Journal of Animal and Veterinary Advances 12 (4): 478-486, 2013

ISSN: 1680-5593
© Medwell Journals, 2013
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Parasitic Nematode Haemonchus contortus
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Abstract: Aldolase (ALD) was a glycolytic enzyme which catalyzes the cleavage of fiuctose 1,6-bisphosphate
to glyceraldehyde 3-phosphate and dihydroxyacetone phosphate. In the present research, the ALD gene of
Haemonchus contortus (HcALD) was first cloned and characterized Specific primers for the Rapid
Amplification of cDNA Ends (RACE) were designed based on the Expressed Sequence Tag (EST) to amplify
the 3' and 5' ends of HcALD. The full length of HeALD ¢DNA was obtained by overlapping the sequences of
3'and 5 extremities. The Open Reading Frame (ORF) of HeALD was amplification by Reverse Transcription PCR
(RT-PCR) and expressed in prokaryotic cell. Then, the biochemical activities of the recombmant HeALD protein
were analyzed by assays of enzymatic activity, thermal and pH stabilities. The result showed that the full length
c¢DNA of HcALD was 1235 bp, contaimung 27 bp of 5' Un-Transcript Region (5' UTR), 1098 bp of ORF and
110 bp of 3 UTR. The deduced amino acid sequence of HcALD was highly similarity to the ALDs from the
nematodes Caenorhabditis elegans, Brugia malayi and Onchocerca volvulus. The biochemical assay showed
that the recombinant HeATD exhibited enzymatic activity and the optimum temperature and pH for the reaction

were 40°C and 7.5, respectively.
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INTRODUCTION
Haemonchus contortus is one of the major
gastrointestinal parasites of ruminants, causing great
losses to the agricultural industry world wide (Knox et al.,
1993; Newlands et al, 2001). Parasitism by this blood
feeding nematode effects ranging
from mild anemia to mortality in amimals, primarily
lambs and kids (Nikolaou and Gasser, 2006). The
widespread emergence of H. confortus
strams  to anthelmintic drugs cumrently available
(Wolstentholme et al., 2004) has dramatically accelerated
the need for alternative, sustainable control measures.
Among them, the mmunization of small rummants
against H. contortus has been tested over the last
decades utilizing different immunizing preparations
(Knox and Smith, 2001). And some of them have been
proved for partial protective efficiency with reduced faecal
egg output and worm burdens (Smith and Munn, 1990;
Mumn et al, 1993a, b, Redmond and Knox, 2004).
However, for the difficulty to get enough native protein
and the poor protection of recombinant protemns, no
commercial vaccine against H. contorfus was made up to
date (Newton and Murm, 1999). More research should be
done on discovering protective antigens of this parasite.

causes serious

resistant

Recent showed that DNA vaccine
cysteine protease, glutathione peroxidase,
glyceraldehyde-3-phosphate dehydrogenase and
aminopeptidase of H. contortus gave partial protection
against the parasite infection with 28-38% reduction in
worm burdens (Muleke et o, 2007, Sun et al, 2011;
Han et al., 2012; Zhao et al., 2012). Parasitic nematodes
utilize glucose for energy production and glycogen is the
major substrate for energy conservation (Kohler, 1985).
These may indicate that the enzymes involving in
metabolizing of H. contorfus could be the target for

research
encoding

vaccine candidates.

Fructose-1, 6-bisphosphate Aldolase (ALD) 1s a
glycolytic enzyme which catalyzes the conversion of
Fructose-1, 6-bisphosphate  to  glyceraldehyde 3-
phosphate and dihydroxyacetone phosphate (Rutter,
1964). The enzyme is classified into two groups, class T
and II. Class T aldolase forms a covalent Schiff-base
intermediate with the substrate whereas class T aldolase
requires divalent cations for the reaction (Rutter, 1964).
There have been many reports of molecular clomng and
structural analyses of class I aldolase genes for
vertebrates including human (Rottmann ef al., 1987),
mouse (Stauffer ef af., 1990), rat (Mukai et al., 1991), frog
(Atsuchi et al., 1994), fish (Llewellyn et al, 1995) and
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chicken (Wang et al, 2007). The aldolase genes of
parsites such as Trypanosoma brucei (Clayton, 1985),

Plasmodium falciparum (Kuapp et al, 1990),
Caenorhabditis  elegans (Ilnoue et al, 1997),
Ounchocerca  volvulus  (McCarthy et al, 2002),
Brugia  malayi  (Ghedin et al, 2007) and

Schistosoma mansoni (Marques et al., 2008) have also
been cloned and analyzed. However, only an EST
of H contortus ALD has been  published
(GenBank Accession No. CB0O16007). In the current study,
researchers report the complete coding sequence of the
aldolase of this nematode (HeALD) and the enzymatic
activity of its recombinant protein.

