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Table 1 Demographic features and clinical course of those treated with primaquine (n = 18).

Time between

Body , . . . completion of acute Dqse of (]))fu;gt[it:ﬁ Adverse
Case Age Gender weight C(:)Iilt;?gted ?fairel: Parasneriua Sclgéozt& phase the1"apy apd b nrina— quine Gg&[t) effrei;f‘ ?f Relapse
(kg) ¢ s Spec ey () © start of primaquine therapy activity - prima
therapy (days) (mg/day) (days) quine
1. 24 M 60  Uganda P. ovale 690 002 cloroquine 4 15 14 N.D. (-) (—)
2. 3 M 55  Papua New P.vivax 8700 0.2  cloroguine -2 30 14 N.D. (-) (-)
Guinea
3. 3 M 59 Indonesia P.vivax 9080 02  mefloquine 7 30 14 Normal (-) (-)
4. 21 F 51  Malaysia P.vivax 240 0.005 cloroquine -2 30 14 Normal (-) (-)
5 28 M 86  Brazil P.vivax 32000 074 cloroquine 1 15 14 Normal (—) (-)
6. 21 M 58  Uganda P. ovale 50 0.0009 atovaquone/ 05 15 14 Normal (—) (-)
proguanil
7. 20 M N.D. India P.vivax 3190 006 cloroquine 1 15 14 Normal (-) (-)
8 29 M 84  India P.vivax 19920 04  cloroquine 30 14 Normal (-) (-)
9. 25 M 55  Papua New P.vivax 4980 01  artemether/ 2 30 14 Normal  (-) (—)
Guinea lumefantrine
10. 22 F 46  India P.vivax 2260 006 cloroquine 47 30 14 Normal (-) (=)
1. 22 F 61 Ghana P.ovale 3150 008 clorogquine 35 15 14 Normal (—-) (—)
12. 62 M 70  French P.vivax 15700 034 cloroquine 35 15 14 Normal (—) (=)
Guiana
13. 36 M 75  Uganda P.ovale 170 0.0035 mefloquine 25 15 14 Normal  (-) (-)
14. 23 F N.D. Ghana P.ovale 470 001 mefloguine 3 15 14 Normal (-) (-)
15, 25 M 635 Brazil P.vivax 5260 0.1  mefloquine 6 15 14 Normal  (-) (+)
15*. 26 M 60  Brazil P.vivax 2920 006 mefloquine 2 30 14 Normal (=) (-)
6. 30 M 67.7 Indonesia P.vivax 4,260 009 mefloquine 25 30 14 Normal (=) (=)
17. 20 M 65  India P.vivax 14,780 0.33 mefloquine 6.5 30 14 Normal (-) (—)
18, 36 M 80  Papua New P.vivax 930 002 mefloquine 225 30 14 Normal (-) {(-)

Guinea

ND.

No data; *Relapse

Table 2 Laboratory data on relapsed case

admission
WBC 9920 /pL LDH - 537 IU/L
RBC 526 x 10* /uL ALP 352 IU/L
Hb 159 g/dL BUN 60 mg/dL
Hct 428 % Cr 0.84 mg/dL
Pit 79x10* /uL Na 137 mEq/L
T-Bil 1.7 mg/dL K 36 mEq/L
AST 124 1U/L BS 101 mg/dL
ALT 193 TU/L CRP 3.76 mg/dL

7uF yRERT 2 HEPS, FUFr 0me iR
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Eha?,

ZHE<IVT, BIXUIE~9Y 7OREHEEL
LC, BUEE#ER L X Tnwb 7Y v 15mg Hidk
/% 14 BREZE 27803, PIBRSHo 1952 4

ICREIE#EARRE (FDA ; Food and Drug Admini-
stration) 2%, B PEBHEOZHE# <Y 7EBRIZ
WNEAEEE, 77U BRKEARSVEENS
SEAED GOPD BEERFZICBI 2 REM & EICFET
L72bDTHB". 20k, KRBT ITRNT7=a—
Fo7PRrEDFET7TOEABTTY 7T, EER
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B L-ZHB<ZY 7 LTIR, SHE®D 30mg
WH/H %2 14 HEHRS T2 HEVHERSRTE LY. Z
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FARERERS (WHO ; World Health Organization) X,
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Clinical Experience of Primaquine Use for Treatment of Vivax and Ovale Malaria in Japanese Travelers

Taiichiro KOBAYASHI”, Yasuyuki KATO", Yuko YAMAUCHI", Mugen UJIIE’, Nozomi TAKESHITA®,
Yasutaka MIZUNO"*, Shuzo KANAGAWA?P, Shigeyuki KANO? & Norio OHMAGARI”
"Disease Control and Prevention Center, National Center for Global Health and Medicine,
IDepartment of Tropical Medicine and Malaria, Research Institute, National Center for Global Health and Medicine,
*Present Affiliation : Department of Infection Control and Prevention, Tokyo Medical University Hospital

Primaquine phosphate has been used to prevent relapse as a radical cure after the acute-phase treat-
ment of vivax and ovale malaria however. Many vivax malaria relapses have been reported following a stan-
dard dose of primaquine (15mg/day for 14 days). A higher dose of primaquine (30mg/day for 14 days) de-
creases the relapse rate, and the concomitant risk of gastrointestinal side effects tends to disappear when
the drug is administered with food. G6PD deficiency is rare in the Japanese population. Although the re-
lapsed phenomenon is reported globally, the higher dose of primaquine is currently recommended in Japan
only for those returning from Southeast Asia or Papua New Guinea.

Cases of 18 Japanese, including 13 vivax malaria and 5 ovale malaria, prescribed primaquine at a refer-
ral center in Japan, were analyzed retrospectively from 2007-2011. Data on diagnosis, treatment, and out-
come were extracted from medical records. Of the 18, 10 with vivax malaria were administered the higher
dose of primaquine. We found that only one suffered relapse-a vivax malarial case returning from Brazil and
treated with the standard dose of primaquine. No ovale malarial case suffered relapse. None, including the
10 prescribed the higher primaquine dose, experienced any adverse side effects.

