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Methods

Plasmid Constructions. To transform L. amoebiformis cells, cONA fragments of
BnatpD (AY267652), Bnfdx1 (AY267628), BnrplL28 (AY267644), LaCRT
(FJ209028), Tgacp (AF038925), and Gtlhcp (AM491789) with artificial restric-
tionsites at both ends were amplified by PCR and inserted between the Hindlll
and Ncol sites of the pLaRGfp+mc vector generated from the plaRGfp (32). To
introduce mutations (i.e., substitutions or deletions) into the BnatpD frag-
ments, we used a PCR-based site-directed mutagenesis technique (40).

To transform T. gondii cells, the fragments of BnatpD or Gtlhcp fused with
the egfp gene were amplified by PCR, and these fragments were inserted
between the EcoRl and Pacl sites of the pSAG1/1 CAT vector (41), replacing the
CAT gene to generate pSAG-BnAtpD247+GFP and pSAG-GtlLhcp233+GFP,
respectively. A chimera fragment of Tgacp fused with the DsRed-Express gene
(Clontech) was generated using the splicing by overlapped extension by PCR
(42); it was then inserted into the pSAGY/1 CAT, replacing CAT gene. The
resulting fragment, which contained the SAG1 promoter, Tgacp fused with
DsRed, and the SAG1 terminator, was ligated into the Sacll site of
pTubSCATSag1 vector. All constructs were subsequently sequenced to ensure
correct construction.

Transient Transformation. L. amoebiformis (CCMP2058) (43) was grown at
20 °C, under white illumination (80-100 umol photonsm=25~1) with a 12-h
light/12-h dark cycle, in 500 mL Erlenmeyer flasks containing 300 mL of ESM
medium (44). L. amoebiformis cells were transformed with plasmid vectors
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using the Biolistic PDS-1000/He Particle Delivery System (Bio-Rad), as previ-
ously described (32). T. gondii (RH strain) was maintained by growth in a
monolayer of Vero cells in RPMI1640 medium with 3% FCS at 37 °C. The
transformation of T. gondii was carried out via an electroporation method,
using a Gene Pulser Xcell (Bio-Rad) (45). After transformation, those cells were
incubated under the conditions described above.

Ohbservation of GFP Localizations. Twenty-four to 48 h after transformation,
the transient transformed cells expressing reporter genes were observed
under an inverted Zeiss LSM 510 laser scanning microscope (Carl Zeiss); con-
focal imaging was performed using the single-track mode. GFP fluorescence
was detected with a 505-530 nm band pass filter, and plastid autofluorescence
and DsRed fluorescence were detected with 585- and 560-nm-long pass filters,
respectively, in the excitation line of a 488 nmargon laser and a 543 nm He/Ne
laser. The localization of GFP in the transformed cells was also observed using
an immunogold localization method under a transmission electron micro-
scope (SI Methods).
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Case of creeping disease treated with ivermectin
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ABSTRACT

We report a case of creeping disease treated successfully with ivermectin. A 46-year-old man presented with
a 1-month history of pruriginous linear erythema on his right thigh after a visit to indonesia. Although he had no
history of eating raw fish or meat, he walked along the river and in the jungle without wearing shoes. Creeping
disease caused by animal hookworm was strongly suspected. The presence of parasite larvae was not confirmed
in biopsied skin specimens. In enzyme-linked immunosorbent assay, serum samples were negative for binding
to hookworm antigens, including Ancylostoma canium, Necator americanus and Gnathostoma doloresi. He was
treated with a single 12 mg oral dose (200 ug/kg) of ivermectin. The eruption and pruritus resolved within a few

days after the administration and did not relapse.

Key words:

INTRODUCTION

Creeping disease (cutaneous larva migrans) is a skin
disease due to infection by the larval form of
nematodes. In Japan, creeping disease caused by
Gnathostoma spp. is most common in people who
eat freshwater fish or the Japanese copperhead
snake, whereas larval hookworm infection such as
Ancylosotoma canium and Ancylostoma brasilliense is
rare and is usually present as percutaneous infection.!

Ivermectin has been commonly used against
onchocerciasis and scabies.? Recently, some cases
have been reported of creeping disease treated
successfully by oral administration of ivermectin in
European and North American countries.*® However,
we are aware of only two patients with Ancylostoma
spp. infection treated with ivermectin in Japan.®’
Herein, we present a case of creeping disease,
probably caused by animal hookworms, successfully
treated with ivermectin. We also report the results
of microplate enzyme-linked immunosorbent assay
(ELISA).

ancylostoma, creeping eruption, hookworm, ivermectin, larva migrans.

CASE REPORT

A 46-year-old-male Japanese office worker consulted
our clinic, complaining of an itchy rash elongating by
1 cm per day on his right posterior thigh. He noticed
the eruption after travelling to Indonesia. He denied
eating any raw fish or meat, but admitted to walking
along a river and in the jungle without shoes, and
he had a history of leech bite. Creeping disease
was suspected because of the typical clinical
manifestation.