MATERIALS AND METHODS

Parasite preparation and mRNA extraction: Adult
H. contortus worms were collected from the abomasums
of the donor goats as described earlier (Muleke et al,
2006). The nematodes were washed three times with
normal saline and stored in liquid nitrogen. Total RNA
was prepared from pooled parasites utilizing the single
step protocol (Chomezynski and Sacchi, 1987).

3' RACE and 5' RACE: Primers used for 3' and 5' RACE
were listed m Table 1 which were designed based on
H. contortus EST (GenBank accession No. CB016007) and
the primers provided in the RACE kit (TaKaRa Biotech.
Dalian, China). The oligonucleotides were synthesized by
Invitrogen Biotechnology Co., Ltd. (Shanghai, China).
The 3 end of ¢cDNA was amplified by 3' full
RACE kit (TaKaRa Biotech., Dalian, China) using the
forward gene specific primers Ald-3-F1 and Ald-3-F2. The
primary PCR System (final volume, 25 ul.) contained 2 pl.
of 3-RACE-Ready cDNA, 1.0 U LA Tag® polymerase
(TaKaRa Biotech, Dalian, China), 40 pM 1 xcDNA Dilution
Buffer IT, 50 uM 10=L.A PCR Buffer IT (Mg*' Free), 3.0 mM
MgCl, and 400 nM of each primer. The primary PCR was
performed using Ald-3-F1 and 3' outer primer followed by
treatment at 94°C (3 min), 30 cycles at 94°C (30 sec), 55°C
(30 sec) and 72°C (1 min) and a final extension at 72°C for

Table 1: Primers used in 5° and 3° RACE

10 min. The product of the reaction was used as a
template in a second PCR with primers Ald-3-F2 and
3" immer primer. This second PCR System contained the
same ingredients as the first except that it lacked the
40 uM 1 #cDNA Dilution Buffer IT and contained 400 uM
ANTP mixture. The parameters for the second PCR were
the same as those m the first run. The HcALD 3' end
fragment was then obtained.

The 5' end of the ¢cDNA was amplified by 5 RACE
PCR using the same method as the 3' RACE PCR. The
primary PCR was performed using Ald-5-R1 and 5' outer
primer with Ald-5-R2 and 5' iomer primer m the second
PCR.

Both of the products of the second PCRs were cloned
1nto the pMDI18-T vector (TaKaRa Biotech, Dalian, China)
and sequenced by Invitrogen Biotech. Co., Ltd.
(Shanghai, China). The complete sequence of the HeALD
c¢DNA was deduced from the overlapping sequences of
both amplification products using BioEdit Version 7.0.1
(T.A. Hall, North Carolina State University, USA).

Sequence analysis: Sequence similarity was studied using
the BLASTP and BLASTX (http://blast.nchi.nlm.nih.
gov/Blast.cg1). ALD protein sequences were aligned
using CLUSTALWI.82. The signal peptide, secondary
structure and protein motifs were predicted using

approaches accessible on the internet: SignalP
(http:/fwww.cbs.dtu.dk/services/SignalP/), PSIpred
(http://bioint4.cs.ucl.ac. uk:3000/psipred/), Motifscan

(http://myhits 1sb-sib.ch/cgi-bin/motif_scan), respectively.
Phylogenetic analyses among ALDs were inferred by the
Neighbor Joming (NT) Method.

Expression and purification of recombinant HcALD: The
complete H. contortus aldolase ORF was cloned using the
sequence-specific primers Ald-F (5-GGATCCATGG
CATCGTACT-3") contained a BamH T site (underlined)
and Ald-R (5-CTCGAGTCAATAGGCATGATT-3"
contained a Xho T site (underlined). The PCR reactions
(final volume, 25 uL) contamned 2 uL ¢cDNA, 2.5 U Taq
DNA polymerase (TaKaRa Biotech, Dalian, China),

Primer name __ Sequence (5'-3") Length (bp) Description

Ald-3-F1 TCCATAGATGCCAGAAGATTACC 23 Forward primer specific for 3' end of HcALD in primary PCR

Ald-3-F2 AGGGCACCAAGCCTTCTCACGAT 23 Forward primer specific for 3' end of HcALD in second PCR

3" outer primer TACCGTCGTTCCACTAGTGATIT 23 Reverse primer for 3' end of HcALD in primary PCR
(provided in 3' RACE kit)