Based on our findings, we recommend a higher dose of primaquine be used to prevent relapse when
treating Japanese suffering from vivax malaria.
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Free-living infective larvae of Strongyloides nematodes fulfill a number of requirements for the successful
infection. They need to endure a long wait in harsh environmental conditions, like temperature, salinity, and pH,
which might change drastically from time to time. Infective larvae also have to deal with pathogens and
potentially hazardous free-living microbes in the environment. In addition, infective larvae must recognize the
adequate host properly, and start skin penetration as quickly as possible. All these tasks are essentially important

Keywords: for the survival of Strongyloides nematodes, however, our knowledge is extremely limited in any one of these
Strongyloides aspects. In order to understand how Strongyloides infective larvae meet these requirements, we examined
Nematode transcripts of infective larvae by randomly sequencing ¢cDNA clones constructed from S. venezuelensis infective

Infective larva larvae. After assembling successfully sequenced clones, we obtained 162 unique singletons and contigs, of which
EST 84 had been significantly annotated. Annotated genes included those for respiratory enzymes, heat-shock
proteins, neuromuscular proteins, proteases, and immunodominant antigens. Genes for lipase, small heat-shock
protein, giobin-like protein and cytochrome ¢ oxidase were most abundantly transcribed, though genes of
unknown functions were also abundantly transcribed. There were no hits found against NCBI or NEMABASE4 for
37 (22.3%) EST out of the total 162 EST. Although most of the transcripts were not infective larva-specific, the
expression of respiration related proteins was most actively transcribed in the infective larva stage. The
expression of astacin-like metalloprotease, small heat-shock protein, S. stercoralis L3Nie antigen homologue, and
one unannotated and 2 novel genes was highly specific for the infective larva stage.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction First, they are required to endure physical and chemical conditions

among them. Temperature, salinity, and pH might change drastically
during the wait and chemical compounds could contaminate their
surroundings. Second, they have to get rid of or get along with pathogens
and potentially hazardous free-living microbes. Among them are various
kinds of viruses, bacteria, parasites, and fungi. Infective larvae should be
equipped with a kind of defense mechanisms as free-living nematodes

Strongyloidiasis is endemic in tropical and subtropical regions, such
as Southeast Asia, Latin-America, and sub-Saharan Africa, and endemic
foci are present in temperate countries as well, e.g. Mediterranean coast
of Spain, southern United States, and Satsunann-Ryukyu Islands in Japan
[1-3]. Hundreds of millions of people have been possibly affected

globally, though no precise estimate is available,

The key for the control of strongyloidiasis is in the infective larva
because the infection starts with this stage of the worm. Free-living
infective larvae develop from eggs deposited by free-living females in
the soil or parasitic females in the infected host. Infective larvae then
wait a host to be infected for some time in the external environment.
Considering the life of infective larvae, they obviously face a number
of hard tasks before they finally find the host.

* Corresponding author. 5200 Kihara, Kiyotake, Miyazaki 889-1692, Japan. Tel.: +81
985 85 0990; fax: +81 985 84 3887.
E-mail address: hikomaru@med.miyazaki-u.acjp (H. Maruyama).

1383-5769/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.parint.2010.10.007

are [4,5]. Otherwise they would be heavily infected before they infect the
host. In addition to the protection against a number of environmental
factors, they must recognize appropriate host animals and start skin
penetration as quickly as possible. Failure in host-finding and infection
processes would result in the extinction of the species.

Strongyloides infective larvae definitely have solutions to all of the
problems and situations described above, however, little is known about
their survival and infection strategies [6]. It would be of great scientific
and practical significance to understand the biological processes taking
place in Strongyloides infective larvae. For example, because infection
control cannot be done solely with a mass treatment of humans and
animals due to the adverse side effects of drugs on biological diversity,
new strategies to control the infection have to be explored based on the
biology of the nematodes {7,8].
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In the present study, we examined the transcripts of infective
larvae by randomly sequencing cDNA clones to clarify the biological
processes activated in S. venezuelensis infective larvae. We found that
the transcripts for respiratory enzymes, heat-shock proteins, neuro-
muscular proteins, proteases for infection, and an autophagy-related
protein were observed. In addition, infective larvae of S. venezuelensis
abundantly expressed genes which cannot be found in nucleotide
databases with significant match. Further analysis of these molecules
of unknown functions would greatly facilitate our understanding of
the survival strategy of Strongyloides nematodes.

2. Materials and methods
2.1. Parasites and animals

Strongyloides venezuelensis has been maintained in male Wistar rats in
the Division of Parasitology, Department of Infectious Diseases, University
of Miyazaki [9]. ICR mice and Wistar rats were purchased from Kyudo
(Kumamoto, Japan). All animals were kept and handled under the
approval of the Animal Experiment Committee, University of Miyazaki.
The third-stage infective larvae (L3i) were obtained from faecal culture by
the filter paper method [10]. L3i were used right after they emerged from
the feces (2-3 days after starting faecal culture). Parasitic adult female
worms were collected from infected rats 8-10 days post infection (p..)
[11].

Preparation of larvae in different developmental stages was carried
out as previously described [12]. Lung-stage larvae (LL3) were collected
as follows; male ICR mice were subcutaneously inoculated with 30,000
L3i, and lungs were removed 72-75 h p.i.,, homogenized with a Polytron
PT-MR3000 (Kinematica AG, Littau, Switzerland) at 20,000 rpm for a
few seconds. Lung homogenates were wrapped with Kimwipe papers
and incubated in phosphate-buffered saline (PBS) at 37 °C for 1.5 h and
emerging worms were collected. Since S. venezuelensis has been
reported to molt twice in the intestinal mucosa, we designated lung
larvae as LL3 [13]. For the preparation of tissue-migrating larvae (L3tm),
L3i were injected into the peritoneal cavity of ICR mice, and recovered
20 h p.i. from the peritoneal cavity.

Collected worms were washed with sterile distilled water or PBS
extensively, pelleted at the bottom of 2 ml centrifuge tubes then
stored at —80 °C until used for RNA preparation (see below).

Table 1
Primer sequences for real-time PCR.

2.2. cDNA library construction

Infective larvae were homogenized in TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) with glass beads for 1.5-2.5min by a Mini-
BeadBeater (Bio Spec Products, Bartlesville, OK, USA), followed by
total RNA purification according to the manufacturer's instruction. After
treatment with DNasel (Promega, Madison, WI), poly (A)* RNA was
purified with GenElute mRNA Miniprep Kit (Sigma, Saint Louis, MO).

A ¢DNA library was constructed using a SMART cDNA library
construction kit (Clontech, Mountain View, CA). Reverse transcription
(RT) of purified poly (A)" RNA was performed using MMLV reverse
transcriptase with the SMART IV oligonucleotide primer and the CDS I/
3’ PCR primer provided in the kit. Double-stranded cDNA (ds-cDNA)
was synthesized by long distance PCR with the 5’ PCR primer and the
CDS 11I/3’ PCR primer using the Advantage 2 PCR kit (Clontech). The ds-
cDNA was treated with proteinase K and then digested with Sfil. After
size fractionation, cDNA was ligated to Sfil-digested pDNR-LIB. The
ligation product was then transformed into Escherichia coli ElectroMAX
DH10B electrocompetent cells (Invitrogen).