Serpiginous linear erythema, 2-3 mm wide, was
distributed on the back of his right thigh (Fig. 1a).
Pinhead-sized papules and vesicles were found at
the edge of the erythema. The patient complained
of pruritus. Laboratory examination did not reveal
eosinophilia or elevation of immunoglobulin (Ig)E
levels.

Three days after his first visit, the fresh linear
erythema had elongated by approximately 3 cm
(Fig. 1b). Ultrasonography did not show presence of
the parasite. Histology showed moderate eosinophilic
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Figure 1. (a) A serpiginous linear erythema on the thigh. (b) A fresh erythema elongating approximately 3 cm long. A
skin biopsy was taken from two different locations, indicated by the black arrows.

Figure 2. Perivascular eosinophilic infiltration in the dermis is noted. The parasite or the larva tract was not detected

(original magnification: [a] x40; [b] x400).
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Necator americanus, Ancylostoma 0.05 02
caninum and Gnathostoma doloresi. 0 X

Significant elevation of the titers was
not observed. (Positive control was
serum from an ancylostomiasis patient
in Papua New Guinea. Negative con-
trol was sera from healthy volunteers
of Miyazaki University.)

positive control
negative control

infiltration around the small blood vessel. However,
neither the body of the parasite nor a cleft indicating
the larva tract were detectable (Fig. 2). We investi-
gated the sera from the patient, sampled before and
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after the treatment. Specific IgG antibody titers in
the sera were measured by micropiate ELISA using
human hookworm (Necator americanus), dog
hookworm (Ancylostoma caninum) and Gnathostoma
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Figure 4. (g) Further elongation of fresh erythema. (b) A brown-colored pigmentation 4 days after taking ivermectin.

(Gnathostoma doloresi) (Fig. 3). Examination for
Gnathostoma was negative. Antibody titers against
N. americanus and A. caninum were above the
negative control, although, compared with the
positive control, immunoreactions of the patient’s
sera were weak. Because the titer was below 0.1
(optical density, 450 nm), we considered that elevation
of the titer was not significant.

We diagnosed this case as creeping disease,
because of the typical serpiginous erythema and a
history of traveling in southeast Asia. Creeping
disease caused by percutaneous infection such as
A. canium and A. brasilliense was strongly suspected.

One week after the biopsy, further elongation of
the worm tunnel was observed (Fig. 4a). A single
oral dose of 200 ug/kg ivermectin between meals
was then administered. Four days after taking
ivermectin, the erythema faded (Fig. 4b). The pruritus
resolved within 2 days of the administration. Neither
adverse reaction nor recurrence was observed.

DISCUSSION

Creeping disease is an infectious skin disease
caused by the larval form of nematodes. Our case
was considered as a percutaneous larval hookworm
infection. The patient had traveled to southeast
Asia, where the main species is A. brasilliense,
which is common in tropical areas, but A. canium
and other canine species may also be the cause of
the pathogen. According to Bouchaud et al.,® in
cases of creeping disease with Ancylostoma spp.,
the incubation period is usually not more than
1 month, and pruritus was observed in all cases.
The creeping eruption caused by A. brasilliense can

88

resolve spontaneously in most cases, because the
larvae are not able to complete their life cycle within
humans and die after several months. However, our
patient continued to suffer from severe pruritus, and
was treated with a single oral dose of 200 ug/kg
ivermectin. Previous reports state that the mean
interval between ivermectin intake and the disap-
pearance of pruritus is 3 days, and the mean interval
between ivermectin therapy and the disappearance
of lesions is 9 days.®

Ivermectin is a semisynthetic macrolide endec-
tocide which has been often used against oncho-
cerciasis and scabies.? Recently, several reports
from Europe and North America have reported the
efficacy of ivermectin against creeping disease. In a
prospective study performed in France, 64 patients
with creeping disease were enrolled and treated
with a single 200 pg/kg dose of ivermectin taken
between meals,® and 77% of them were cured. After
one or two supplementary doses, the overall cure
rate reached 97% . In a previous report by Caumes
et al., a single 400 ug/kg dose of ivermectin was
effective for all 10 patients.* Karavichian et al. reported
that 17 patients were treated with a single 200 ug/kg
dose of ivermectin, and 76% patients were cured.?
However, we know of only two cases of creeping
disease treated with ivermectin published in Japan 57

To confirm the diagnosis, it is necessary to detect
the larvae in the biopsied specimen. But this is
difficult because the parasite moves rapidly beyond
the obvious lesion. Therefore, we measured the
parasite-specific IgG antibody titers in the patient’s
sera by microplate ELISA. The elevation of the
antibody titers, however, was not significant. Immu-
noserological examination is known to show negative