3" inner primer CGCGGATCCTCCACTAGTGATTTCACTATAGG 32 Reverse primer for 3' end of HcALD i second PCR
(provided in 3' RACE kit)

Ald-5-R1 CAGTCTCGGTAATCTTCTGGCATCT 25 Reverse primer specific for 5' end of HcALD in primary PCR

Ald-5-R2 TGTGGGAAGGTGTGGTGGCGGAAATCT 27 Reverse primer specific for §' end of HcALD in second PCR

5' outer primer CATGGCTACATGCTGACAGCCTA 23 Forward primer for 5 end of HcALD in primary PCR
(provided in 5' RACE kit)

5" inner primer CGCGGATCCACAGCCTACTGATGATCAGTCGATG 34 Forward primer for 5 end of HcALD in second PCR

(provided in 5' RACE kit)
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1.5 mM MgCl,, 400 uM ANTP mixture, 50 uM 10xPCR
Buffer (Mg® Free) and 400 nM of each primer. Thermal
cycling was carried out at 94°C for 3 min followed by
30cycles of 94°C (45 sec), 55°C (45 sec), 72°C (75 sec) and
a final extension at 72°C for 10 min.

The amplicon was cloned into the pMD18-T vector.
Then, the recombinants were digested with BamH I and
Xho T and the target gene was subcloned into the
bacterial expression vector pET32a (+) (Novagen, USA)
using the standard method. The recombinant plasmid was
sequenced to confirm that the HeALD insert was in the
proper reading frame and without PCR errors. The
recombinant plasmid pET32a (+)YHcALD was transferred
mto competent £. coli BL21 (DE3) and the recombinant
protein was induced and expressed by addition of 1 mM
Isopropyl Thiogalactoside (IPT G, Sigma-aldrich, USA) to
the cell culture after the OD600 of the culture reached
0.5 at 37°C. The cells were mcubated at 37°C for 5 h after
the addition of IPTG. The cell lysates were prepared by
sonication and analyzed by SDS-PAGE using 12% gels to
confirm the distribution of the expressed recombinant
protein.

To purify the recombinant protein, induced E. coli
cells were harvested by centrifugation and sonicated for
15 min on ice. After centrifugation at 10,000xg, the
supernatant was added to a Ni*-Nitrilotriacetic Acid
(Ni1-NTA) column (GE Healthcare, USA) and purified
according to the manufacturer’s mstructions. An elution
buffer (300 mM NaCl, 40 mM NaH,PO,, pH 8.0) contaimng
400 mM of imidazole was used to wash the His-tagged
proteins from the Ni-NTA column. Purity of the protein
was detected by 12% SDS-PAGE and the concentration of
purified protein was determined according to the Bradford
procedure (Bradford, 1976) using Bovine Serum Albumin
(BSA) as a standard. The protein was stored at -20°C in
500 glycerol for later use.

Western blot analysis: After electrophoresis in
SDS-PAGE (12% w/v), Western blotting was performed.
Recombinant proteins were electrophoretically transferred
from the gel to a nitrocellulose filter (Sigma, USA). The
blots were then mncubated for 1 h in blocking solution
containing 5% (w/v) fat-free dry malk, 0.1 M PBST (pH 8.0)
and 0.05% (v/v) Tween-20 and incubated with the primary
antibodies (goat sera, collected from native goats infected
with H. contortus.) for 1 hat 37°C (dilutions 1:100 to goat
sera in 5% (w/v) fat-free milk/PBST). The membrane was
washed 4 times for 10 min each in PBST and then
incubated with the second antibody (HRP-conjugated
rabbit anti-goat IgG, Sigma Immuno-Chemicals) in 1:5000
dilution of 5% milk powder/PBST for 1 hat37°C. After
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four rounds (10 min each round) of washing with
PBST, the immuno-reaction was visualized using freshly
prepared DAB (Sigma) as a chromogenic substrate
after 2-5 mm.

Determination of the recombinant HcALD activity and
the optimal pH and temperature for the enzyme
reaction: The ALD activity of the purified recombinant
protein  (HeALD) was measured according to the
method of Rajlumar (1966) with
modifications. About 1 mL reaction mixture contained
50 mM Triethanolamine-HC1 buffer (pH 7.5), 0.2 mM
NADH, 2 mM Fructose-1,6-bisphosphate  (Sigma,
USA), 100 ug BSA, 76 Unite of g-Glycero phosphate
dehydrogenase (Sigma, USA), 480 U Trosephosphate
1somerase (Sigma, USA) and 50 ng HcALD (purified
recombinant protein)

To determine the apparent optimal temperature,
reactions were carried out at temperatures of 20, 30,
40, 50, 60 and 70°C using a thermostated cuvette holder
connected to a refrigerated bath circulator. To determine
the optimal pH, 50 mM Triethanolamine-HC1 buffer of pH
6.0,6.5,7.0,7.5,8.08.5 and 9.0 was used and the reaction
was carried out for 3 min after the addition of 50 ng
recombinant HcALD protein. The changes in absorbency

et al sorme

were monitored at 340 nm before the addition of the
recombinant protein and at the end of the reaction.