2.3. DNA sequencing

Clones were transferred to LB agar plates containing 50 pg/ml
chloramphenicol and grown for 20 h prior to colony direct PCR. Insert
DNA was amplified from 500 randomly selected clones with a M13
primer set, and PCR products were purified with Post-Reaction
Purification Columns (Sigma). Single-pass sequencing was performed
from the 5’-end only using M13 forward primer (5'-GTAAAAC-
GACGGCCAGT-3’) in ABI PRISM 3130x1 Genetic Analyzer (Applied
Biosystems, Carlsbad, CA), using ABI PRISM Big-Dye Terminator v3.1
Cycle sequencing kit (Applied Biosystems, Foster City, CA, USA).

2.4, EST processing, contig assembly and analysis

All ESTs were edited out flanking vector and adaptor sequences.
After removing rRNA sequences, high quality ESTs longer than 250 bp
(408 sequences) were assembled into clusters of contiguous
sequences by using Sequencher software (Gene Codes, Ann Arbor,
MI, USA). Reads with more than 99% identity were assembled into the
same contig. The consensus sequences of contigs and singletons

NCBI accession

Associated annotation

Forward primer (5’ — 3')

Reverse primer (5'—3')

Expected product size

HO0652180 FMRFamide-related peptide CATTCACCATCCGAGGTTACTT GCAAGGGCTTGTTGTAGGG 115
HO0652210 Cytochrome P450 GGGAAAAAGAATATGTGCAGGA TGATAACACCAGAATCGGATGA 132
H0652258 NADH dehydrogenase subunit 6 TGTTGGTTGTTTTGCCAGTT CCATAACCACAAAAATTCCACTT 99
HO0652261 Poly(A)-binding protein GGTGTCAATGCAGGACAAGTTA TTGGATAATTCTGTGGGTTTCC 94
H0652553 Hsp90 CCAAGAGGATGCTGGTGATT TCGAGACAATGCCGACTGTA 84
HO652574 L3Nie Ag (SvL3Nie-2) GAACCAGAAAAATAAATTGGGAGA ACTTCATCGTACCAACCTTTTACTCC 87
HO652576 Astacin-like metalloproteinase GGTGTTGTTACACCCCAAGC AACAACAATATATTAGTGCAATCGTT 145
HP425054 Globin-like protein TCCGGAAATGGCAGATTATT AGGCGGAAGAAACACTGAAA 11
HP429055 Novel® (SVC L3ist-1) TAACCTAAATACTATCTTTTACAATTCC CAATTCAGTTAATTTCCCTCCA 89
HP429056 Novel? (SVC L3ist-2) TGGAGAGAAATTAACTGAATTGTTGG TITTCAATGTTTTTATGCAGGTTC 114
HP429057 S. stercoralis Hsp20 (SvHsp-Ss2) TGGGATTGGCCTTTAAGTCA GCAGTGAATGTCAATTTTGTCC 147
HP429058 None® (PTC 00570_1) CGTAGAGGATCCACTGGACA CATTGATACCAGTATCCATTACAGAGG 85
HP429059 A. suum Hsp20 (SvHsp20-As1) TTTCCTTCCGCCATTCCTAT TTGAAACGCCCTCATCTCTAA 108
HP425060 Lipase, class 2 TGCAAGTGTGGTAAAGATTGCACATGT CCTCACAACATTTTGATTCAGCACAGC 88
HP429062 Cytochrome c oxidase subunit [ TGCTGGTGGTAATCCTTTGA ATCCCAAGGGTTCCAAAAAC 151
HP429068 L3Nie Ag (Svi3Nie-1) CTTGCAGCAAAAGCACAAAA CAATGGTGAACCAAATGCAA 117
HP429073 None® (FC810578.1) TGGCCATGGTATGTAGCAAT ACCCCTAAATGATAGAATGCAGTTGA 131
HP429091 S. stercoralis Hsp20 (SvHsp-Ss1) TTGTGATTGGCCACTTAATGTA CCTGAATATCCTGTGGGTCAA 113
AB453330.1 18S rebosomal RNA CCAGCTTTCCAAGTGCATAA CATCCAAGATGCTCATTACACA 86

4 Novel; No hits were found in major databases.
" Hits were found in NEMABASE4 with no associated annotation.
 No hit in NEMABASE4. Match was found in NCBI EST database.



Table 2

S. venezuelensis L3 ESTs with significant annotation by homology search against NEMABASE4.
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S. venezuelensis (singleton/contig)

Top hit in Nembase4 (tblastx)

NCBI accession Length (bp) Identifier Organism Clade E-value Associated annotation

HOG652177 601 $5C02297_1 S. stercoralis v 4.00E—87 Proteasome, subunit alpha/beta

HO652179 576 CRC00223_1 C. remanei \ 5.00E—11 RNA recognition motif, RNP-1

HO0652180 585 SSC04545_1 S. stercoralis v 6.00E—45 FMRFamide-related peptide

HO0652192 348 SSC00140_1 S. stercoralis v 3.00E—27 FMRFamide-related peptide

HO0652206 292 ACC15350_1 A. caninum v 7.00E—19 Ammonium transporter

H0652209 759 HBC05087_1 H. bacteriophora v 3.00E—-83 Cytochrome b/b6

H0652210 406 SRCO1426_1 S. rati v 4.00E—51 Cytochrome P450

HOG52222 427 SSCO01666_1 S. stercoralis v 1.00E—48 Hydroxytetrahydrobiopterindehydratase
HO0652225 342 CJjC00147_1 C. japonica A 3.00E—15 Signal recognition particle, SRP9 subunit
HO652234 761 SRC00984_2 S. ratti I\ 1.00E—153 Ras small GTPase, Ras type

HO0652237 564 SSC03440_1 S. stercoralis I\ 3.00E—48 LUC7 related

H0652242 636 MJC01056_1 M. javanica v 2.00E—-17 DNA repair protein (XPGC)/yeast Rad
H0652258 389 CSC00005_1 Caenorhabditis sp. \Y 1.00E—09 NAD Hdehydrogenase (ubiquinone)
H0652261 713 SRC00248_1 S. ratti v 1.00E—128 Poly(A)-binding protein

HO0652283 707 SRC07549_1 S. ratti 1\ 1.00E—108 Calcium-binding EF-hand

HO0652285 867 XIC01943_1 X. index I 2.00E—89 beta-1,4-mannosyltransferase activity
HO0652301 574 SRC00826_1 S. ratti v 7.00E—38 Histone H1/H5