© 2009 Japanese Dermatological Association
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in most patients with A. brasilliense and A. canium
infection, because hookworms are too small to
cause sufficient immunoresponse and produce
antibody.® According to Uchiyama et al., only three
of seven suspected cases of Ancylostomas spp.
infection showed seropositive against two hookworm
antigens (N. americanus and A. caninum).! In contrast,
in cases with Gnathostoma and Ascaris spp. infection,
microplate ELISA is usually positive and has
diagnostic significance.® Immunoserological exami-
nation may be of limited help in the diagnosis of
creeping disease by Ancylostoma spp. and Ascaris
spp. because it shows false-negative in many patients.
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Fulminant Eosinophilic Myocarditis Associated With
Visceral Larva Migrans Caused by Toxocara Canis Infection

Kenki Enko, MD; Takeshi Tada, MD; Keiko O. Ohgo, MD; Satoshi Nagase, MD;
Kazufumi Nakamura, MD; Kei Ohta, MD*; Shingo Ichiba, MD*; Yoshihito Ujike, MD*;
Yukifumi Nawa, MD**; Haruhiko Maruyama, MD**; Tohru Ohe, MD; Kengo F. Kusano, MD

A 19-year-old man was transferred to hospital because of myocarditis with cardiogenic shock. Echocardiography
showed a left ventricular ejection fraction of 23.8% and an intermediate amount of pericardial effusion. The
patient immediately received an intra-aortic balloon pump and percutaneous cardiopulmonary support. Right
ventricular endomyocardial biopsy was performed in the acute phase and showed extensive eosinophilic inflam-
matory cell infiltration, severe interstitial edema and moderate myocardial necrosis. High-dose corticosteroids
were administered. Because the patient’s antibody titer against Toxocara canis was high and his symptoms had
appeared after eating raw deer meat, the diagnosis was fulminant eosinophilic myocarditis caused by a hypersen-
sitivity reaction to visceral larval migrans. After starting high-dose corticosteroids, the ejectionfraction dramati-
cally improved, the eosinophilia decreased and the patient made a full recovery. (Circ J 2009; 73: 1344 -1348)

Key Words: Corticosteroids; Eosinophilia; Myocarditis; Toxocara canis; Visceral larva migrans

nant course, which can be fatal without mechani-

cal support. Most of these fulminant cases are
caused by viral infection for which corticosteroids are not
effectivel:? Visceral larva migrans (VLM), described by
Beaver et al in 1952} results mainly from infection by the
common roundworms of dogs and cats, Toxocara (T.) canis
and T. cati, respectively. Infection with the parasite usually
causes marked eosinophilia and the development of eosino-
philic-rich granulomatous lesions in the soft tissues of the
body, including the myocardium®* It has been reported that
administration of high-dose corticosteroids in the early
stage can dramatically improve eosinophilic myocarditis,
but fulminant cases are usually diagnosed at autopsy. We
report a rare case of fulminant eosinophilic myocarditis
caused by a hypersensitivity reaction to VLM.

3 cute myocarditis occasionally progress to a fulmi-

Case Report

A 19-year-old man presented at a local hospital com-
plaining of chest discomfort and pain. He had been healthy
with no significant preceding symptoms, allergic history or
past medical history. ECG showed a slight ST elevation in
all limb and precordial leads, except for aVr (Figure 1A).
Chest X-ray showed cardiomegaly, pulmonary congestion
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Table 1. Results of Blood Examination on Admission

Complete blood count

WBC 22,900/u1
Neutrophils 72.2%
Lymphocytes 16.6%
Monocytes 6.6%
Eosinophils 4.6% (1,053 /u1)
Basophils 0%

RBC 560x104/1

Hemoglobin 17.9g/dl

Hematocrit 54.3%

Platelets 25.8x104u1

Blood chemistry

Total bilirubin 3.09 mg/di

Total protein 5.8g/di

Albumin 3.6g/dl

AST 2,4621U/L

ALT 2,9671U/L

LDH 2,126 IU/L

CK 1441U/L

Troponin T (+)

BUN 24.Tmg/dl

Cr 1.21mg/d!

UA 10.2mg/dl

Na 130 mmol/L

K 4.9 mmol/L

Ci 100 mmol/L

CRP 4.0mg/dl

ECP 54.9ng/mi

Infection markers

HBs-Ag )]

HCV-AB O]

STS =)

TPHA O]

WBC, white blood cells; RBC, red blood cells; AST, aspartate aminofrans-
ferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CK,
creatine kinase; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid;
CRP, C-reactive protein; ECP, eosinophil cationic protein; HBs-Ag, hepa-
titis B surface antigen; HCV, hepatitis C virus; TPHA, Treponema pallidum
hemagglutination.
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A B

Table 2. Viral Antibody Tests

Figure 1. (A) Twelve-lead ECG on ad-
mission shows ST elevation. (B) Chest X-
ray on admission shows the enlarged cardiac
silhouette with pleural effusion.

