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Expression of Recombinant Antigens in Escherichia coli:
Application on Immunochemical Studies of Schistosoma
mansoni Tegumental Antigens
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Sm15 and Sm13 are recognized by antibodies from mice protectively vaccinated with tegumental
membranes, suggesting a potential role in protective immunity. In order to raise antibodies for immu-
nochemical investigations, the genes for these antigens were expressed in pGEX and pMal vectors s
that comparisons could be made among different expression systems and different genes. The fusio
proteins corresponding to several parts of the gene for the precursor of Sm15 failed in producing
antibodies recognizing the parasite counterpart. On the other hand, antibodies raised against Sm13
MBP-fusion proteins recognized the 13 kDa tegumental protein. Thus the peculiarities of the gene of
interest are important and the choice of the expression system must sometimes be decided on an empir
cal basis.
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Gene cloning and expression can provide agpublished). In order to raise antibodies for immu-
abundant source of eukaryotic polypeptides. In thisochemical investigations, the genes encoding
respect, several expression systems have been these tegumental antigensSuthistosoma mansoni
scribed, although all of them have advantages amekere subcloned in pGEX and pMal expression vec-
disadvantages. Recombinant eukaryotic polypepers and the results compared.
ti_des synthesized ip trEscherichia coIiexpres— MATERIALS AND METHODS
sion system, can differ from their authentic coun- . )
terparts (Marston 1986), because there are a num- Parasites and homogenates were obtained as
ber of eukaryotic post-translational modificationglescribed previously (Abath et al. 1994). Tegumen-
which are not performed iB. coli. For example, tal outer membranes of adult worms were prepared
glycosylation, acetylation and amidation. Sm15 andccording to Simpson et al. (1981). The samples
Sm13 are recognized by antibodies from mice provere stored at -2C.
tectively vaccinated with tegumental membranes Anti-sera against the fusion proteins were raised
(Smithers et al. 1990), suggesting a potential role ifl rabbits by injecting 200 pg of fusion protein with
protective immunity. The complete gene for Sm150mplete Freund's adjuvant subcutaneously, fol-
was cloned and sequenced (Abath et al. 1993); tHigved by 3 boosts. Rabbit anti-tegumental mem-
antigen is synthesized as a precursor that is prérane antibodies @) were raised with tegumen-
cessed during maturation (Abath et al. 1994). TH&l membrane proteins solubilized in SDS (Simpson
other antigen, Sm13, is a typical membrane proteff al. 1990).

with a carboxy-terminus hydrophobic domain (not  Affinity purified antibodies were prepared by
plating out the\gt11 A70 cDNA clone (2847-4327

of the gene for the precursor of Sm15) and
adsorbing the 3-galactosidase fusion proteins onto
This study was supported by grants from UNDP/WorldP TG (isopropylB-D-thiogalactopyranoside)
Bank/WHO, special programme for research and technsoaked nitrocellulose filters. The affinity matrix pre-
cal trainng in tropical diseases (TDR), CNPq (Conselhpared by adsorbing expression proteins directly
Nacional de Pesquisa e Desenvolvimento Tecnologicédom phage plaque lifts onto nitrocellulose was then
$ggn;§;§§eEP¢(a':#:rggggg) de Amparo a Ciéncia gcubated with rabbit antiserum. Affinity selected

X ' antibodies were then eluted from the filters with pH
*Corresponding author. Fax: +55-81-453.1911 2.6 glycine buffer and neutralized with Tris-HCI pF:—|
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called A70RaM and recognized specifically a 15 RESULTS

kDa teg'umental antigen (Sm15). . Subcloning of the genes for the precursor of
Sodium dodecyl-sulphate polyacrylamide ges 15 (GenBank L07513) and expression of fu-

electrophoresis (SDS-PAGE) was carried out 8§, nroteins in E. coli The various constructs

described by Laemmli (1970). The transfer of progiained are shown in Table with the respective

teins from polyacrylamide gels to nitrocellulose fil-y\ e 15 annarent molecular weight of the resulting
ters was by semi-dry electroblotting using a dlsfusion proteins and the vectors used. The fusion

continuous system in which filters saturated with) - . A70-20, A70H3-19 and A70H1-G2 were

buffer are layered from the anode plate in the fo{ ; X
; X - o ound to show apparent molecular weights higher
lowing order: (1) 300 mM Tris, 20% methanol, (2) 2 han predicted. The only difference between the

mM Tris, 20% methanol, (3) nitrocellulose mem-
brane, (4) gel, (5) 40 m+amino-n-hexanoic acid, A70-20 and A70H3-19 constructs was the absence

25 mM Tris, 20% methanol. The immunodetectior?f the 3' untranslated region in the clone synthesiz-

; ; the fusion protein A70H3-19. The GST fusion,
&%Satlﬁln&zrlt_alkgegnélfssentlalIy as described befog%glled 2TR7A corresponded to the regions of re-

eats of the precursor of Sm15 (Abath et al. 1994).