HO0652303 620 PTC01840_1 P. trichosuri \4 4.00E—88 NIF system FeS cluster assembly, Nifd, N-terminal
HO0652319 687 SRC01269_1 S. ratti v 1.00E—111 Neural proliferation differentiation control-1
HO652339 828 S$SC00792_1 S. stercoralis v 1.00E—103 Klarsicht/ANC-1/syne-1 homology
HOG52341 817 LSC00488_1 L. sigmodontis Jhil 4.00E—90 Neurotransmitter-gated ion-channel
HO0652363 569 PTC00864_1 P. trichosuri I\ 2.00E—-99 Isocitrate lyase and phosphorylmutase
HO0652371 689 AYC01701_1 A. ceylanicum A 1.00E—31 HSP20-like chaperone

HO0652385 324 SRCO0573_1 S. ratti v 2.00E—53 Ribosome maturation protein SBDS, N-terminal
HO0652387 837 HGC09675_1 H. glycines I\ 8.00E—90 Peptidase C2, calpain

H0652391 682 $SC00507_1 S. stercoralis v 6.00E-71 Basic helix-loop-helix dimerisation region bHLH
HO0652393 304 SRC06206_1 S. ratti v 1.00E—11 Lysosome-associated membrane glycoprotein (Lamp)/CD68
HO0652397 702 SSC03354_1 S. stercoralis v 4.00E—80 Ankyrin

HO652402 806 SRC01740_1 S. ratti v 1.00E—105 TRAF-like

HO0652403 702 S$SC01995_1 S. stercoralis v 1.00E~36 NLI interacting factor

HO652411 638 AACO0359_1 A. cantonensis \Y 4.00E—39 Neurotransmitter-gated ion-channel
HO0652429 713 SRC03434_1 S. ratti v 1.00E—96 Alpha/beta hydrolase fold-1

H0652446 591 PTC02320_1 P. trichosuri v 6.00E—45 Zinc finger, C3HC4 RING-type

HO0652452 642 ACC01684_2 A. caninum \% 7.00E—42 Globin-like

HO0652470 681 PTC01361_1 P. trichosuri v 2.00E-23 Bicarbonate transporter, eukaryotic
HO652471 586 SRC00877_1 S. ratti v 2.00E—-99 NADH:ubiquinone oxidoreductase, 51 kDa subunit
H0652478 385 SSC01554_1 S. stercoralis v 2.00E—41 Neuroendocrine 7B2 precursor

HO652504 687 CRCO1991_1 C. remanei \ 1.00E—47 Oxysterol-binding protein

HO0652510 481 SSC05747_1 S. stercoralis v 1.00E—44 Barrier to autointegration factor, BAF
HO0652512 799 SRCO0306_1 S. ratti v 1.00E—152 14-3-3 protein

HO0652514 263 SRC02616_1 S. ratti v 2.00E—50 C2 calcium-dependent membrane targeting
HO652517 526 SSC02701_1 S. stercoralis |\ 1.00E~75 Histone H2B

HO0652520 545 CBC03783_1 C. brenneri \" 2.00E—41 Glycosyl transferase, group 1

HO652521 479 CSC01296_1 Caenorhabditis sp. \ 1.00E—21 RhoGAP

HO0652553 286 $SC00283_1 S. stercoralis v 4.00E—29 Heat-shock protein Hsp90

HO0652559 336 SSC02701_1 S. stercoralis v 5.00E—36 Histone H2B

HO652574 361 SRC08538_1 S. ratti v 9.00E—31 L3Nie Ag (SvL3Nie-2)

HO652576 666 SSC00003_1 S. stercoralis v 1.00E—86 Astacin-like metalloproteinase

HO652580 406 MHC11486._1 M. hapla v 1.00E—07 Amino acid/polyamine transporter |
HP429054 589 HBC06265_1 H. bacteriophora Vv 3.00E—47 Globin-like protein

HP429057 461 SSCO1535_1 S. stercoralis v 3.00E—-19 S. stercoralis Hsp20 (SvHsp20-Ss2)
HP429059 565 ASC17349_1 A. suum il 2.00E—23 A. suum Hsp20 (SvHsp20-As1)

HP429060 508 SSC00303_1 S. stercoralis v 2.00E—15 Lipase, class 2

HP429061 455 SSC00007_1 S. stercoralis v 7.00E—~68 Aminotransferase, class I and Il

HP429062 1558 00C00027_4 0. ostertagi \ 0 Cytochrome c oxidase, subunit |

HP429068 655 SRC08538_1 S. ratti v 7.00E—70 L3Nie Ag (SvL3Nie-1)

HP429076 762 SSC02252_1 S. stercoralis v 1.00E~122 EF-hand

HP429077 441 SRC00553_1 S. ratti v 1.00E-35 Calcium-binding EF-hand

HP429078 524 TLCO0048_1 T. leonina i 3.00E—62 Cytochrome ¢ oxidase, subunit Iil

HP429079 628 SRC00445_1 S.ratti v 6.00E—~97 EF-hand

HP429083 889 SSC00456_1 S. stercoralis v 1.00E-70 Proteinase inhibitor 133, aspin

HP429085 863 Cjcot1127.2 C. japonica \ 5.00E—45 NADH:ubiquinone/plastoquinone oxidoreductase
HP429086 480 ASC00025_17 A suum i 4.00E—~76 Cytochrome c oxidase subunit I} C-terminal
HP429088 417 SRC04160_1 S. ratti v 4.00E—42 Light chain 3 (LC3)

HP429091 661 SSCO01535_1 S. stercoralis v 4.00E—78 S. stercoralis Hsp20 (SvHsp20-Ss1)
HP429092 1322 SSC05809_1 S. stercoralis v 2.00E—62 Methyltransferase type 11

HP429094 277 NAC00065_1 N. americanus \" 3.00E—16 Cytochrome b/b6, C-terminal

HP429095 589 ASC24228_1 A. suum i 2.00E—-19 ATPase, FO complex, subunit A

Genus designations used in the table are as follows: A. caninum; Ancylostoma caninum, A. cantonensis; Angiostrongylus cantonensis, A. ceylanicum; Ancylostoma ceylanicum, A. suum;
Acaris suum, C. brenneri; Caenorhabditis brenneri, C. japonica; Caenorhabditis japonica, C. remanei; Caenorhabditis remanei, H. bacteriophora; Heterorhabditis bacteriophora, H. glycines;
Heterodera glycines, L. sigmodontis; Litomosoides sigmodontis, M. hapla; Meloidogyne hapla, M. javanica; Meloidogyne javanica, N. americanus; Necator americanus, O. ostertagi;
Ostertagia ostertagi, P. trichosuri; Parastrongyloides trichosuri, S. ratti; Strongyloides ratti, S. stercoralis; Strongyloides stercoralis, T. leonina; Toxascaris leonina, X. index; Xiphinema index.
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Table 3
S. venezuelensis L3 ESTs with significant annotation against NCBI non-redundant protein database.

