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Legend to Figures
Figure 1. Complex II is the member of TCA cycle and respiratory chain

Complex II catalyzes the oxidation of succinate to fumarate in the TCA cycle and transports the electron generated
by this oxidation to ubiquinone in the respiratory chain. Generally, complex II cm’i‘siéf‘s of four subunits. Flavoprotein
(Fp) subunit contains a flavin adenine dinucleotide prosthetic group and iron sullﬁxf’iprotein (Ip) subunit contains three
iron-sulfur clusters. There are two hydrophobic cytochromeb (Cyb L, Cyb S) subumts The succinate binding site is
located in Fp subunit, while the quinone binding site is formed by three’ subunits, Ip, Cyb L and CybS. Complex II
also catalyzes the reduction of fumarate, a reverse-reaction of succinate dehydrogenase, in the respiratory chain of

mitochondria from anaerobic animals, such as Ascaris suum, as well as‘anaerobic bacteria.

Figure 2. Life cycle of Ascaris suum

Fertilized eggs grow to be infective L3 under aercbic environment. Infective L3 larvae are ingested by the host,
reach the small intestine and hatch there. Aﬁerwards;;}adeae migrate into host body (liver, heart, lung, pharynx), and
finally migrate back to the small intestine and become adults. In the host small intestine, the oxygen concentration is
low (pOy=2.5 ~ 5%) compared with the gﬁo_geﬁoﬁs environment (p0O,=20%). The metabolic pathway of A. suum

changes dramatically during its life cycle; to adapt to changes in the environmental oxygen concentration [6].

Figure 3. Glucose metabolism of A. suum larval and adult mitochondria

The metabolic pathway of 4. suum adult has a unique anaerobic electron transport system, NADH-fumarate
reductase system. In the phosphoenolpyruvate carboxykinase (PEPCK)-succinate pathway, phosphoenolpyruvate
(PEP) produced by a g}ycélyﬁc process is carboxylated to form oxaloacetate and is then reduced to malate. The
cytosolic malate is transported into the mitochondria, where it is first reduced to fumarate, and finally to succinate by
the rhodoquinol-fumarate reductase activity of complex II. The terminal step is catalyzed by the NADH-fumarate
reductase system (Boxed in broken lines) comprised of complex I, rhodoguinone (RQ), and complex II. PEP,

phosphoenolpyuvate; PEPCK, phoshoenolpyruvate carboxykinase; OAA, oxaloacete [6].

Figure 4. Chemical structure and redox potentials of the quinones. A. Chemical structures of UQ and RQ. n,

numbers of isoprenyl groups in side-chain. B. Redox potentials of quinones and substrates.

Figure 5. NADH-fumarate reductase System of A. suum as a target of chemotherapy

The differences in energy metabolisms between host and helminths is an attractive therapeutic targets for
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helminthiasis. NADH-fumarate reductase is a part of a unique respiratory system in parasitic helminths and is the
terminal step of the phosphoenolpyruvate carboxykinase-succinate pathway, which is found in many anaecrobic
organisms. NADH-Fumarate Reductase System is a potential target for chemotherapy. Nafuredin was found to be

competitive inhibitor for rhodoquinone binding site of 4. suum complex II [1].

Figure 6. Schemati¢ representation of 4. suum complex Is from larva typxgkfndf adult type.

The mitochondrial metabolic pathway of the parasitic nematode 4. muzn changes dramatically during its life cycle,
to adapt to changes in the environmental oxygen concentration. 4. suuni xﬁitochondﬂa express stage-specific isoforms
of complex II. While there is no difference in the isoforms of the Ip and cybL subunits of complex II between L3
larvae and adult A. suum, they have different isoforms of compléx IIsubumts Fp (larval, Fp“; adult, Fp") and cybS
(larval, cybSY; adult, cybS") in 4. suum adult respiratory chain qgimpiex 11 produces high amount ROS [29].

Figure 7. Chemical structure of inhibitors of compi’q:i\il
A. Nafuresin, a competitive inhibitor for the rhodoquinone binding site of 4. suum complex II; B. Atpenin AS, a
competitive inhibitor for the quinone bindfi;ge s;te of complex II of many species; C. Fulutolanil, a competitive

inhibitor for the quinone binding site of A .,s'juumv' ycomplex IL

Figure 8. Fp isoform gene structure

Type 1 and 11 Fps differ to each other in six bases in DNA sequences and in two amino acid residues in proteins.
Type 1 Fp gene has an exon-intron structure, while type II Fp gene issuggested to be intron-less. Although type 1 Fp
gene is located on chromosome 5p15, the type II Fp gene is not found in the NCBI database and the location has not

been clarified yet [59, 60]:

Figure 9. Alignment of Amino acid sequences of Mammalian Fp subunits

Two amino acid desidues in the red box are different in human Fp isoforms. Tyr 586 and Val 614 in type I Fp are
changed to Phe 586 and Ile 614 in type II Fp, respectively. Tyr 586 and Val 614 are well conserved among mammals
and no animals but human have type II Fp [59].