Acute phase (admission)

Chronic phase (day 18)

Positive
Coxsackie virus A16 (x64)
Coxsackie virus B4 (x32)
Parainfluenza 3 (x40)
Herpes simplex (x16)
Echo 12 (x32)

Negative
Echo 3, 6,7, 11
Coxsakie virus A7
Coxsakie virus B1, B2, B3, B5, B6
Adenovirus, mumps virus, RS virus

Positive
Coxsackie virus A16 (x64)
Coxsackie virus B4 (x16)
Parainfluenza 3 (x40)
Herpes simplex (x16)
Echo 12 (x16)

Negative
Echo3,6,7,11
Coxsakie virus A7
Coxsakie virus B1, B2, B3, B5, B6
Adenovirus, mumps virus, RS virus

A On admission

end-diastole end-systole

B follow-up period of 6 months

end-systole

end-diastole

Figure 2. Echocardiography. (A) Large amount of pericardial effusion, wall thickening and severely decreased wall
motion. (B) Six months after discharge, all abnormalities have improved dramatically.

and left pleural effusion (Figure 1B). He was admitted as
an emergency with the suspicion of acute pericarditis, After
admission, his general condition and left ventricular ejec-
tion fraction (LVEF) rapidly deteriorated and administra-
tion of dopamine was started because of cardiogenic shock.
The next day he was transferred to our hospital for treat-
ment of fulminant myo/pericarditis of unknown etiology.

Circulation Journal Vol 73, July 2009

On admission, his systolic blood pressure was 80 mmHg
and heart rate was 130beats/min with paradoxical pulse. A
third heart sound was audible and his jugular vein was dis-
tended. Hematological and serological examinations
(Table 1) showed marked increases in the total white blood
cell count (22,900/1) and eosinophil count (1,053/u1). C-
reactive protein was also elevated (4.0 mg/dl), as was eosin-
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Figure 3. (A) Diffuse inflammatory infiltrate of the myocardium and endocardial involvement by mural thrombi con-
taining eosinophils (arrows; H&E, %25). (B) Eosinophil-rich inflammatory infiltrate with associated interstitial edema
(H&E, x200). (C) Interstitial Inflammatory infiltrated with associated myocyte necrosis (arrowheads; H&E, x400). (D)
Infiltrating eosinophils revealed by immunostaining with major basic protein (x400).
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Figure 4. Clinical course. After starting corticosteroid
treatment, LVEF and CI dramatically improved, with a
decrease in the number of cosinophils. mPSL, methyl-
prednisolone; PSL, prednisolone; DOA, dopamine;
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ophilic cationic protein (ECP: 54.9ng/ml; normal range:
<14.7 ng/ml). Immunological examination on the first day
of admission revealed positive antibody titers for Coxsackie
virus A16, Coxsackie virus B4, parainfluenza 3, herpes
simplex and echo 12 were positive, and negative titers for
adenovirus, mumps, Coxsackie virus, echovirus (except for
type 12), herpes simplex, parainfluenza, and RS virus.
However, there was no significant change in the antibody
titers in the tests performed in the chronic phase, which
ruled out the active phase of viral infection (Table 2).

Echocardiography showed severe hypokinesis of the left
ventricular wall motion (LVEF: 23.8%), with thickening of
the left ventricle and a large amount of pericardial effusion
(Figure 2A). A diagnosis of fulminant myocarditis with
cardiogenic shock was made. An intra-aortic balloon pump
(IABP) and percutaneous cardiopulmonary support (PCPS)
were immediately inserted and cardiac catheterization was
then performed to decide the course of treatment.

Coronary angiography revealed no stenotic lesions.
Right heart catheterization showed a pulmonary artery sys-
tolic pressure of 51 mmHg, pulmonary artery wedge pres-
sure of 20mmHg, and right atrial pressure 18 mmHg. Right
ventricular endomyocardial biopsy was performed and his-
topathology revealed extensive interstitial edema with
diffuse inflammatory interstitial infiltrate and myocardial
necrosis. The infiltrating cells were eosinophils that had
partially degranulated. These findings were compatible
with acute eosinophilic myocarditis (Figure 3).

We started intravenous methylprednisolone at S00mg/day
for 3 days, followed by oral administration of prednisolone
at 50 mg/day. After starting corticosteroid therapy, his ven-
tricular function dramatically improved and the eosinophil
count decreased promptly and normalized. On day 6 (day 1
is date of admission), the IABP and PCPS were removed
(Figure 4) and prednisolone was tapered over a period of
8 weeks.

The patient has been doing well without any cardiac
events since discharge and echocardiographic findings have
remained normal during follow-up of 6 months (Figure 2B).