S. venezuelensis (singleton/contig) ~ Top hit in the NCBI non-redundant protein database (blastx) Top hit in Nembase4 (tblastx)

NCBI accession  Length (bp) NCBI accession Best identity descriptor Organism E-value Identifier Organism Clade E-value

H0652462 820 NP_501872.1 hypothetical protein F01G10.6 C. elegans 3.00E-12 N/F® - B B

H0652207 396 XP_002636737.1  Hypothetical protein CBG23460  C. briggsae 4.00E—15 PTC02337_1  P.trichosuri 1V 2.00E-21

HO0652218 448 XP_002633793.1  Hypothetical protein CBG03485 C. briggsae 6.00E—22 HCC05184_1 H.contortus V 4.00E—33

HO652251 849 XP.002632491.1  CBR-CCG-1 protein C. briggsae 200E—~49 SRC00347_1 S ratti v 1.00E—140

HO0652337 409 XP_001892281.1  hypothetical protein B. malayi 6.00E—38 PPC05674_1 P pacificus® V 8.00E—50

HO0652351 463 XP_002631908.1  hypothetical protein CBG07885 C. briggsae 200E-37 PTC00166.1  P.trichosuri 1V 5.00E—53

HO652377 395 XP_001902589.1  putative salt tolerance protein B. malayi 5.00E—19 PTC04384.1 P trichosuri IV 4.00E—61

HO652412 835 XP_002645282.1  CBR-AJM-1 protein C. briggsae 3.00E—09 SSC03769_1 S stercoralis IV 8.00E—65

H0652449 581 NP_499054.1 TransThyretin-Related family C. elegans 9.00E—33 SRCO1281_1 S ratti v 2.00E—84
domain family member (ttr-5)

HO652459 286 NP_510509.2 hypothetical protein FO9B12.3 C. elegans 1.00E—14 SRC04118_1 S ratti v 2.00E—34

HO652491 650 XP_001902568.1  hypothetical protein Bm1_55555  B. malayi 1.00E—27 SSC01022_1 S stercoralis IV 2.00E—85

HO0652499 797 NP_505173.2 hypothetical protein F52E1.13 C. elegans 3.00E—43 CRC02974_1 C remanei \ 5.00E—20

HO0652537 528 NP_499054.1 TransThyretin-Related family C. elegans 200E—30 SRCO1281_1 S ratti v 4.00E—78
domain family member (ttr-5)

HO0652548 533 XP.002646626.1 Hypothetical protein CBG11056 C. briggsae 8.00E—~10  SRC02345_1 . ratti v 3.00E-57

HP429066 2081 NP_492698.2 hypothetical protein Z€247.1 C. elegans 1.00E—71 SSC03002_1 S stercoralis IV 6.00E—72

HP429084 856 CAR63582.1 Conserved Cystein/Glycine domain ~ A. cantonensis  1.00E--41  SRC00347_1  S. ratti v 1.00E-129
protein

S. venezuelensis L3i ESTs that did not hit in NEMABASE4 or ESTs which had matches to NEMABASE4 ESTs without annotation, were further analysed against NCBI non-redundant
protein database. Sixteen EST were given annotation by this search.

2 N/F: no hit in NEMABASE4.

b pristionchus pacificus.

comprised the unique sequences, which were compared against for Biotechnology Information (NCBI) non-redundant protein data-
NEMBASE4 (http://www.nematodes.org/ nembase4/), using tBLASTX. base using BLASTx (cut-off: E<1e—5), and NCBI EST database using
ESTs that did not hit were further compared with the National Center BLASTn (cut-off: E<1e—10). The sequences of the transcripts in the
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Fig. 1. Comparison of predicted amino acid sequences between three Hsp20s and two L3Nie antigens. In S. venezuelensis ESTs, three different Hsp20 and two L3Nie were found. In
order to clarify the difference between these ESTs, they were aligned against each other by using the GENETYX-WIN software {(GENETYX CORPORATION, Tokyo, Japan). Identical
residues are marked with an asterisk, and conserved residues between two Hsp20s are marked with a dot. SvHsp20-Ss1 showed 40% identity to SvHsp20-Ss2. SvHsp20-As1 was
found to have 29% identity with SvHsp20-Ss2, but no significant similarity with SvHsp20-Ss1. Identity between SvL3Nie-1 and 2 was 56%. Accession numbers for each genes:
SVHSP20-Ss1; HP429091, SVHSP20-Ss2; HP429057, SYHSP20-As1; HP429059, SvL3Nie-1; HP429068, SvL3Nie-2; H0652574.
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present study have been deposited into the GenBank under accession
numbers HO652177-H0652584 and HP429054-HP429095.

2.5. Reverse transcriptase-polymerase chain reaction (RT-PCR)

RT-PCR was performed with worms of different developmental
stages; infective larvae (L3i), tissue-migrating larvae {L3tm), lung
larvae (LL3), and parasitic adult worms. For RNA isolation, worms
were crushed manually using a freeze-crushing apparatus (SK Mill,
Tokken, Chiba, Japan), followed by isolation with TRIzol reagent. After
treatment with DNase | (Ambion, Austin, TX, USA), concentration of
RNA was measured using a Quant-iT assay kit (Invitrogen). cDNA was
synthesized from 1 pg of total RNA by reverse transcription in 100 pl
reaction using PrimeScript 1st strand ¢cDNA Synthesis Kit (Takara Bio,
Shiga, Japan).

For 63 selected genes, PCR primers were designed to have theoretical
Tm of 57-63 °C and amplicon sizes of 200-500 bp. One microliter of the
prepared cDNA preparation was used for PCR amplification. The
amplification program was as follows; initial denaturation at 94 °C for
2 min, 30 cycles of denaturation at 94 °Cfor 45 s, annealing 58 °Cfor45 s
and elongation at 68 °C for 30 s, followed by a final extension at 68 °C for
7 min. Five microliter of the PCR products was mixed with 1 pl of EZ-
VISION DNA dye/buffer (AMRESCO, Solon, OH, USA ), run on 1% agarose
gel, then visualized by UV transillumination and photographed.

2.6. Real-time PCR analyses

Expression of selected transcripts was analyzed in real-time PCR.
The regions amplified with each primer sets were shown in Table 1.
Total RNA was extracted from different stages of larvae as described
above, and cDNA was generated from 400 ng of RNA using Prime-
Script 1st strand ¢cDNA Synthesis Kit (Takara Bio). Real-time PCR was
then performed with an ABI PRISM 7000 Sequence Detection Systems
and a Power SYBR Green PCR Master Mix (Applied Biosystems).