One umt of enzyme activity was defined as the
amount of enzyme that catalyzed the reduction of 1 pmol
of fructose-1,6-bisphosphate per min under the conditions
used. Meanwhile, the protem extracted from E. coli
transformed with pET 32a(+) (empty vector) was used as
negative control.

RESULTS AND DISCUSSION

Cloning and sequence analysis of HcALD: By
overlapping the 3' and 5' RACE fragments, a 1235 bp
transcript was obtained. A 22 bp Spliced Leader sequence
(SL1) was 1dentified at the 5' end. The 27 bp 5' UTR was
detected before the ATG muitiation codon followed by a
1098 bp ORF terminated with the TGA stop codon. At the
3" end of the cDNA, 110 bp of 3' UTR with a poly-A
tail (11 bp long) was found (Fig. 1). The ORF was found to
encode a protein of 365 amino acids with a molecular mass
of 39,697 Da, the deduced theoretical pI of the protein was
7.77. By analysis with the SignalP, no signal peptide was
found in the predicted protein. Motifscan analysis
showed that an enzymatic activity site of aldolase
(** zotemme ) was present in this putative protein

(Fig. 2).
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faaagetitaaltarrraagtt tragye
1 ATGGCATCGCACTCACAGT ACCTCACC ARG AR A AR CACGAMCTTCGOGGCATCGCA
M & 5 HE5Q Y LTUETEH®QETTETLTET®GTIA

B1  ARTGCGATCGTAGCCCCT G ARG T TCTCGC TGO TGAT G TCCACT GiA T AT G
Fa IV PG EGGIULAWAIDET?SIZTTGGSINM
121 GAT bG8 TGC 848 BC AT CGGT ACCEAGARC ACCTAMGAGT AR CTACGH b AGT AC A
I EENMNQg I TEWMHWNTETEH®REEZETHER
181 CAGCTTTTGTTCACTGCARGTCC TG TGAGT AMGCACATTTCTGETGT GATCATGTTC
R LLFTAH"STFEMNMSEHTIZSIZOGYIMNTEF
241  CACGAGACCTTCTACCAGARGACCGATGAT GARCACGT TTCGTTGACGTGTTC Ak b A G
HETT FTgg KETTDDGTUERTFUVY¥YD V¥ L KK
301 CAGGGOGTCATTCOGGEAMT CAMGET AAC ARG TETCGTTCCT AT GGCC GET ACCGT A
g % I F ¢ I KYDEZ GGY¥YY¥YFM®NALAGTY
381 GOAGARANGET ACTACTCARGGEAAT GEACGAT CTTAATGCTCGTTGT GUTCAGT AT ANGANG
 E¢ T T g ¢ M DDLHFAERTCORLRTEE
421 GATGGTGCTCAATTCGOCAMGTGECGTTGT T TCAT ARGATTTCOGCCACCACACCTTCC
n & &5 F & EYY RC V¥ HETIZSSATTTEF S
481 CACATGGCTCTTGTTGAMMT TG CGAGT ACTCGCTCGETAT GOCTC T ATC TGCC AGT Ak
HM®N&L V¥V EI & EV¥VLAERTYAZSIITCS® QAR
541 AATGEATTGGTTCCTATTGTCGAG LA TTCTTEC AGAT GG GC AT GACATCCAT
¥ L ¥ P I ¥ EPFPETITLT FTIDGEUHTTIH
B0l AGATGECAGARGAT TACCGAGACTGTCTTGTCTTACT GTTACAGRGCCCTC ARCGACC AT
ECHR EITTETUY¥YULSTYCTYTEREMLLUEKETDH
BE1 CACGTCTATCTTGAAGGAMCCCTACTCanaCCoERATATGET AMCT GO TGGECAAGEGTTC
H¥Y YT LEOGGTULULIETFHNVYTAOGI AT
TZ1 GG ACCARGCCTTCTCACGAT AR T TGCTCTGECCACCGT AR AGTCCT AC MG GA
EeT K F 3 HDETs~LATUV¥VTHILDAER
T8l GCAGTTCCCGCAGETGTTCCT GaAGT AGT GT TCCTCT oG AT CC G AGAGAT
o# ¥ F & &Y F o ¥ ¥ F LGS GGQ 3 EET
41 GUCACTCTCARCT TGANCGCCAT GAACHAGCTTC ARACTAAGARMCCATGGHGTTTAC A
A TLHLKFAMAMHNBETLAGAGTZEZETFNW A LT
901  TTCTCATACGGTCGAGCTCT ACAGGC ATCGECT ATGECARANT GETCCGARMAGATGAG
F 1T ¢ R ALGSB AS AN AEY I ¢ EDE
961 AACGTACCAGETGETANGGCTGTTTTCAT G ARMGAGC AT AGGT AR MCTCACTGHCTGC A

