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Featured article of the month. Ultrastructural diversity be-
tween centrioles of eukaryotes

Akshari Gupta'?® and Daiju Kitagawa'?

! Division of Centrosome Biology, Department of Molecular
Genetics, National Institute of Genetics, Mishima, Shizuoka
411-8540, Japan; > Department of Genetics, School of Life Sci-
ence, Graduate University for Advanced Studies (SOKENDALI),
Mishima, Shizuoka 411-8540, Japan and * Swiss Institute for
Experimental Cancer Research (ISREC), School of Life Sci-
ences, Swiss Federal Institute of Technology (EPFL), CH-1015
Lausanne, Switzerland

Several decades of centriole research have revealed the beautiful
symmetry present in these microtubule-based organelles, which
are required to form centrosomes, cilia and flagella in many
eukaryotes. Centriole architecture is largely conserved across
most organisms; however, individual centriolar features such as
the central cartwheel or microtubule walls exhibit considerable
variability when examined with finer resolution. In this paper,
we review the ultrastructural characteristics of centrioles in com-
monly studied organisms, highlighting the subtle and not-so-sub-
tle differences between specific structural components of these
centrioles. In addition, we survey some non-canonical centriole
structures that have been discovered in various species, from the
coaxial bicentrioles of protists and lower land plants to the giant
irregular centrioles of the fungus gnat Sciara. Finally, we specu-
late on the functional significance of these differences between
centrioles, and the contribution of individual structural elements
such as the cartwheel or microtubules towards the stability of
centrioles.

Keywords: centriole structure; cartwheel; SAS-6; triplet micro-

tubules; centrosome.

Featured article of the month. RAB39A4: a Rab small GTPase
with a prominent role in cancer stemness

Tokuhiro Chano' and Sofia Avnet®

! Department of Clinical Laboratory Medicine, Shiga Univer-
sity of Medical Science, Seta, Otsu, Shiga 520-2192, Japan and
? Orthopaedic Pathophysiology and Regenerative Medicine Unit,
Istituto Ortopedico Rizzoli IRCCS, Bologna, Italy

RAB39A is a Rab small GTPase that localizes at distinct sub-

cellular compartments and regulates intracellular membrane

trafficking pathways in vertebrate cells. RAB39A interacts with
various molecules and modulates vesicular trafficking that regu-
lates multiple biological pathways such as neuronal differentia-
tion and/or autophagy. Among these pathways are Hippo and
Notch signallings, microtubular organization and mitophagy/
autophagy. Although RAB39A has never been studied in cancer
biology, it has been recently shown to promote cancer stemness
and tumorigenesis. Molecular pathways regulated by RAB39A
are transcriptionally maintained by the formation of molecular
complex with RXRB, NCOR and HDAC that also contribute to
cancer stemness. In this review, we provide current knowledge
on the oncogenic function of RAB39A and summarize the effect
of different microenvironments on RAB39A activity and subcel-
lular localization in cancer cells.

Keywords: cancer stemness; membrane trafficking; oncogenic
mutation; RAB39A; Rab small GTPase.
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Intramolecular H-bonds govern the recognition of a flexible
peptide by an antibody

Kazuhiro Miyanabe', Hiroki Akiba®®, Daisuke Kuroda®, Makoto
Nakakido?, Osamu Kusano-Arai*, Hiroko Iwanari’, Takao Ha-
makubo?, Jose M.M. Caaveiro™ and Kouhei Tsumoto"***