Table 4
The most abundant transcripts in S. venezuelensis L3i cDNA library.

8-

~ [«2]
. L

Target/18s rRNA x 102
N

Fig. 2. Expression analysis of abundant transcripts in infective larvae, Quantification of
transcripts was achieved by real-time PCR using gene-specific primer sets for the top
8 sequences (Table 4). The gene for a class 2 lipase was the most abundantly transcribed
in L3i, which was followed by novel genes of unknown functions. The target values
were normalized to 185 rRNA expression. Accession numbers for each genes: lipase;
HP429060, FC810578.1; HP429073, SVC L3ist-1; HP429055, SVC L3ist-2; , HP429056,
PTC 00570_1; HP429058, SvHsp20-Ss2; HP429057, Globin-like protein; HP429054,
cytochrome c oxidase; HP429062.

Relative quantification was assessed by normalizing the amount of the
target transcript to 18S ribosomal RNA gene.,

3. Results

A cDNA library was constructed from infective larvae of
S. venezuelensis. A total of 500 clones were sequenced producing 408
high quality ESTs (250 bp cut-off) with an average of 4904164 bp.
Assembling the 408 ESTs resulted in 42 contigs (288 ESTs) and 120

S. venezuelensis (singleton/contig) Blast top hit against NEMABASE4

NCBI accession Number of clones Identifier Organism E-value Associated annotation
HP429060 38 SSC00303_1 S. stercoralis 2.00E-15 Lipase, class 2

HP429056 33 Novel? (SVC L3ist-2) - - -

HP429054 29 HBC06265_1 H. bacteriophora 3.00E—47 Globin-like protein

HP429055 27 Novel® (SVC L3ist-1) - - -

HP429057 26 $5C01535..1 S. stercoralis 3.00E—~19 S. stercoralis Hsp20 (SvHsp20-5s2)
HP429073 14 FC810578.1° S. ratti 5.00E—13 None

HP429058 10 PTC00570_1 P. trichosuri 3.00E—29 None

HP429062 8 00C00027_4 O. ostertagi 0 Cytochrome ¢ oxidase, subunit [
HP429064 7 Novel* - - -

HP429079 6 SRC00445_1 S. ratti 6.00E—97 EF-hand

HP429066 5 §SC03002_1 S. stercoralis 6.00E~72 None

HP429070 5 SRC01349_1 S. ratti 2.00E—19 None

HP429075 5 SSC00031_1 S. stercoralis 5.00E—70 None

HP429076 4 SSC02252_1 S. stercoralis 1.00E—122 EF-hand

HP429085 4 Cjco11272 C. japonica 5.00E—45 NADH:ubiquinone/plastoquinone oxidoreductase
HP429072 4 SRC01348_1 S. ratti 2.00E-22 None

HP429067 4 Novel® - - -

HP429069 4 Novel® - - -

HP429059 3 ASC17349_1 A. suum 2.00E—23 A. suum Hsp20 (SvHsp20-As1)
HP429068 3 SRC08538_1 S. ratti 7.00E—70 L3Nie Ag (SvL3Nie-1)
HP429084 3 SRC00347_1 S. ratti 1.00E—129 None

HP429081 3 SRC07826_1 S. ratti 4.00E—37 None

HP429074 3 SSC04537_1 S. stercoralis 2.00E—07 None

HP429087 3 Novel® - - -

HP429065 3 Novel® - - -

¢ Novel; No hits were found in major public databases.

5 All hits shown here were found against Nembase4 except for FC810578.1, which was found a match in NCBI EST database only.
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singletons. tBLASTx analysis against NEMABASE4, a comprehensive
resource for nematode transcriptome analysis holding 679,480 nema-
tode EST, resulted in 114 (704%) S. venezuelensis L3i ESTs showing
significant (E<1e—5) matches to nematode EST, in which associated
annotation was given to 68 sequences (Table 2).

S.venezuelensis L3i ESTs that did not hit in NEMABASE4 and the ones
which had matches to NEMABASE4 ESTs without annotation, were
further analyzed by BLASTx against the NCBI non-redundant protein
databases. This search yielded 16 more genes with description (Table 3).
Thusin total, 84 ESTs resulted in significant annotation against the major
public databases. It should be noted that most of the hits in NEMABASE4
were genes of clade IV nematode, and a majority of the clade IV hits were
with genes from Strongyloides (Tables 2 and 3).

Some S. venezuelensis L3i ESTs shown in Table 2 hit the same sequences
in databases. For example, HP429091 and HP429057 hit S. stercoralis
Hsp20 (SSC01535_1), and HP429068 and HO652574 hit S. ratti L3Nie Ag
(SRC08538_1). Sequence alignment of these ESTs revealed that they
differed significantly from each other (Fig. 1). Therefore, they were
considered as different gene products and designated as shown in Fig. 1.

Of 162 S. venezuelensis 131 ESTs, 47 gave no hits in NCBI databases
or NEMABASE4 in BLASTx and tBLASTx, respectively. We compared
these sequences with NCBI EST division in BLASTn to find 7 more hits
(E<1e—10). Thus of 162 unique sequences, 37 (22.3%) had no hits
against NCBI or NEMABASE4, indicating that these were novel genes.

Matched transcripts with significant annotation (84 sequences)
could be grouped into some categories: genes for proteins involved in

A

1.4

SvHsp20-Ss1

oxidative phosphorylation, structural proteins, heat-shock proteins,
neuromuscular proteins, and immunodominant proteins. Interesting
transcripts were also found such as calpain (H0652387, Table 2),
astacin-like metalloproteinase (HO652576, Table 2), salt tolerance
protein (HO652377, Table 3), DNA repair protein (H0652242,
Table 2), and autophagy-related LC3 (HP429088, Table 2).

The most abundant transcripts in S. venezuelensis infective larva,
estimated from the frequency of clones, contained class 2 lipase,
globin-like protein, and small heat-shock protein 20, SvHsp20-Ss2,
similar to S. stercoralis Hsp20. However, a number of abundant
transcripts had no hits even against NCBI EST using BLASTn (Table 4),
suggesting that infective larvae probably express a number of species-
specific genes. In order to examine the relative amount of expression
of these seemingly abundant transcripts in L3i, we performed real-
time PCR for the top 8 sequences containing 4 unannotated ESTs. We
found that the gene for a class 2 lipase was the most abundantly
transcribed in L3i, which was followed by novel genes and genes of
unknown functions (Fig. 2). Two genes, S. venezuelensis L3i-specific
transcript 1 and 2 (SVC L3ist-1 and SVC L3ist-2), had no hits in
nucleotide databases by BLASTn analysis, indicating that these were
novel genes.