F ¥ P A A E ALV FNROQEARJALHNFSISL AA
1021 CTTGHCAMATACTCTGGETGATCC AMATGCCGAC ARG AMGCTTCACAGTCTCTATTCGT

L&EK Y S G¢DPHADEKEALAALSQSLFYVW
10581 GCAMATCATGCCTATTGA

AHH AT %
tetrerlaarar ltagaanagragreaalietrgargtgtritgatgatgtattiglgaatagraaa

tagtlagagatgaatagatgaagatigt ngtrgt

Fig. 1: Nucleotide sequence of the HcALD ¢cDNA and its deduced amino acid (GenBank accession No. HQ529288). The
coding region (ORF) was shown in capital letter, starts at nt 1 and ends at nt 1098. The ATG start codon and the
TAA stop codon were bold and underlined. The 5' and 3' UTR were showed in small letters. SL1 sequence at the
5" end was underlined and the polyadenylation at the 3' end was boxed

Alignment of multiple ALD sequences: Alignment of the
predicted amino acid sequence of H. contfortus aldolase
with these from other animals showed that this protein
had a significant similarity (65-80% identical at the amino
acid level) with AT.Ds in nematodes and mammals (Fig. 2).
The similarity of this protein to aldolase of C. elegans
was 80%. Phylogenetic analysis of the various ALD was
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performed by the Neighbor Joimng (NT) Method (Fig. 3).
HcALD was phylogenetically close to the ALD from
C. elegans and remotely related to that from clam.

Expression and purification of recombinant protein:
SDS-PAGE showed that the recombinant protein was
mostly found in the sonicated bacterial supernatant. After
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Rabbit ~XHSHPALTPEQKKELSDIAHRIVAPGKGI QSIGTENTEENRRFYR 59
Homo HPYQYPALTPEQKKELSDIAHRIVAPGKGI QSIGTENTEENRRFYR 60
Mus MPHPYPALTPEQKKELSDIAHRIVAPGKGI ; QSIGTENTEENRRFYR 60
Brugia NTSYSQFLTDAQKDELRQIANQIVTPGKGI FMDKKLKPICLENVEENRRLYR. 60
Onchocerca KTSYSQFLTDAQKDELRKIANQIVTPGRCY BMDKKLKPIGLENVEENRRLYR 60
HCALD MASHSQYLTKEQEDELRGIANAIVAPGRGI BMDKIMONIGTENTEEQRRKYR 60
Caenorhabditis MASYSQFLTRAQEDELRSIANAIVTPGRGI BMDKRLNSIGLENTEENRRKYR 60
Bombyx HSTYFQYPTIZLOEELRKIAGATVAPAROT RLQDIGVENTEENRRRYR 60
[ L "I': I":I TEEREREER HH ":: " "‘I'I':I'I' -r

Rabbit QLLLTADDRVNPCIGGVILFHETLYQKADDGRPFPQVIKSKGGVVGIKVDKGVVPLAGTH 119
Homo QLLLTADDRVNPCIGGVILFHETLYQKADDGRPFPQVIKSKGGVVGIKVDKGYVPLAGTH 120
Mus QLLLTADDRVNPCIGGVILFHETLYQKADDGRPFPOVIKSKGGVVGIKVDKGYVPLAGTH 120
Brugis QLLFTAGDEMSKYISGVIMFHETFYQKADDGTPFVOVLOKKGILPGIKVDKGYIPHAGTY 120
onchocerca QLLFTAGDEMSKYISGVIMFHETFYQKGDDGTPFVQILOKKGILPGIKVDRGYIPHAGTY 120
HeALD QLLFTASPEMSKHISGVIMFHETFYQKTDD GTRFVDVLKKQGVIPGIKVDRGYVPMAGTY 120
Caenorhabditis QLLFTAGADLNKYISGVIMFHETFYQKTDDGKPFTALLOQEQGIIPGIKVDKGYVPMAGTI 120
Bombyx QLLFSSDAVLSENTSGVILFHETLYQRADDGTPLVSLLEKKGITPGIR VPLFGSE 120