The subcloning experiments were conducte . ; .
g exp he fusion protein A70H1-G2 was patrtially cleaved

according to standard procedures (Sambrook et al, R L i
1989), polymerase chain reaction was used to en ith thrombin within the agarose affinity matrix (Fig.

neer the inserts. Cells were made competent a2 1ane 6). The peptide released from the 26 kDa
cording to the procedure outlined by Chung et af?ST carrier by thrombin cleavage presented an
(1989). Transformed bacteria were grown and séPparent molecular mass of 45 kDa, higher than
lected by standard methods (Sambrook et al. 1988§¢ predicted 18.5 kDa. This behaviour was ob-
The expression and purification of glutathione sserved for all the fusion proteins expressed and
transferase (GST) fusion proteins were performe@robably is due to the highly acidic composition of
according to Smith and Johnson (1988). To obtai® sequence. _ o

the pure peptide, free of GST, the pGEX-2T fusion Antibody responses to fusion protein&nti-
protein was thrombin cleaved within the beadgodies raised in rabbits against the fusion protein
(Abath & Simpson 1990). When using pMal-criA70-20, recognized in Western blots, the fusion
(New England Biolabs), the expression and purifiproteins A70-20, A70H3-19, A70H1-G2 and GST but
cation of the resulting MBP fusion proteins wa®nly weakly recognized the polypeptide obtained
carried out following the instructions of the supfollowing partial thrombin cleavage of the fusion
plier. protein A70H1-G2 (Fig. 1A). Furthermore, the anti-

TABLE

Pairs of primers used in PERexpected fragment sizes, gene sequence amplified and constructs obtained,
corresponding fusion proteins, apparent molecular weight of the fusion protein and vector used

Pairs of primers Insert Sequences Construct Fusion Apparent \éctor Cloning

protein MW (kDa) site
Gene for the Sm15 precursor

lambda gt11 universal primers 1480 bp 2847-4327 A70-20 A70-20 1P&EX-1N EcoRI

A70LH1 X A70RH2 1029 bp 2847-3876 AT70H3-19 A70H3-19  105pGEX-2T BamHI

A70LH1 X A70CH1 501 bp 2847-3348A70H1-G2 A70H1-G2 60 pGEX-2T BamHI

GA70FP3E X GA70RPOE 1036 bp 2102-3132TR7A 2TR7A 110 pGEX-2T EcoRlI

ABF2 X ABR2 480 bp 1339-1819 pGEX1M2 (1BEXM2(19) 60 pGEX-1N EcoRlI

A70LH1 X A70RH2 1029 bp 2847-3876pMcriH3(17)  McriH3(17) 120 pMal-cri BamHI

ABF2 X ABR2 480 bp 1339-1819 pMcriM2(7) McriM2(7) 66 pMal-cri EcoRlI

Gene for Sm13
lambda gt11 universal primers 380 bp 1-380McriA157 McriAl57 55 pMal-cri EcoRlI

In the pGEX system fusions are produced with GST (26 kD&gbistosoma japonicurwhile the pMal system
produce fusions with maltose binding protein (42 kDa). The sequence of these primers are available upon request.
a: polymerase chain reaction
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Fig. 1: Western blot probed with anti-A70-20 fusion pro-

tein antibodies (A) and selected antibodies reactive to the

15 kDa antigen (B). Lane 1: adult tegumental membranes,

lane 2: whole adult worm homogenate, lane 3: fusion proFig. 2: Western blot probed with anti-McriA157 fusion
tein A70-20, lane 4: fusion protein A70H3-19, lane 5:protein antibodies. Lane 1: whole adult worm homogenate,
fusion protein A70H1-G2, lane 6: fusion protein A70H1-G2lane 2: fusion protein McriA157. M: molecular weight
partially cleaved with thrombin, lane 7: GST. M: molecularmarkers: 200, 97, 68, 43, 29, 18, 14.3 kDa.