Anti-IgG to T. canis was detected in his serum by a com-
mercial multiple-dot ELISA kit (SRL, Tokyo, Japan),
although we could not find evidence of the parasites in the
myocardial biopsy. Therefore, we performed further exam-
ination at the Department of Parasitology, Miyazaki
Medical University, Miyazaki, Japan. Binding of patient
serum to parasite antigens was tested using ELISA. Briefly,
wells of microtiter plates were coated with 10 ug/ml of T.
canis larval excretory—secretory antigen, and incubated
with diluted samples (1:900-1:2,700). Binding of antibod-
ies to T. canis antigen was detected with horse-radish per-
oxidase-conjugated anti human IgG and optical densities
were read with a microplate reader (BioRAD). The patient
had eaten raw deer meat 1 week before admission, so the
final diagnosis was fulminant eosinophilic myocarditis
caused by a hypersensitivity reaction to VLM after T. canis
infection. We got the result 4 months after he had been dis-
charged and prescribed albendazole (600 mg/day), which
was continued for 4 weeks without any adverse effect.

Discussion

Acute fulminant eosinophilic myocarditis is a rare disor-
der of unknown etiology, frequently resulting in cardio-
genic shock and a fatal clinical course. Predisposing factors
include viral infection, history of allergic diathesis, and

Circulation Journal Vol.73, July 2009
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initiation of new medications® It has been suggested? that
there are 3 clinical stages of eosinophilic myocarditis: acute
necrotizing phase, thrombotic phase and endomyocardial
fibrosis phase. Loffler’s endomyocarditis is considered to
correspond to the second stage of eosinophilic endomyo-
cardial disease. The third stage probably corresponds to
restrictive myocarditis. Differential diagnoses include other
types of myocarditis, Churg-Strauss syndrome, hypersensi-
tivity reaction, malignant diseases, parasitic infection or
hypereosinophilic syndrome. Eosinophilic myocarditis
associated with hypereosinophilic syndrome is usually less
acute and less severe than acute fulminant necrotizing
eosinophilic myocarditis$ In the present case, the patholog-
ical findings were compatible with fulminant necrotizing
eosinophilic myocarditis.

Because the symptoms of the patient appeared after
eating raw deer meat and because the antibody titer against
T. canis was high, we made a final diagnosis of eosino-
philic myocarditis associated with VLM because of T. canis
infection. T. canis, the common dog roundworm, is 1 of the
causative agents of VLM, When embryonated eggs of T.
canis from contaminated meat reach the human gastroin-
testinal tract, they hatch and enter the portal system, reach-
ing the liver. Some larvae then migrate to the lungs and
heart through the systemic circulation®10 A previous case
of myocarditis associated with VLM has been reported!!
and another in Japani? so the present case is a very rare
occurrence. Although the Myocarditis Treatment Trial
found no statistical advantage of corticosteroid treatment in
biopsy-proven myocarditis (Dallas Criteria)? it has been
suggested that eosinophilic heart disease may be a subset
with greater responsiveness! to corticosteroids. However,
acute fulminant eosinophilic myocarditis is usually fatal
and antemortem diagnosis is difficult. Corticosteroid
therapy in the early stage can have favorable effect if early
diagnosis by endomyocardial biopsy is made. In the present
case, endomyocardial biopsy in the acute phase was helpful
for diagnosis and therapeutic decision-making. Necrotizing
eosinophilic myocarditis associated with VLM is very rare,
but it should be taken into consideration.

Albendazole is a benzimidazole anthelmintic and is used
as treatment for various parasitic infections. The mecha-
nism of its anthelmintic action is inhibition of tubulin
polymerization and microtubule-dependent glucose uptake
inhibition. It has been reported that the incidence of adverse
effects of albendazole is 23% and that the main adverse
effect is liver injury (16%)13 We were able to continue
albendazole treatment of the present patient for 4 weeks
without any adverse effects. Prompt anthelmintic treatment
for parasite infection is recommended in eosinophilic myo-
carditis associated with VLM, so we should have adminis-
tered albendazole earlier in the clinical course.

The patient was thought to be complicated by cardiac
tamponade on admission, so PCPS was immediately
inserted because of rapid worsening of left ventricular con-
traction and cardiogenic shock. The patient became hemo-
dynamically stable with the PCPS and pericardial effusion
decreased dramatically after starting corticosteroid therapy,
so we did not perform pericardiocentesis on admission,
which we probably should have done.
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Abstract

In bacterial membranes and plant, fungus and protist mitochondria, NADH
dehydrogenase (NDH-II) serves as an alternative NADH : quinone reductase, a
non-proton-pumping single-subunit enzyme bound to the membrane surface.
Because NDH-II is absent in mammalian mitochondria, it is a promising target for
new antibiotics. However, inhibitors for NDH-II are rare and unspecific. Taking
advantage of the simple organization of the respiratory chain in Gluconobacter
oxydans, we carried out screening of natural compounds and identified scopafun-
gin and gramicidin S as inhibitors for G. oxydans NDH-IL Further, we examined
their effects on Mycobacterium smegmatis and Plasmodium yoelii NDH-II as model
pathogen enzymes.

Editor: Atsushi Yokota

Keywords
acetic acid bacteria; respiratory chain; NADH
dehydrogenase; inhibitor; antibiotics.