Te®r sz, H AR ATNT;NET FE® : zzz: Ld * 3 *3

i #

Rabbit GETTTQGLDGLSERCAQYRKDGAD FARVRCYLKIGEHTPSALATMENANVL -ARYASICQ 178
Homo GETTTQGLDGLSERCAQYKKDGAD FAKVRCYLKIGEHTPSALAIMENANVL-ARYASICQ 179
Mus GETTTQGLDGLSERCAQYKKDGADF, ' VRCVLKIGEHTPSALAIMENANVL-ARYASICQ 179
Brugia GEGTTQGLDDLNNRCAQYKKDGAQFAR WFCVERIGATTPSHMALVETAEVL-ARYASICQ 179
Onchocerca GEGTTQGLDDLNSRCAQYKKDGAQFAKVRC VEKIGATTPSEMALVE IAEVL-ARYASICQ 179
HcALD GEGTTQGMDDLNARCAQYKRDGAQFARVRCVERISATTPSEMALVEIAEVL-ARYASICQ 179
Caenorhabditis GEGTTQGLDDLNARCAQYRKDGAQFAKVRCVERISSTTPSVTALKEIASNLGSRYASICQ 180
Boubyx DECTTUCLDDLAQRCAQYRRDGCHF ARUHCVLKI GRRTPSYQATQERANYL-ARYASICQ 179

LT EEEER R K AAXXXEEEY  _* xEre T Ew * K, KX cATTTETEY

#

Rabbit QNGIVPIVEPEILPDGDHDLKRCQYVTEKVLAAVYKALSDHHI
Homo RNGIVPIVEPEILPDGDHDLKRCQYVTEKYLAAVYKALSDHHIYY
Mus OUNGIVPIVEPGILPDGDHDLKRCQYVTEKVLAAVYRALSD
Brugia QHGLVPIVEPETLPDGEHDLHRCQEVTELVLSYTYKALID!
Onchocerca QHGLVPIVEPETLPDGEHDVHRCQEVTELVLSYTYKALID)
HCALD QNGLYPIVEPEILPDGEHD IHRCQKITETVLSYCYRALND!
Caenorhabditis QNGLVPIVEPEILPDGEHCLARGQRITETVLSYVYHALNE
Boubyx SQRIVPIVEPEVLPDGEHDLDRAQKVTEVVLAAVYKALND!

: EEW® EXXX:X + ¥ X T TE; TyET 2 ®E2:

i

Rabbit CTQ-KYSHEEIAMATVTALRRTVP PAVTGVTFLSCGQSEEEASINLNAINKCPLLKPWAL 297
Homo CTQ-KFSHEETAMATVTALRRTVPPAVTGITFLSGGQSEEEASINLNATNKCPLLEKPVAL 298
Mus CTQ-KFSNEEIAMATVTALRRTVPPAVTGVTFLSGGQSEEEASINLNAINKCPLLKPVAL 296
Brugia YKG-QCSHEDTARATVTALQRTVPVAVPGIVF[LSGGQSEEDATLNLNAINQFPGKKPUAL 298
Onchocerca FRG-QCSHEETARATVTALQRTVPVAVPGIVFLSGGUSEEDATLNLNAINQFPGEKPVAL 298
HCALD FKGTKPSHDE TALATVTALQRAYPAAYPGVVFLSGGQSEEDATLNLNAMNKLQTKKPWAL 299
Caenochabditis FTGEKPSNADIGLATVTALQRGYPSAVPGYVFLSGGQSEEDATLNLNAINQVSGKKPVAL 300
Bombyx CKK-TYTPNDVARATVTALLRTVPAAVPGVTFLSGGQSEEEASVHLNAINAVDLKRPUVL 298