Because infective larvae have to survive stressful environment, we
examined in real-time PCR the gene expression of heat-shock proteins
and energy-related proteins in different developmental stages.
Expression profile of the heat-shock proteins differed from each
other. As shown in Table 2, we obtained one Hsp90 and three Hsp20
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Fig. 3. Comparison of mRNA expression in developmental stages. Real-time PCR was performed with infective larvae (L3i), tissue-migrating larvae (L3tm), lung farvae (LL3) and
adult female worms. (A) Expression profile of the heat-shock proteins. Hsp90 was evenly expressed through all developmental stages, while the expression of SvHsp20-As1 was
decreased in adult worm. SvHsp20-Ss1 was expressed only in the infective larva stage differed from each other. (B) Gene expression of energy-related proteins. Genes, including
cytochrome ¢ oxidase subunit I, NADH dehydrogenase subunit 6, and cytochrome P450, were most actively transcribed in the infective larva stage. Relative expression of the target
genes was assessed by normalizing to 185 rRNA expression. Gene expression in L3i was defined as 1.0. Accession numbers for each genes: SvHsp20-Ss1; HP429091, SvHsp20-Ss2;
HP429057, SvHsp20-As1; HP429059, Hsp90; HO652553, cytochrome ¢ oxidase; HP429062, NADH dehydrogenase; H0652258, cytochrome P450; HO652210.
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sequences. Since these three Hsp20 (HP429091, HP429057, and
HP429059) differed significantly from each other (Fig. 1), they
were referred to as SvHsp20-Ss1, SvHsp20-Ss2, and SvHsp20-As1,
respectively. While Hsp90 was expressed evenly from infective
larvae to parasitic adult females, the expression of SvHsp20-Ast
decreased when the worms reached maturity. In contrast, SvHsp20-
Ss1 and SvHsp20-Ss2 were expressed only in the infective larva stage
(Fig. 3A).

Genes for spiration-related proteins, including cytochrome ¢
oxidase subunit I (HP429062), NADH dehydrogenase (H0652258),
and cytochrome P450 (H0652210), were most actively transcribed in
the infective larva stage (Fig. 3B), suggesting that infective larvae are
active in producing ATP by oxidative phosphorylation. In fact,
infective larvae had batteries of well-developed mitochondria
immediately under the muscular layer demonstrated by transmission
electron microscopy (data not shown).

In order to identify L3i-specific transcripts, which could be the
clues to the elucidation of the survival strategy of infective larvae, we
compared the expression pattern along the developmental stages of
62 genes by RT-PCR, containing 57 annotated and 5 non-annotated
but highly abundant genes listed in Table 4. cDNA was prepared from
infective larvae (L3i), tissue-migrating larvae (L3tm), lung larvae
(LL3), and parasitic adult female worms, was amplified in PCR
followed by the examination on agarose gel. PCR products were
successfully obtained for 52 transcripts, revealing 7 transcripts being
specific for infective larva stage (Table 5). )

To confirm the stage specificity of these genes, we examined the
expression in real-time PCR. Among 7 L3i specific transcripts listed in
Table 5, the specific expression of SvHsp20-Ss1 and SvHsp20-Ss2, has
been already demonstrated in Fig. 3. As shown in Fig. 4, the expression
of the remaining 5 genes was highly specific as well for infective
larvae. In addition to SvHsp20-Ss1 and SvHsp20-Ss2, L3i-specific
transcripts were astacin-like metalloprotease, SvL3Nie-2, an unanno-
tated gene (PTC 00570_1), and two novel transcripts (SVC L3ist-1 and
SVC L3ist-2). Quite interestingly, SvL3Nie-1, which is similar to
SvL3Nie-2, showed different expression patterns with SvL3Nie-2.
SvL3Nie-1 was expressed constitutively from L3i to tissue-migrating
L3tm stage (Fig. 4).

4, Discussion

Most cases of strongyloidiasis are subclinical, and chronic infec-
tions remain unrecognized for decades [14]. However, it might turn
life-threatening when the patients are on immunosuppressive drugs
[15] or have co-infections with HTLV-1 [16-18]. In severe strongyloi-
diasis, large numbers of infective larvae penetrate skin and intestinal
mucosa causing disseminated infections. Understanding the biology
of infective larvae would lead us to find a novel strategy for the control
of severe infections.

Our present study on transcripts of S. venezuelensis infective larva
revealed interesting features of their biology. First, in the present
cDNA library, clones coding for lipase appeared repeatedly. Repre-
sentation in a cDNA library generally reflects the abundance in the
original transcriptome [19], and the real-time PCR results confirmed
lipase as one of the most actively transcribed genes (Fig. 2). It appears
that infective larvae of S. venezuelensis possibly degrade stored lipid
for energy generation. Because infective larvae do not feed during
wait [20], and express both an autophagosome marker LC3
(HP429088 in Table 2) and a proteasome protein (H0652177 in
Table 2), infective larvae possibly depend on both the ubiquitin-
proteasome system and autophagy processes for the energy sources.
Recent study has revealed that autophagy regulates intracellular lipid
metabolism [21], which is evoked when animals are under starvation
[22-24].

Transcripts for several different heat-shock proteins were found in
S. venezuelensis infective larvae cDNA. Hsp90, an evolutionarily

Table 5
Expression of transcripts along developmental stages.

S. venezuelensis (singleton/contig) Best identity descriptor

Expression NCBI accession
L3i only HO0652574 SvL3Nie-2
HO0652576 Astacin-like metailoproteinase
HP429055 Novel? (SVC L3ist-1)
HP429056 Novel® (SVC L3ist-2)
HP429057 SvHsp20-Ss2
HP429058 None (PTC 00570_1)°
HP429091 SvHsp20-Ss1
13i to L3tm HP429068 SvL3Nie-1
L3i to LL3 HO0652180 FMRFamide-related peptide
H0652403 NLI interacting factor
HO0652411 Neurotransmitter-gated ion-channel
HP429054 Globin-like protein
HP429059 SvHsp20-Asi
HP429061 Aminotransferase, class I and Il
HP429076 EF-hand
HP429077 Calcium-binding EF-hand
HP429088 Light chain 3 (LC3)
L3i to adult H0652177 Proteasome, subunit alpha/beta
HO0652206 Ammonium transporter
HO0652234 Ras small GTPase, Ras type
HO0652242 DNA repair protein (XPGC)/yeast Rad
HO0652251 C. briggsae CBR-CCG-1 protein®
HO0652258 NADH dehydrogenase subunit 6
HO0652261 Poly(A)-binding protein
HO0652285 beta-1,4-mannosyltransferase activity
HO652301 Histone H1/H5
HO0652303 NIF system FeS cluster assembly,
NifU, N-terminal
HOG52319 Neural proliferation differentiation control-1
HO652339 Klarsicht/ANC-1/syne-1 homology
HO652341 Neurotransmitter-gated ion-channel
HO0652363 Isocitrate lyase and phosphorylmutase
HO652371 HSP20-like chaperone
HO652385 Ribosome maturation protein SBDS,
N-terminal
HO0652387 Peptidase C2, calpain
HO0652397 Ankyrin
HO652412 C. briggsae CBR-AJM-1 protein®
HO652449 TransThyretin-Related family domain
family member®
H0652459 hypothetical protein FO9B12.3¢
H0652470 Bicarbonate transporter, eukaryotic
HO652504 Oxysterol-binding protein
HO0652510 Barrier to autointegration factor, BAF
HO0652514 (2 calcium-dependent membrane targeting
HO0652517 Histone H2B
HO0652520 Glycosyl transferase, group 1
HO0652537 TransThyretin-Related family domain family
member®
HO652553 Heat-shock protein Hsp90
HP429060 Lipase, class 2
HP429062 Cytochrome c oxidase, subunit |
HP429073 None”
HP429083 Proteinase inhibitor 33, aspin
HP429084 Putative conserved cystein/glycine domain
protein®
HP429092 Methyltransferase type 11