weight markers.

bodies were not able to recognize Sm15 either iesponse capable of recognizing the parasite coun-
tegumental preparations or in adult whole wornterparts. The same strategy was used for the gene of
homogenate. As can be seen in Fig. 1B, the fusi®m13. In this case the pMal-cri expression vector
proteins A70-20, A70H3-19 and A70H1-G2 were allwas used. Antibodies raised in rabbits against the
recognized by antibodies specific to Sm1%5m13 fusion protein McriA157 (Table) recognized in
(A70RaM). However, the products of thrombin Western blot the 13 kDa tegumental antigen (Fig. 2,
cleavage: the specific peptide and GST were n&ne 1). More detailed immunochemical studies about
recognized. this atigen will be published elsewhere.

GST seemed to be very |mmunpdom|nant in DISCUSSION
comparison to the recombinant proteins of the gene o B )
for the Sm15 precursor. Next, we subcloned the frag- In order to obtain highly purified recombinant
ments corresponding to the pGEX clones A70-2@ntigens in a non-denatured state, the genes for
and pGEX1M2 in pMAL-cri (this vector encodes athe Sm15 precursor and Sm13 were expressed in
different carrier). The resulting MBP fusion pro-PGEX and pMal expression vectors so that com-
teins were used to immunize rabbits and also failgeprisons could be made among different expres-
in raising antibodies able to recognize the corresion systems and different genes. In these sys-
spondent antigen in the parasite. tems recombinant proteins are expressed as fusions

Expression of the gene for Sm13 (GenBan\k’ith GST and MBP, respectively. In general, such
U67153) and immunogenicity of the fusion profusion proteins are soluble and are easily purified
teins -We described above the expression usinfjom lysed cells under non-denaturing condition
two different vectors, of several parts of the gene fd#y affinity chromatography with glutathione or
the precursor of Sm15 and the failure of the corrédmylose matrices. The 26 kDa GSTSehistosoma
sponding fusion proteins in eliciting an antibodyiaponicum the carrier of the pGEX fusions, is rec-
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ognized by antibodies that cross-react extensivebyi expression vector was used. Antibodies raised
with the 26 kD&. mansorGST (Henkle et al. 1990), in rabbits against the Sm13 fusion protein recog-
present in the tegument and subtegumentary paized in Western blot the 13 kDa tegumental anti-
renchymal cells (Trottein et al. 1990). So, if one igen. More detailed immunochemical studies about
using the GST fusion protein as a means to raiskis atigen will be published elsewhere.

high titre antibodies or as a vaccine, the interpreta- In light of the successful results with pMal-cri
tion ofimmunological studies may be complicatedtegarding the gene for Sm13, it seems that the final
by the immune response directed against GST @atcome of strategies using expression of heter-
schistosome derived product), which has to belogous genes ifk. coli is not guaranteed. The
clearly discriminated. In this regard the use of pMalpeculiarities of the gene of interest are important
cri would be an advantage, as maltose binding prand the choice of the expression system must some-
tein does not cross-react with aBghistosoma times be decided on an empirical basis.

antigen. The limitations mentioned above can be REFERENCES

diminished if the carrier is released from the fusion

proteins by site specific cleavage. On the othetbath FGC, Simpson AJG 1990. A simple method for
hand, as GST itself is a potential vaccine candidate the recovery of purified recombinant peptides
(Dunne et al. 1995), the use of these fusion pro- clgaved from gIutfath|one-S-transferase-fu3|on pro-
teins could be advantageous and could form basj teins Peptide Re8: 167-168.