- ] 2, TEXXXER ¥ TF TT _T: ERTRRERETX W XAN N LA

# i

Rabbit FSYCHALQASALKAWGGKKENLKAAEE YVKRALANS LACQGKYTSSGUAGARASESLF 357
Homo 5! QASALKAWGGKKENLFAAQEEYVERALANSLACQGKYTPSGQAGAAASESLF 358
Mus FSYGRALQASALKAWGGKKENLKAAQEE Y IKRALAKS LACQGKYTPSGQSGARASESLF 358
Brugia FSYGRALQASALAAWGGKLEN T QAAKEAFLKRAQANS LAQLGKYAGGAGSG-ARAQHLY 357
Onchocerca FSYGRALQASALAAWGGKPENT QAAKEAF LKRAQA SLAQLGKYTGGAGSG-AAGENLY 357
HcALD id QASAMAKWSGKDENVPAAKAVFHQRAQANSLAALGKYSGDPNADKAASQSLF 359
Caenorhabditis FEHCR, QASCLAKWAGKDENIAAAQEVLLHRAQVNILASVGKYTGDASADAAASQSLF 360
Bombyx SNGRALOASVLRAWGGKTENT LAGQQE L TKRAKANGLAAVGKYVAGSTPSLAASKSNF 358

.. AR o AN AN: W . L L LA L] 5 e WE_.
Rabbit ISNHAY 363
Homo VSHHAY 364
Mus ISKHAY 364
Brugia VANHAY 363
Onchocerca IANHAY 363
HcALD VANHAY 365
Caenorhabditis VANHSY 366
Bombyx

VESHAY 364

Fig. 2: CLUSTAL multiple sequence alignment of the deduced amino acid sequence of aldolase from H. contortus
(HcALD), Rabbit (Oryetolagus curiculus, 1 ADO_A), Homo (Homo sapiens, CAGA46678.1), Mus (Mus musculus,
AAHG66218.1), Brugia (Brugia malayi, XM 001894495.1), Onchocerca (Onchocerca volvulus, AF155220.1)
Caenorhabditis (Caenorhabditis elegans, P54216.1) Bombyx (Bombyx mori, NP_001091766.1). Identical residues
are marked with asterisks (*). The dashes (-) demonstrate gaps introduced between the sequences. Amino acid
residues essential to the enzymatic activity of ALD are indicated in the black box. The conserved residues play
roles in enzymatic activities were boxed blue and marked with hash marks (#) above the aligned sequences
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Human (CAG46678)
Rabbit (LADO_A)

Mouse (AAH66218)
Clawed frog (NP_001080387)
Goldfish (P53448)
HeALD (HO329288)

C. elegans (P54216)

B. malayi (XM_001894495)
O. volvulus (AF155220)
Fruit fly (XM_001955806)
Silkworm (NP_001091766)
Mosquito (XP_001651423)

Clam (ADP37376)

30 25

20 15

10

Nucleotide substitutions (x100)

0

Fig. 3: Phylogenic trees inferred from homologies of ALD amino acid sequences utilizing the NT Method. The scale bar
represents one amino acid substitution/1 00 amino acid residues. The ALDs are represented by the name of their
species. In parentheses, amino acid database accession numbers are listed. NT analysis was carried out using the

program CLUSTAL W Version 1.8

purification from the supernatant by chromatography on
the Ni-NTA, the protein was seen as a single band with
the molecular mass of 58 kDa on the SDS-PAGE gel
(Fig. 4, lane 9). Because of the 18 kDa fused protein in the
vector, the recombinant protein’s molecular weight was
more than the value of 39,697 Da calculated based on the
deduced amino acid sequence.

Western blot: The immunoblotting results showed that
the HeALD was recognized by sera from goat naturally
infected with H. contortus (Fig. 5). This may indicated that
HcALD could be excreted or secreted by the parasite
during the mfection.

Enzymatic activity assay: In the enzymatic activity
assay, the purified protein yielded a specific activity
of 13 U mg™". The assay showed that temperatures
varying between 35 and 45°C did not greatly affect
enzymatic activity. However, thermal inactivation
occurred above 60°C and resulted in losing of the most
activity at 70°C (Fig. 6a). Studies on the effect of
temperature on enzymatic activity revealed an optimal
value of about 40°C. The optimal pH assay indicated that
this recombinant protein exhibited the highest aldolase
activity at about pH 7.5 (Fig. 6b). When the pH was higher
above 8.0, the HcALD displayed a sharp decrease in
catalytic activity. However, the enzymatic activity
decreased not so sharply when pH varied between 6
and 7.

A number of aldolases have been isolated from a
wide range of nematodes (Tnoue et al., 1997, Ghedin et al.,
2007; McCarthy et al., 2002). However, there are only
limited reports on Haemonchus contorius aldolase.
For the fust time m the present study, researchers
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Fig. 4: Expression and purification of HeALD protein. Gels
were stamned with Coomassie blue and 15 pL
samples were loaded per lane. Lane M: standard
protein molecular weight marker, Lanel-6: E. coli
(BL 21strain) transformed by recombinant plasmid
PET32a (+)/HeALD was induced by IPTG for 0, 1,
2, 3, 4 and 5 h, respectively the fusion protein
weighted about 58 kDa was marked with an
arrowhead. Lane 7-8: E. coli (BL 21 strain)
transformed by pET-32a empty expression vector
(negative control) induction with TPTG for 0
and 5 h, respectively, Lane 9: Purified recombinant
HcALD  fractions Ni-NTA  affinity
chromatography

after

reported the cloning, expression and characterization of a
H. confortus ¢cDNA sequence that encodes a 40 kDa
protein.