! Department of Chemistry and Biotechnology, School of Engi-
neering, The University of Tokyo, Bunkyo-ku, Tokyo 113-8656,
Japan; * Department of Bioengineering, School of Engineering,
The University of Tokyo, Bunkyo-ku, Tokyo 113-8656, Japan;
3 Laboratory of Pharmacokinetic Optimization, Center for Drug
Design Research, National Institutes of Biomedical Innovation,
Health and Nutrition, 7-6-8 Saito-Asagi, Ibaraki City, Osaka
567-0085, Japan; * Quantitative Biology and Medicine, Research
Center for Advanced Science and Technology, The University
of Tokyo, Meguro-ku, Tokyo 153-8904, Japan; ° Laboratory of
Global Healthcare, Graduate School of Pharmaceutical Sciences,
Kyushu University, 3—-1-1 Maidashi, Higashi-ku, Fukuoka 812-
8582, Japan and ¢ Laboratory of Medical Proteomics, Institute of
Medical Science, The University of Tokyo, 4-6-1 Shirokanedai,
Minato-ku, Tokyo 108-8639, Japan

Molecular recognition is a fundamental event at the core of es-
sentially every biological process. In particular, intermolecular
H-bonds have been recognized as key stabilizing forces in an-
tibodyantigen interactions resulting in exquisite specificity and
high affinity. Although equally abundant, the role of intramolec-
ular H-bonds is far less clear and not universally acknowledged.
Herein, we have carried out a molecular-level study to dissect
the contribution of intramolecular H-bonds in a flexible peptide
for the recognition by an antibody. We show that intramolecular
H-bonds may have a profound, multifaceted and favorable ef-

fect on the binding affinity by up to 2 kcal moll of free energy.

HAbEE 8590 B 455, pp. 546-552 (2018)



Collectively, our results suggest that antibodies are fine tuned to
recognize transiently stabilized structures of flexible peptides in
solution, for which intramolecular H-bonds play a key role.

Keywords: antibodyantigen interaction; molecular dynamics
simulations; molecular recognition; transient folding; unstruc-

tured peptide.
Glycobiology and Carbohydrate Biochemistry

Molecular characterization of second tomato al,3/4-fucosidase
(a-Fuc’ase SI-2), a member of glycosyl hydrolase family 29 ac-
tive toward the core al,3-fucosyl residue in plant N-glycans
Md. Ziaur Rahman'* Yuta Tsujimori', Megumi Maeda', Md.
Anowar Hossain®, Takeshi Ishimizu* and Yoshinobu Kimura'
1Department of Biofunctional Chemistry, Graduate School of
Environmental and Life Science, Okayama University, Okayama
700-8530, Japan; * Institute of Food and Radiation Biology,
Atomic Energy Research Establishment, Bangladesh Atomic En-
ergy Commission, Ganakbari, Savar, Dhaka 1340, Bangladesh;
? Department of Biochemistry and Molecular Biology, Universi-
ty of Rajshahi, Rajshahi 6205, Bangladesh and * College of Life
Sciences, Ritsumeikan University, Kusatsu, Shiga 525-8577,
Japan

In a previous study, we molecular-characterized a tomato (Sola-
num lycopersicum) al, 3/4-fucosidase (a-Fuc'ase SI-1) encoded
in a tomato gene (Solyc03 g006980), indicating that a-Fuc'ase
S1-1 is involved in the turnover of Lea epitope-containing N-
glycans. In this study, we have characterized another tomato
gene (Solycll g069010) encoding al, 3/4-fucosidase (a-Fuc'ase
S1-2), which is also active toward the complex type N-glycans
containing Lea epitope(s). The baculovirus-insect cell expression
system was used to express that a-Fuc'ase SI-2 with antiFLAG
tag, and the expression product (rFuc’ase S1-2), was found as
a 65kDa protein using SDS-PAGE and has an optimum pH of
around 5.0. Similarly to rFuc’ase SI-1, rFuc’ase SI-2 hydrolyzed
the non-reducing terminal al, 3-fucose residue on LNFP III and
al, 4-fucose residues of Lea epitopes on plant complex type
N-glycans, but not the core al, 3-fucose residue on Manbl-
4GlcNAcb1-4(Fucal-3)GIcNAc or Fucal-3GlcNAc. However,
we found that both a-Fuc’ases SI-1 and SI-2 were specifically
active toward al, 3-fucose residue on GlcNAcbl-4(Fucal-3)
GlcNAc, indicating that the nonsubstituted b-GIcNAc linked to
the proximal GlcNAc residue of the core tri-saccharide moiety
of plant specific N-glycans must be a pre-requisite for a-Fuc’ase
activity. A 3 D modelled structure of the catalytic sites of a-Fuc’
ase S1-2 suggested that Asp192 and Glu236 may be important
for binding to the al, 3/4 fucose residue.