Introduction

Obligate aerobe Gluconobacter is a genus of acetic acid
bacteria that can oxidize a broad range of sugars, sugar
alcohols and sugar acids. Low biomass yield and the rapid
and incomplete oxidation of carbon sources (oxidative
fermentation), which take place in the periplasm and is
accompanied by the accumulation of products into the
culture medium, make them suitable for industrial applica-
tions for bioconversion to obtain a variety of valuable
products {Deppenmeier et al., 2002; Adachi et al, 2007).
Key oxidation processes are catalyzed by dehydrogenases
bound to the outer surface of the cytoplasmic membrane,
and linked to the generation of proton-motive force
(Matsushita et al., 1994).

The recently released complete genome of Gluconobacter
oxydans American Type Culture Collection 621H indicates
that the respiratory chain lacks Complex I (NADH : quinone
reductase, NDH-I}, Complex II (succinate: quinone reduc-
tase) and Complex IV (cytochrome ¢ oxidase) (Prust et al.,

FEMS Microbiol Lett 291 (2009) 157-161

2005). Genes encoding putative Complex III (quinol: cyto-
chrome ¢ reductase) and cytochrome ¢ have been identified,
but their functions are unclear because of the absence of
cytochrome ¢ oxidase. NADH produced in the cytoplasm is
reoxidized by a single-subunit NADH dehydrogenase
(NDH-II), a key enzyme for the regeneration of an oxidized
form of NAD. NDH-II is bound peripherally to the inner
surface of the cytoplasmic membrane and does not pump
proton. Quinols generated by membrane-bound dehydro-
genases are directly oxidized by cytochrome bo; oxidase
(Matsushita et al., 1987) and/or cyanide-insensitive oxidase
(Ameyama et al., 1987).

Taking advantage of the simple organization of the
Gluconobacter respiratory chain (Matsushita et al., 1994),
here, we identified new inhibitors for NDH-II, which has
been shown to be crucial for the adaptation of Mycobacter-
ium tuberculosis (Shi et al, 2005) and malaria parasite
Plasmodium spp. (Fisher et al., 2007) to host environments.
From the screening of natural antibiotics in the Kitasato
Institute for Life Sciences Chemical Library (Ui et al., 2007),

© 2008 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

- 280 —



158

we found the inhibitory activity of 36-membered ring
macrolide scopafungin (Johnson & Dietz, 1971) and cyclic
decapeptide gramicidin S (GS) (Izumiya et al., 1979) (Fig. 1)
for the G. oxydans NDH-II, and we examined their inhibi-
tory mechanism and effects on Mycobacterium smegmatis
and Plasmodium yoelii NDH-IL.

Materials and methods

Preparation of bacterial membrane vesicles

Gluconobacter oxydans NBRC3172 (formerly G. suboxydans
IFO12528) was grown aerobically in complex media con-
taining 20 g of sodium p-gluconate, 5g of p-glucose, 3 g of
glycerol, 3 g of yeast extract and 2 g of polypepton (Nihon
Pharmaceutical Co.) per 1L using a 50-L jar fermentor at
30 °C. Cells were harvested at the late-log phase, suspended
in 10 mM potassium phosphate (pH 6.0) and disrupted with
a Rannie high-pressure laboratory homogenizer (model
Mini-Lab, type 8.30H, Wilimington, MA). After centrifuga-
tion, to remove intact cells, the supernatant was centrifuged
at 86000g for 60min and precipitated membranes were
suspended in 50 mM Tris-HCI (pH 7.4) containing 10%
sucrose and 3 mM EDTA. Mycobacterium smegmatis mc*155
was grown aerobically at 37 °C, and membrane vesicles were
prepared from the stationary-phase cells (Kana et al., 2001).

Preparation of malaria parasite mitochondria

Rodent malaria P. yoelii strain 17XL was injected intraper-
itoneally into 8-week-old female BALB/c mice, and parasite
mitochondria were prepared as in Takashima et al. (2001).
Rat liver mitochondria were prepared as in Johnson & Lardy
(1967).

Enzyme assay

NADH : ubiquinone-1 (Q,) reductase (NQR) activity of the
membranes was measured at 25 °C in 100 mM Tris-HCl (pH
7.4) containing 10% sucrose, 0.02% Tween 20 (Calbio-
chem), 10 mM KCN and 100puM Q; with a V-660 double
monochromatic spectrophotometer (JASCO, Tokyo, Japan)
{(Mogi et al., 2008), and reactions were initiated by addition
of NADH (g340=6.3mM ™ cm™, Roche) at a final concen-
tration of 200 uM. Mitochondrial NQR and succinate: Q,
reductase activities were determined in 50 mM potassium
phosphate (pH 7.4) containing 1 mM MgCl,, 0.02% Tween
20, 2mM KCN and 100uM Q; (8375 =123mM ™ em™),
and reactions were initiated by 200 uM NADH or 10mM
potassium succinate, respectively. NADH oxidase activity
was measured in the absence of Q;. Data analysis was carried
out as in Mogi et al. (2008).
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Fig. 1. Structures of ubiquinone, HQNO, aurachin C1-10, scopafungin
and GS.