. . . SAbath FGC, Hagan P, Jeffs SA, Schechter I, Meadows
of a two-component vaccine against schistosomia-" "\ Holder AA. Simpson AJG 1993. Structure of
sis. The expression of some fragments of the gene e gene encoding$chistosoma mansopiitative
encoding the precursor for Sm15 was successfully tegumental antigen precursiol Biochem Parasitol
accomplished. The stability of fusion proteins ex-  60: 81-92.
pressed irE. coli can not always be guaranteedAbath FGC, Hagan P, Jeffs SA, Simpson AJG 1994.
On occasions, fusion proteins may be recognized Partial characterization and kinetics of expression
as foreign and degraded (Marston 1986). Some of of Sm15, aSchistosoma mansotégumental anti-
the secondary bands seen in Fig. 1 could thus con- 9en-Parasitol Res 8064-69.
sist of degradation products. It was interesting to"ung CT. Niemela SL, Miller RH 1989. One-step prepa-
note that some parts of the cDNA could be ex- ration of competenEscherichia coli transforma-

tion and storage of bacterial cells in the same solu-
pressed as more stable and abundant products tharltion Proc Natl Acad Sci USA 88172-2175

others. Dunne DW, Hagan P, Abath FGC 1995. Prospects for

Although we were very successful in jymmunological control of schistosomiaslsancet
subcloning the genes of interest in pGEX and ex- 345 1488-1492.

pressing their recombinant proteins, the antibod4enkle KJ, Davern KM, Wright MD, Ramos AJ, Mitchell
ies produced against the fusions did not recognize GF 1990. Comparison of the cloned genes of the 26-
convincingly the parasite antigen counterpart. Cu- and 28-kilodalton glutathione S-transferase3affis-
riously, these fusion proteins are recognized by tosoma japonicunand Schistosoma mansorol
rabbit anti-tegumental membraneo(R) antibod- Biochem Parasitol 423-34. _

ies (data not shown) and antibodies affinity puriLae_mmll UK 1970. Cleavage of structural proteins dur-
fied from RaM with the the product of expression N the assembly of the head of bacteriophage T4.
of the Agt11 clone A70. As yet, the reasons for _Nature 227:680-685.

these results are not clear but there are some 5 on JA, Weber JL 1988. Preparation and use of mono-
P specific antibodies selected using recombinant ex-

sible explanations: (1) the post translational modi-  hresgjon proteins adsorbed to nitrocellulose, p. 95-
fications that occur in eukariotes do not occur in - 104, |n OJ Bjerrum, NHH Heegaard (eddpgnd-
prokariotes. It is possible that these alterations are pook of Immunoblotting of Proteingpl. I1., CRC
important for immunogenicity; (2) GST, the carrier  Press. Florida.

of the pGEX vectors, seems to be veryarston AO 1986. The purification of eukaryotic
immunodominant in comparison to the recombinant polypeptides synthesized iBscherichia coli.
proteins of the gene for the Sm15 precursor (Fig. Biochem J 24Q-12. o

1A). This may interfere with the immune responseambrook J, Fritsch EF, Maniatis T 1988olecular
against the recombinant part of the fusion protein. €oning. A laboratory manuand ed. New York,
However, pMal-cri, an expression vector encoding. Cold i%réngHHarbo; L:bolia:?'r:y :lffg' éethpp. R
a different carrier also failed in raising antibodies impson » Hlagan =, Hackett =, Al T, smitners

. . . . 1990. Epitopes expressed on very low Sthisto-
forimmunochemical studies of the parasite; (3) the ¢, ha mansoridult tegumental antigens conform to

half life of some products may be very short, due to 4 general pattern of life-cycle cross-reactivitgra-
proteolytic processing. sitology 100:73-81

On the other hand, the same strategy was ussinpson AJG, Schryer MD, Cesari IM, Evans WH,
for the gene encoding Sm13. In this case the pMal- Smithers SR 1981. Isolation and partial character-



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92(5), Sep./Oct.1997 641

ization of the tegumental outer membrane of adult of polypeptides expressedHscherichia colas fu-

Schistosoma mansoarasitology 83163-177. sions with glutathione S-transferasgene 67 31-
Smithers SR, Hackett F, Braga V, Simpson AJG 1990. 40.

Immunoblotting identifies additional antigens Trottein F, Kieny MP, Verwaerde C, Torpier G, Pierce

recognised by mice protectively vaccinated with adult ~ RJ, Balloul JM, Schmitt D, Lecocq JP, Capron A

Schistosoma mansomégumental membranes. 1990. Molecular cloning and tissue distribution of a

Parasitol Res 76454-456. 26-kilodaltonSchistosoma mansogiutathione S-
Smith DB, Johnson KS 1988. Single-steep purification tranferaseMol Biochem Parasitol 4135-44.



642 Expression of Recombinant S. mansoni Antigens in E. coli * FGC Abath et al.