Keywords: a-fucosidase; al-3 fucose; N-glycan metabolism;

plant N-glycan; Solanum lycopersicum.
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Interaction of receptor type of protein tyrosine phosphatase
sigma (RPTPp) with a glycosaminoglycan library

Kouki Tadai'?, Tatsumasa Shioiri', Jun Tsuchimoto', Naoko
Nagai', Hideto Watanabe' and Nobuo Sugiura'

! Institute for Molecular Science of Medicine, Aichi Medical
University, 1-1 Yazakokarimata, Nagakute, Aichi 480-1195, Ja-
pan and * Faculty of Health and Nutrition, Shubun University, 6
Nikkocho, Ichinomiya, Aichi 491-0938, Japan

Receptor type of protein tyrosine phosphatase sigma (RPTPp)
functions as a glycosaminoglycan (GAG) receptor of neuronal
cells in both the central and peripheral nervous systems. Both
chondroitin sulphate (CS) and heparan sulphate (HS) are impor-
tant constituents of GAG ligands for RPTPp, although they have
opposite effects on neuronal cells. CS inhibits neurite outgrowth
and neural regeneration through RPTPp, whereas HS enhances
them. We prepared recombinant RPTPp N-terminal fragment
containing the GAG binding site and various types of biotin-
conjugated GAG (CS and HS) with chemical modification and
chemo-enzymatic synthesis. Then interaction of the RPTPp N-
terminal fragment was analysed using GAG-biotin immobilized
on streptavidin sensor chips by surface plasmon resonance.
Interaction of RPTPp with the CS library was highly correlated
to the degree of disulphated disaccharide E unit, which had two
sulphate groups at C-4 and C-6 positions of the N-acetylgalac-
tosamine residue (CSE). The optimum molecular mass of CSE
was suggested to be approximately 10 kDa. Heparin showed
higher affinity to RPTPp than the CS library. Our GAG library
will not only contribute to the fields of carbohydrate science and
cell biology, but also provide medical application to regulate
neural regeneration.

Keywords: chondroitin; glycosaminoglycans; heparin; RPTPs;
SPR.
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Phytosphingosine is a novel activator of GPR120

Tomotaka Nagasawa', Hikaru Nakamichi', Yoichiro Hama',
Shigeki Higashiyama®, Yasuyuki Igarashi® and Susumu Mitsutake'
'Applied Biochemistry and Food Science, Faculty of Agricul-
ture, Saga University, Saga 840-8502, Japan; > Division of Cell
Growth and Tumor Regulation, Proteo-Science Center, Ehime
University, Toon 791-0295, Japan and * Laboratory of Biomem-
brane and Biofunctional Chemistry, Frontier Research Center for
Advanced Material and Life Science, Hokkaido University, Sap-
poro 001-0021, Japan

GPR120 is a receptor for long chain fatty acids and is expressed
in small intestinal endocrine cells, L cells and adipose tissue.
Activation of GPR120 promotes the secretion of incretin GLP-
1, which is known to have effects on anti-metabolic syndrome.
As such, GPR120 is a potential target of pharmaceuticals for
type II diabetes. In this study, we performed ligand-screening for
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GPR120 on glycero- and sphingo-type lipids and their deriva-
tives using a Transforming Growth Factor ashedding assay. We
found that phytosphingosine (PHS) activates GPR120 in a man-
ner comparable to the natural ligand a-linolenic acid (ALA) and
superior to that of the synthetic ligand GW9508. The IC50 value
of PHS was 33.4 kM, of ALA was 31.0 kM and of GW9508 was
41.7 kM. Additionally, PHS-induced activation of GPR120 was
inhibited by the specific antagonist AH7614. Many of the natural
or synthetic ligands found thus far are compounds with carboxyl
groups. However, PHS does not possess a carboxyl group, sug-
gesting that its manner of interaction with GPR120 may be
significantly different from that of other ligands. Since PHS is
rich in the plasma membrane of yeast, our results imply that
PHS found in fermented food could have effects on anti-diabetes
through activation of GPR120.