Materials

Synthesis of aurachin C 1-10 (Miyoshi et al, 1999) was
carried out as described previously. 2-Heptyl-4-hydroxyqui-
noline-N-oxide (HQNO) was obtained from Sigma,

Results and discussion

Screening of Kitasato Institute for Life Sciences
Chemical Library

From the screening of a total of 304 microbial compounds
(Ui et al., 2007) at final concentrations of 5 pgmL™ with
G. oxydans membranes, we revealed the inhibitory activities
of scopafungin (niphimycin; residual activity, 33%), GS
(31%), polymixin B (51%), aculeacin A (63%), funiculosin
(68%) and staurosporine (70%) on 0.2 mM NADH-0.1 mM
Q, reductase activity of NDH-II,

Inhibitors for NDH-II are rare and mostly unspecific
(Kerscher, 2000). Recently, quinolone derivatives [1-hydro-
xy-2-dodecyl-4(1H)quinolone, HQNO and aurachin C]
were identified as potent inhibitors for the quinone reduc-
tion site of yeast NDH-II (Eschemann et al., 2005; Yamashita
et al., 2007). We examined the effects of quinolone inhibi-
tors on the G. oxydans NDH-II and found that HQNO and
aurachin C 1-10 at 10 uM reduced the NQR activity of the
G. oxydans membranes to 28% and 12%, respectively, of the
contro] level. Because of the limitation in the availability of
isolated natural compounds, we examined further effects of
scopafungin and GS (Fig. 1), which are not structurally
related to ubiquinone, but showed potent inhibitory activ-
ities on the G. oxydans NDH-IL.

Determination of 50% inhibitory concentration
(1Cs0) values for NDH-II inhibitors

We examined the dependence of the NQR activity on the
concentration of GS, scopafungin, HQNO and aurachin C
1-10 and determined their ICso to be 1.240.2, 62£0.5,

FEMS Microbiol Lett 291 (2009) 157-161
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Fig. 2. Inhibition of Gluconobacter oxydans NDH-ll by scopafungin, GS,
HQNO and aurachin C 1-10. NQR activity of G. oxydans membranes
(10 pg protein mL™") was determined in the presence of scopafungin (®),
GS (0), HQNO (A) or aurachin C1-10 (A). Data points were average
values from duplicate assay. Control activity was 10.2Umg™" protein.
ICso values for GS, scopafungin, HQNO and aurachin C1-10 were
estimated to be 1.2, 6.2, 1.7 and 0.34 uM, respectively.

1.7 4:0.1 and 0.34 £ 0.04 pM, respectively (Fig. 2). The ICsq
value for GS was < 3.5uM for the Escherichia coli bd-type
quinol oxidase (Mogi et al., 2008), and the values for HQNO
and aurachin C are comparable to 8 and 0.2 pM, respec-
tively, of yeast Saccharomyces cerevisine NDI1 (Yamashita
et al., 2007).

Kinetic analysis of inhibition of NADH-Q,
reductase activity of NDH-Il by scopafungin and
GS

NADH-dependent NQR activity showed simple Michaelis—
Menten kinetics with an apparent K, value of 157 uM for
NADH (at 0.2mM Q) (Fig. 3). The K, value for NADH
was higher than those reported for yeast Yarrowia lipolytica
NDE (15uM) (Kerscher et al, 1999), yeast S. cerevisiae
NDI1 (31 pM) (de Vries & Grivell, 1988), human malaria
Plasmodium falciparum NDH-II (17 uM) (Biagini et al.,
2006) and E. coli Ndh (34puM) (Bjorklof er al, 2000).
Q;-dependent NQR activity followed Michaelis-Menten
kinetics with an apparent K, value of 16.24 0.7 uM (Q;)
(Fig. 4), which is similar to 16 pM (Q;) in P. falciparum
(Biagini et al., 2006), 5.9 pM (Q,) in E. coli (Bjorklof et al.,
2000), 6.4 uM (Q,) in M. tuberculosis (Kana et al., 2001) and
7uM (decyl benzoquinone) in Y. lipolytica (Eschemann
et al., 2005).

Macrolide scopafungin and cyclic decapeptide GS (Fig. 1)
are structurally unrelated to both NADH and ubiquinone,
and serve as noncompetitive inhibitors (K;=5.5 and 1.4 uM,
respectively) for the NADH-binding site of NDH-II (Fig. 3).
Unexpectedly, scopafungin and GS were found to be a
mixed-type inhibitor and a competitive inhibitor for the
quinone-binding site, respectively (Fig. 4). These results
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Fig. 3. Kinetic analysis of effects of scopafungin and GS on the NADH-
dependent NQR activity of Gluconobacter oxydans NDH-I. (a) Noncom-
petitive inhibition by scopafungin. Apparent V., values were estimated
to be 193 (control), 17.2 (2uM scopafungin) and 11.9 (4pM
scopafungin) U mg™ protein at K= 157 pM. (b) Noncompetitive inhibi-
tion by GS. Apparent Vimay values were determined to be 21.9 (control),
16.5 (2 uM GS) and 13.2 (4 uM GS)Umg ™" protein at Ky, = 157 pM.

indicate that both compounds bind to a hydrophobic
binding pocket on NDH-II molecule, which is closer to the
quinone reduction site.