Based on multiple sequence alignment of
ALDs, the predicted amino acid sequence of the HcATLD
had an B80% identity with ALD of Caenorhabditis
elegans and comparable similarity to other species:
Caenorhabditis briggsae (79%), Brugia malayi (79%)
and Onchocerca volvulus (78%). All of these indicated a
high level of identity to members of the aldolase class I
family. The primary sequence of HcALD revealed several
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Fig. 5. Western blotting analysis of recombinant
HcALD protein with sera from goat infected with
H. contortus naturally (Lane 1, marked with an
arrowhead). Lane M: standard protein molecular

weight marker

structural features characterisic of ALDs mcluding
conserved amino acid residues Asp™, Lys'", Arg'®,
Lys™, Ser™, Gly"™, Arg™ and the terminal Tyr’® which
were thought to be mvolved in catalysis. The residues
surrounding the active site residue Lys*” namely
B emiemne > exactly matched the consensus sequence
that was conserved i both prokaryotic and eukaryotic
ALDs. Finally, these results were further strengthened
by the in vitro test showing that the recombinant
HcALD protein had the enzymatic activity of Fructose-1,
6-bisphosphate aldolase. All of the above results
suggested that it was a member of the
family.

In this investigation, the mRNA coding for HcALD in
H. contortus was shown to be preceded by a spliced
leader. The 22 nucleotides at the 5'-end of mature mRIWNA
of. HcALD were identical to the trans-spliced leader SI.1
of C. elegans. In C. elegans, trans-splicing of mRNAs is
a common phenomenon with at least 70% of mRNAs
having an SL1 sequence (Zoro et af., 1994). Additionally,
SL1 tends to be spliced very close to the translation start
site. It plays major roles in the formation of the optimal
length of 5 UTR in mature mRN A and in the formation of
nucleotide constructs that benefit the translation of genes
(Stoverand Steele, 2001, Williams et al., 1999). In this

aldolase
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161 (@) --- Negative control

— Recombinant aldolase

Enzyme activity (U mg ')

Enzyme activity (U mg ")

24
Fig. 6: Effect of temperature and pH variations on relative
activity of purified H. confortus Aldolase
(HeALD). a) Enzyme activity of purified HcALD
was tested at a temperature range from 20-70°C,
revealing the effects of the most suitable
temperature, b) Relative enzymatic activity of

purified aldolase was measured in the
Triethanolamine-HCl buffer using pH range
6.0-9.0

study, researchers have shown that the presence of SLL1
genes in H. contorfus results m mRNA containing an SL1
sequence at its 5' end.

No signal sequence was found in this deduced
protemn indicating that it might be an intra-cellular protem.
However, recombinant HcALD could be detected by
the sera of infected goats in western blot assay. These
observations appear to be contradictory. One possible
explanation 1s that the HcALD enzyme could be released
from the worm during the molting. In the earlier study, it
was found that aldolase of Onchocerca volvulus was
located in the body wall and the reproductive tract of
adult females and the immunoelectron microscopy of
O. volvulus 1.3 demonstrated binding in the region where
the cuticle separates during molting in the channels
comnecting the esophagus to the cuticle and m the basal
lamina surrounding the esophagus and the body cavity
(McCarthy et al., 2002). Another possibility is that the
HcALD from the dead
absorbed by the host and recognized by the host immune

adult parasite could be
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system. The similar phenomenal was found in
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH)
from the same parasite (Han ef al., 2011).

Tt was reported by Rhodes (1972) that aldolase could
be the target of some anthelmintic drugs. Another similar
study proved that the activities of enzymes participated
m glycolytic cyeles could be mlubited by tetramisole
in vitro (Kaur and Sood, 1982). McCarthy et al. (2002)
found that mouse immunized by recombinant aldolase of
O. volvulus gave 50% of protection in reduction of
swvival larvae. These observations provided support for
the further study of parasite enzyme as a vaccine
candidate.

CONCLUSION

In this study, it was also found that the recombinant
HcALD could be recognized by the serum from naturally
mnfected goats. This indicated that HcALD may be
excreted or secreted by the parasite during the fection.
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