Keywords: GPCR; GPR120; phytosphingosine; sphingolipid,
type II diabetes.

Enzymology

Purification and characterization of 1-acyl-sn-glycerol-3- phos-
Phate acyltransferase with a substrate preference for polyun-
saturated fatty acyl donors from the eicosapentaenoic acid-
producing bacterium Shewanella livingstonensis Ac10

Takuya Ogawa, Asako Tanaka, Jun Kawamoto and Tatsuo Kuri-
hara

Institute for Chemical Research, Kyoto University, Uji, Kyoto
611-0011, Japan

1-Acyl-sn-glycerol-3-phosphate acyltransferase (designated as
PIsC in bacteria) catalyzes the acylation of lysophosphatidic acid
and is responsible for the de novo production of phosphatidic
acid, a precursor for the synthesis of various membrane glycero-
phospholipids. Because PlsC is an integral membrane protein, it
is generally difficult to solubilize it without causing its inactiva-
tion, which has been hampering its biochemical characterization
despite its ubiquitous presence and physiological importance.
Most biochemical studies of PIsC have been carried out using
crude membrane preparations or intact cells. In this study, we
succeeded in solubilization and purification of a recombinant
PIsC in its active form from the eicosapentaenoic acid-producing
bacterium Shewanella livingstonensis Ac10 using 6-cyclohexyl-
1-hexyl-b-D-maltoside as the detergent. We characterized the
purified enzyme and found that it has a substrate preference for
the acyl donors with a polyunsaturated fatty acyl group, such as
eicosapentaenoyl group. These results provide a new method for
purification of the PIsC family enzyme and demonstrate the oc-
currence of a new PIsC with unique substrate specificity.
Keywords: 1-acyl-sn-glycerol-3-phosphate acyltransferase; lipid

metabolism; membrane protein; phospholipid; PlsC.
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Impact in stability during sequential CDR grafting to construct
camelid VHH antibodies against zinc oxide and gold

Ryota Saito', Yutaro Saito', Hikaru Nakazawa’, Takamitsu Hat-
tori’, Izumi Kumagai’, Mitsuo Umetsu” and Koki Makabe'

! Department of Biochemical Engineering, Graduate School of
Science and Engineering, Yamagata University, Jyonan 4-3-16,
Yonezawa, Yamagata 992-8510, Japan and > Department of Bio-
molecular Engineering, Graduate School of Engineering, Tohoku
University, Aramaki-aza-aoba 6-6-11, Sendai, Mayagi 980-
8579, Japan

Biomolecules which recognize inorganic materials and metal
surfaces gain much attention for creating new type of nanoma-
terials and sensors. 4F2, a camelid VHH antibody, recognizes
ZnO surface and has been applied for sensor applications. 4F2
was constructed sequential complementarity determining region
(CDR) replacement on the parental VHH antibody, termed the
Construction of Antibody by Integrating Grafting and Evolu-
tion Technology; CAnIlGET procedure. Here, we evaluate the
influence of CDR replacements during 4F2 generation using
calorimetric technique. We found that the initial peptide grafting
at CDRI results in the stability reduction and subsequent CDR3
randomize and selection restore the stability during the construc-
tion of 4F2. Further examination using anti-gold VHH, AuE32,
revealed that the final CDR3 randomize and selection step has
little effect in stability while the initial CDR1 grafting reduces
the stability as same as the case for 4F2. Our results showing
here provide the detailed view of the stability alteration during
the CAnlGET procedure.

Keywords: CDR grafting; protein stability; thermal denaturation;
VHH antibody.