# Novel; No hits were found in major databases.

b Hits were found in NEMABASE4 with no associated annotation.

¢ Hits were found in NEMABASE4 without associated annotation. Annotation was
given in NCBI NR protein database.

conserved indispensable molecular chaperone, is involved in the
folding, stabilization, activation, and assembly of a wide range of
cellular proteins, playing a central role in many biological processes
[25]. In C elegans, Hsp90 is upregulated in dauer larvae, to which
infective larvae of parasitic nematodes are often compared [26]. Our
present study demonstrated that Hsp90 is abundantly and constitu~
tively transcribed throughout the life of S. venezuelensis (Fig. 3A). In
spite of a number of similarities between infective larvae and dauer
larvae, recent comparative genomics between C. elegans and
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Fig. 4, Quantitative analysis of mRNA expression for infective larvae (L3i) specific transcripts. Quantitative real-time PCR validated the specific expression of six genes in infective L3
larvae. Relative expression of the target genes was assessed by normalizing to 185 rRNA expression. Gene expression in L3i was defined as 1.0. Accession number for genes analysed
are as follows: Sv-L3Nie-2; HO652574, Astacin-like metalloprotease; HO652576, SVC L3ist-1 (novel gene); HP429055, SVC L3ist-2 (novel gene); HP429056, PTC 00570_1; HP429058,
Sv-L3Nie-1; HP429068, FMR Famide-related peptide; HO652180, Poly (A)-binding protein; H0652261.

S. stercoralis has failed uncover evidence of an L3i/dauer expression
signature conserved between the two species [27].

On the other hand, interesting expression patterns were observed
in small heat-shock proteins, Hsp20. We found that infective larvae of
S. venezuelensis had at least three Hsp20s, which were significantly
different not only in the sequence but in the expression pattern along
the developmental stages as well (Fig. 3A). In mammals, Hsp20
protects cells from the aggregation of denatured proteins, and is
abundantly expressed in smooth muscle cells and cardiomyocytes
{28,29]. In parasitic nematodes, small heat-shock proteins have been
reported to have a role in muscle cells and muscle contraction [30].
Therefore these Hsp20 might be involved in different muscular
functions, or they might have totally different roles in S. venezuelensis.

Upon infection, infective larvae must penetrate skin as quickly as
possible. Infective larvae of S. venezuelensis have a zinc metallopro-
tease activity, which has been assumed to play a major role in skin
penetration [12]. This metalloprotease activity at 40 kDa is presum-
ably a S. venezuelensis homologue of Ss40 of S. stercoralis, a zinc
metalloprotease deployed by infective larvae [31,32]. Recent study
identified an astacin-like metalloprotease transcript in infective
larvae of S. stercoralis, which has been referred to as ‘strongylastacin’
[33], to which one of the transcripts in the present study (H0652576)
is highly homologous. The expression of this transcript is specific for
infective larva stage, which perfectly matches to the metalloprotease
activity previously reported [12].

The most significant results in this study were that the substantial
portion of transcripts of S. venezuelensis infective larvae contained novel
sequences. Especially, novel transcripts, SVC L3ist-1 and SVC L3ist-2,

were abundantly expressed and they were infective larva-specific
(Table 5, Fig. 4). We could not find similar sequences in public
nucleotide databases, even against NEMABESE4, the most comprehen-
sive resource for nematode EST analysis. Because NEMABESE4 contains
EST data on S. stercoralis as well as S. ratti, these two transcripts should
be not only stage-specific but species-specific molecules. Transcriptome
analysis of Ancylostoma caninum has revealed that more than 80% of
infective larva-specific transcripts (66 out of 78) are species-specific
[34]. Comparative genomics among hookworms and Srtongyloides
nematodes, that produce tissue penetrating infective larvae, should be
one of the most exciting issues in the field of parasitology.

Apart from the biology of S. venezuelensis infective larvae, we could
identify transcripts for candidate antigens for immunodiagnosis. We
found two different transcripts homologous to S. stercoralis L3Nie
antigen (SvL3Nie-1 and SvL3Nie-2) and proteinase inhibitor 133,
which is similar to Onchocerca volvulus immunodominant antigen
0v33 (HP429083). L3Nie antigen is a member of the Ancylostoma
Secretory Protein family, which was cloned with a patient serum [35],
and has been shown to be useful in the diagnosis of strongyloidiasis
[36]. Ov33, on the other hand, is recognized by more than 90% of
onchocerciasis patient sera and has been used for immunodiagnosis as
a single protein or fusion protein [37,38]. Gold standard for the
diagnosis method for strongyloidiasis is the stool examination,
however, the sensitivity of detecting larvae is not enough especially
for chronic infections in immunocompetent hosts [39,40]. Because
Ov33 homologue and L3Nie antigen appear to be abundantly
transcribed in larvae, the combined use of the two antigens in
immunodiagnosis might improve the sensitivity and specificity
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significantly. Therefore further analysis is required of these antigens
with strongyloidiasis patient sera.

5. Conclusions

A total of 408 EST were obtained from a ¢DNA library of
S. venezuelensis infective larvae. Most abundant transcripts are those
for lipase, respiration enzymes, and heat-shock proteins, however
they contained 37 novel sequences which cannot be found in public
nucleotide databases. Of seven transcripts which are infective larvae
stage-specific, three have been unannotated and two were novel.
Further research on these novel genes will clarify the biology of the
infective larva.
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