-
phoresis. Methods in Enzymology, 92:377-391.

Williams, ]J.F. and Sandeman, R,M. (1982) Antigens
of taeniid cestodes. In: Cysticercosis. Present status
of knowledge and perspectives (Ed.: Flisser, A,
et al,): 525-537, Academic Press, New York,

and Simons,



=B =

FHEES ERNAM B S20tEQMIZ SRS
R EARS 4£{tay MR

PRABY BNAE FEABEE
HAIN - 28— ZER-IL £

Kim et al.(1986) 2 HHERH BT REAA & HMAKAE 58S CNBrigit{t Sepharose 4Bo| HifiAl
A Btk azwEad 9 s Bty Bl A-HUREE 2D b ok o) BT 2 KR EeEY 2
B HERE BHER ol

Disc-PAGEo| {i3&] 4.5~10% Ljeclzdelntol= AoA vtebll & RizZ: HPZ STES WET R A
B T8-S 150,000 daltono] §loh. A-Hil-E SDS-PAGEdl 4 15,000, 10,000, 7,000 daltonol 3) <&}
polypeptide2 sy#lo] EFiE 9}, 10% 2-mercaptoethanol2 f@BEistA @At 95°ColA 537 A 9
A-filFe] SDS-PAGEe| A+ 7,000 dalton®] polypeptider} Zrffis) = @okch. A-HiHS SEEL(PI)E pH6.8¢)
Ach. EHRHIES & S8 RKEs e HilE v BEmMEoR A-HFES SDS-PAGE/EITBE w- BEMiE
2 15,000, 10,000, 7,000 daltonell gz¥ste #rel A=t KRESIA L.

By ZAE # 70%5 AASE A-FURL BEBNOR Mt Ao @a(hydatid cyst) T HiE
dr Oriol et al.(1971)2] “Antigen B9} &{b2H) #:iiko] v =% HEHE U