Gene Delivery Systems

Efficient delivery of large DNA from Escherichia coli to Syn-
echococcus elongatus PCC7942 by broad-host-range conjugal
plasmid pUB307

Mitsuhiro Itaya, Hiroko Kusakabe, Mitsuru Sato, Masaru Tomita
and Rintaro Sato

Institute for Advanced Biosciences, Keio University, Nippon-
koku, Tsuruoka-shi, Yamagata 997-0017, Japan

Synechococcus elongatus PCC7942, a cyanobacterium that uses
light and carbon dioxide to grow, has a high ability to incorpo-
rate DNA by transformation. To assess the effective delivery of
large DNA in plasmid form, we cloned the endogenous plas-
mid pANL (46.4 kbp) into a BAC vector of Escherichia coli.
The plasmid p38ANL (54.3 kbp) replaced the native plasmid.
To assess the delivery of larger DNA into PCC7942, p38ANL

was fused to the broad-host-range conjugal transfer plasmid
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pUB307IP (53.5 kbp). The resulting plasmid pUB307IP501
(107.9 kbp) was transmitted from E. coli to PCC7942 by simple
mixing of donor and recipient cultures. PCC7942 transcipients
possessed only pUB307IP501, replacing the preexisting pANL.
In contrast, the pUB307IP501 plasmid was unable to transform
PCC7942, indicating that natural transformation of DNA may be
restricted by size limitations. The ability to deliver large DNA by
conjugation may lead to genetic engineering in PCC7942.
Keywords: conjugal transfer; cyanobacteria; endogenous plas-
mid; natural genetic transformation; plasmid stability.
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Featured article of the month. CD169 macrophages regulate
immune responses toward particulate materials in the circulat-
ing fluid

Kenichi Asano, Kenta Kikuchi and Masato Tanaka

Laboratory of Immune Regulation, School of Life Sciences, To-
kyo University of Pharmacy and Life Sciences, 1432-1 Horinou-
chi, Hachioji, Tokyo 192-0392, Japan

Tissue macrophages comprise heterogeneous subsets that differ
in localization, phenotype and ontogeny. They acquire tissue-
specific phenotype in order to maintain normal tissue physiol-
ogy. This review summarizes the current knowledge about the
functions of CD169— positive macrophage subset residing in
the lymphoid organs and intestinal tract. Strategically positioned
at the interface between tissue and circulating fluid, CD169+
macrophages in the lymphoid organs capture blood- and lymph-
borne particulate materials. Antigen information relayed by
CD169+ macrophages to neighbouring immune cells is impor-
tant for enhancement of antimicrobial and antitumour immunity
as well as induction of tolerance. In the intestinal tract, CD169+
macrophages localize distantly from epithelial border. Follow-
ing mucosal injury, they exacerbate inflammation by producing
CCLS8 that recruits inflammatory monocytes. As such, a better
understanding of CD169+ macrophage phenotypes may enable
the design of tissue-specific therapies for both immunological
and non-immunological diseases.

Keywords: CCL8; CD169; intestinal inflammation; macrophage;

tolerance.

549

BIOCHEMISTRY

Biochemistry General

A novel structure of exopolysaccharide produced by a plant-
derived lactic acid bacterium Lactobacillus paracasei 1JH-
SONEG68

Masafumi Noda', Sachiko Sugimoto?, Tkue Hayashi®, Narandalai
Danshiitsoodol', Mitsuhiro Fukamachi* and Masanori Sugiyama'
' Department of Probiotic Science for Preventive Medicine;
? Department of Pharmacognosy; * Faculty of Dentistry, Gradu-
ate School of Biomedical and Health Sciences, Hiroshima Uni-
versity, Kasumi 1-2-3, Minami-ku, Hiroshima 734-8551, Japan
and * Asahi Kohsan Co., Ltd., Shinjuku 1-1-14, Shinjuku-ku,
Tokyo 160-0022, Japan

A lactic acid bacterium Lactobacillus paracasei [JHSONEG68,
which was isolated from a fig leaf by our group, was found to
produce both acidic and neutral exopolysaccharides (EPSs).
The nuclear magnetic resonance analysis demonstrates that the
former EPS is composed primarily of mannose, and the latter
one consists of the a-1, 6-linked glycan chains made of N-acetyl-
glucosamine (GIcNAc). The presence of a-1, 6-linked GlcNAc
polysaccharide is first reported in prokaryotes. Furthermore,
to reveal the EPS-biosynthetic gene organization in the IJH-
SONES68S strain, in the present study, we determined the whole-
genome sequence.