Effects of scopafungin and GS on M. smegmatis
and P. yoelii NDH-II

Macrolide antibiotics are known to be more active against
Gram-positive bacteria and fungi (Izumiya et al., 1979), but
targets remain to be determined while GS is active against
Gram-positive and Gram-negative bacteria and several
pathogenic fungi (Kondejewski et al., 1996). The primary
mode of the action of GS is generally assumed to perturb
lipid packing, resulting in the destruction of the membrane
integrity and enhancement of the permeability of the lipid
bilayer (Prenner et al., 1997). Very recently, we found that
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Fig. 4. Kinetic analysis of effects of scopafungin and GS on the Q;-
dependent NQR activity of Gluconobacter oxydans NDH-Ii. (a) Mixed-
type inhibition by scopafungin. Apparent Ky, (pM) and Viax (Umg™
protein) values were estimated to be 15.5 and 9.6 (control), 17.4 and 9.0
(2 uM scopafungin), 22.4 and 6.5 (4 pM scopafungin) and 24.9 and 5.3
(8 uM scopafungin). (b) Competitive inhibition by GS. The apparent Ko,
values were determined to be 16.9 (control), 21.7 (0.5uM GS), 37.5
(1 uM GS) and 68.3 (2 uM GS) uM at Vi = 10.1 Umg™ protein.

GS can directly inhibit the E. coli bd-type quinol oxidase in a
mixed-type manner (Mogi et al., 2008). From the screening
of the Kitasato Institute for Life Sciences Chemical Library
with G. oxydans membranes, here, we identified scopafungin
and GS as new inhibitors for NDH-IL

NDH-II is a promising target of new antibiotics because
of the absence of NDH-II in mammalian mitochondria. The
antiplasmodial activities of NDH-II inhibitors, HQNO
(ICs0=3.5 uM) (Fry et al., 1990) and 1-hydroxy-2-dodecyl-
4(1H) quinolone (ICso=14nM) (Saleh et al., 2007), have
been reported previously. Thus, we examined the effects of
scopafungin and GS on the NQR activity of M. smegmatis
and rodent malaria P. yoelii NDH-II. At 10 puM, scopafungin
showed minor effects on rat liver mitochondrial Complex I,
Complex II and Complex III plus IV, while GS reduced
NADH oxidase activity to 35% of the control by inhibiting
the Complex III plus IV activity (Table 1). Although the ICs,
values of scopafungin and GS for rodent malaria NDH-II
were rather high (16.1+3.0 and 23.0+7.1pM, respec-
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Table 1. Effects of GS and scopafungin on the rat liver mitochondrial
respiratory enzymes

Relative residual activity (%)

Enzyme activity 10pM GS 10 puM scopafungin
NADH : Q reductase (Complex 1) 107 89
Succinate : Q4 reductase (Complex I) 90 82
NADH oxidase (Complexes I+ Hil+1V) 35 84

Control activities were 154 (NADH : Q; reductase), 247 (succinate : Q,
reductase) and 102 (NADH oxidase) mUmg™ protein.

Residual activity

1N o ot =

H » [o] o
T T T T
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0.001  0.01 0.1 1 10 100
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Fig. 5. Inhibition of Mycobacterium smegmatis and Plasmodium yoelii
NDH-ll by GS and scopafungin. Control activities of M. smegmatis
membranes and P yoelii mitochondria were 1.1 and 0.071 Umg™
protein, respectively. The ICsq values for GS were estimated to be 2.0
(M. smegmatis, ®) and 23 (P yoelii, ©) uM and those for scopafungin
were 9.8 (M. smegmatis, A) and 16 (P, yoelii, A) uM.

tively), both scopafungin and GS inhibited M. smegmatis
NDH-II with ICso values of 9.840.7 and 2.04+0.1 uM,
respectively (Fig. 5), which are better than 12puM of tri-
fluoperazine for M. tuberculosis NDH-II (Yano et al., 2006).
Because scopafungin did not show severe effects on mam-
malian respiratory enzymes, it is a candidate for antimyco-
bacterial agents. Here, we showed that the Kitasato Institute
for Life Sciences Chemical Library (Ui et al., 2007) was a
powerful source for new potent antibiotics targeting to
respiratory enzymes. For the identification of potential
candidates, screening with recombinant NDH-IIs is cur-
rently underway in our laboratory.
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