Figure 10. Positions of Tyr 586 and Val 614 in the structure of porcine complex II
Two amino acid residues different in human isoforms, Y586F and V6141, shown in the cartoon representation of

the porcine complex II structure (left) and the close-up view of the region including Y586F and V6141 (right). V6141
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is surrounded mainly by hydrophobic residues, whereas Y586F by both hydrophilic and hydrophobic residues. Y586
and E598 are in the hydrogen bond distance (3.15 A) to each other. UQ shows ubiquinone. The numbers of amino acid

residues in the box represent the human amino acid sequences and the others are the porcine amino acid sequences.
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Table 1 mRNA expression of Fp isoforms in human cultured cells and tissues.

The expression ratio of the two Fp isoforms was analyzed by RT-PCR-RFLP (restriction fragment length
polymorphism with Avall).Total RNAs were obtained from NIPPON GENE (Japan) for normal liver, heart, skeletal
muscle, brain, kidney and breast tumor, colon tumor, stomach tumor and uterus tumor. Wako (Japan) for normal
pancreas and fetal tissues. Invitrogen (USA) for normal testes and breast tumor, liver tumor, kidney tumor, colon
tumor, pancreas tumor, cervix tumor, ovary tumor, prostate tumor. Cells ; Fibrob}ajéft and Myoblast : kind gift from Dr.
Yu-ichi Goto (National Institute of Neuroscience, Japan) A549, DLD-1 and_ﬁ(lF-? : kind gift from Mr. Yasuyuki
Yamazaki (Taiho pharma_ceutical, Japan) Panc-1 : kind gift from Dr. Yéélihi;o Esumi (National Cancer Institute,
Japan) Raji : kind gift from Dr. Kazurou Shiomi (Kitasato university, Japan) HT-29, HU-VEC-C, MDA-M-231, BT-20
and T-47D : ATCC (USA). Pancreatic epithelial and stromal cells : DS pharma (Japan).
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Gender 1 (%) /11 (%)

Race Age
Liver* Caucasoid Female 15 70 /30
Heart* Caucasoid Pool of 7 donors 61/39
Tissue Skeletal muscle® - Male 23 80/20
(Normal) Brain* Caucasoid Male 50 84/16
Kidney* Caucasoid Pool of 8 donors 62/38
Testes ‘Caucasoid Male 19 100/0
Fibroblast* Mongoloid — — 94/6
Myoblast™® Mongoloid — — 87/13
Cell HUV-EC-C* — — — 88/12
(Normal)  pgycreatic epithelial — — —_ 100/0
Pancreatic stromal  — — —_ 100/0
Brain — Female 22 weeks 100/0
(Fetal)
Skeletal musele — Female 19 weeks 100/0
Breast — Female 55 100/0
Tissue Colon ‘Caucasoid Male 75 100/0
(Cancer) Colon — — —_ 100/0
Pancreas Mongoloid Male 32 100/0
Stomach — - — 100/0
Uterus — — 100/0
Ovary Caucasoid Female 32 100/0
Prostate - Male . — 100/0
HT-29* Caucasoid Female 44 92/8
AS549* Caucasoid Male 58 96/4
Cell
{Cancer)

MDA-M-231
BT-20
T-47D

Caucasoid
Caucasoid
Caucasoid

Female 51 160/0
Female 78 78122
Female 54 53/47

* Tomitsuka, E., ef al., 2003
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Human type | Fp 578 HWRKHTLSYVDVGTGKVTLEYRPVI DKTLNEADCATVPPAI RSY
Human type Il Fp 578 HWRKHTL §FVDVGTGKVTLEYRPVI DKTLNEADCAT] JPPAI RSY

Rat Fp 570 HWRKHTLSYVDTKTGKVTLDYRPVI DKTLNEADCATVPPAI RSY

Mouse Fp 578 HWRKHTLSYVD! KTGKVTLEYRPVI DKTLNEADCATVPPAI RSY

Bovine Fp 582 HWRKHTLSYVDI KTGKVTLEYRPVI DRTLNETDCATVPPAI GBY
Y586F V614l

Figure 9
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