Keywords: exopolysaccharide; hyaluronidase inhibition; Lac-
tobacillus paracasei; N-acetylglucosamine; whole-genome se-

quence.

Two J domains ensure high cochaperone activity of Dnal,
Escherichia coli heat shock protein 40

Tomoya Uchida and Masaaki Kanemor

School of Natural System, College of Science and Engineering,
Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan
Heat shock protein 70 (Hsp70) chaperone systems consist of
Hsp70, Hsp40 and a nucleotide-exchange factor and function
to help unfolded proteins achieve their native conformations.
Typical Hsp40s assume a homodimeric structure and have both
chaperone and cochaperone activity. The dimeric structure is
critical for chaperone function, whereas the relationship between
the dimeric structure and cochaperone function is hardly known.
Here, we examined whether two intact protomers are required
for cochaperone activity of Hsp40 using an Escherichia coli
Hsp70 chaperone system consisting of DnaK, Dnal and GrpE.
The expression systems were generated and two heterodimeric
Dnals that included a mutated protomer lacking cochaperone
activity were purified. Normal chaperone activity was demon-
strated by assessing aggregation prevention activity using urea-
denatured luciferase. The heterodimeric Dnals were investigated

for cochaperone activity by measuring DnaK ATPase activity
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and the heat-denatured glucose-6-phosphate dehydrogenase re-
folding activity of the DnaK chaperone system, and they showed
reduced cochaperone activity. These results indicate that two
intact protomers are required for high cochaperone activity of
Dnal, suggesting that one homodimeric DnaJ molecule promotes
the simultaneous binding of multiple DnaK molecules to one
substrate molecule, and that this binding mode is required for the
efficient folding of denatured proteins.

Keywords: chaperones; DnaJ; DnaK; Hsp40; Hsp70.

Protein Structure

Rim domain loops of staphylococcal b-pore forming bi-compo-
nent toxin S-components recognize target human erythrocytes
in a coordinated manner

Zhao Peng', Miyu Takeshita', Nao Shibata?, Hideaki Tada?, Yo-
shikazu Tanaka® and Jun Kaneko'

'Department of Microbial Biotechnology, Graduate School of
Agricultural Science, Tohoku University, 468-1 Aramaki Aza
Aoba, Aoba-ku, Sendai 980-8572, Japan; Exploratory Research
Laboratories, Tsukuba Research Institute, ONO Pharmaceutical
Co., LTD, 17-2 Wadai, Tsukuba 300-4247, Japan and * Labora-
tory of Applied Biological Molecular Science, Graduate School
of Life Sciences, Tohoku University, 2-1-1 Katahira, Sendai
980-8577, Japan

Staphylococcus aureus bi-component pore-forming toxins con-
sist of S- and F-components, and form hetero-octameric beta-
barrel pores on target blood cell membranes. Among them, c-
haemolysin (HIg2 and F-component of Luk (LukF)) and LukED
(LukE and LukD) possess haemolytic activity, whereas the
Panton-Valentine leukocidin (LukS-PV and LukFPV) does not
lyse human erythrocytes. Here, we focussed on four loop struc-
tures in the rim domain of S-component, namely loops -1, -2, -3
and -4, and found that replacement of Loop-4 in both Hlg2 and
LukE with that of LukS-PV abolished their haemolytic activity.
Furthermore, LukS-PV gained haemolytic activity by Loop-4
exchange with Hlg2 or LukE, suggesting that Loop-4 of these S-
components determined erythrocyte specificity. LOOP-1 and -2
enhanced the erythrocytes-binding ability of both components.
Although Hlg2 and LukE recognize Duffy antigen receptor for
chemokines on human erythrocytes, the ability of Loop4 was
not complementary between Hlg2 and LukE. Exchange of Hig2
with LukE Loop-4 showed weaker activity than intact Hlg2, and
LukE mutant with Hlg2 Loop-4 lost its haemolytic activity in
combination of LukD. Interestingly, the haemolytic activities of
these Loop-4 exchange mutants were affected by F-component,
namely LukF enhanced haemolytic activities of these Hlg2 and
LukE Loop-4 mutants, and also haemolytic activity of LukS-PV
mutant with LukE Loop-4.

Keywords: protein, bacterial; protein-protein interactions; tox-

ins, drugs, xenobiotics, staphylococcal bicomponent toxin, S-

components, CCRS.

Type VI collagen al chain polypeptide in non-triple helical
form is an alternative gene product of COL6A1

Takamichi Sato', Ryo Takano®, Kazuhiro Tokunaka', Kan Saiga',
Arihiro Tomura', Hidemitsu Sugihara', Toshihiko Hayashi’,
Yasutada Imamura® and Makoto Morita'

! Pharmaceutical Research Laboratories, Nippon Kayaku Co.,
Ltd, 3-31-12, Shimo, Kita-ku, Tokyo 115-0042, Japan; >De-
partment of Chemistry and Life Science, School of Advanced
Engineering, Kogakuin University, 2655-1, Nakanomachi, Ha-
chioji city, Tokyo 192-0015, Japan and * China-Japan Research
Institute of Medical and Pharmaceutical Sciences, Wuya College
of Innovation, Shenyang Pharmaceutical University, 103 Wen-
hua Road, 110016 Shenyang, Liaoning, China

Expression of type IV collagen al chain in non-triple helical
form, NTH al(IV), is observed in cultured human cells, human
placenta and rabbit tissues. Biological functions of NTH al(IV)
are most likely to be distinct from type IV collagen, since their
biochemical characteristics are quite different. To explore the
biological functions of NTH al(IV), we prepared some antiNTH
al(IV) antibodies. In the course of characterization of these an-
tibodies, one antibody, #141, bound to a polypeptide of 140 kDa
in size in addition to NTH al(IV). In this study, we show evi-
dence that the 140 kDa polypeptide is a novel non-triple helical
polypeptide of type VI collagen al chain encoded by COL6AI,
or NTH al(VI). Expression of NTH al(VI) is observed in super-
natants of several human cancer cell lines, suggesting that the
NTH al(VI) might be involved in tumourigenesis. Reactivity
with lectins indicates that sugar chains of NTH al(VI) are differ-
ent from those of the al(VI) chain in triple helical form of type
VI collagen, suggesting a synthetic mechanism and a mode of
action of NTH al(VI) is different from type VI collagen.
Keywords: cancer; non-triple helical al(IV) chain; non-triple he-

lical al(VI) chain; type IV collagen; type VI collagen.
Lipid Biochemistry

Synthesis of omega-3 long-chain polyunsaturated fatty acid-
rich triacylglycerols in an endemic goby, Gymnogobius isaza,
from Lake Biwa, Japan

Takuto Suito', Kohjiro Nagao', Masataka Hatano’, Kenichi Ko-
hashi?, Aiko Tanabe’, Hiromichi Ozaki®, Jun Kawamoto®, Tatsuo
Kurihara®, Tetsuo Mioka’, Kazuma Tanaka®, Yuji Haral® and
Masato Umeda'

! Department of Synthetic Chemistry and Biological Chemistry,
Graduate School of Engineering, Kyoto University, A4-212 Kat-
sura, Nishikyo-ku, Kyoto 615-8510, Japan; * Shiga Prefectural
Fisheries Experiment Station, Hikone, Shiga 522-0057, Japan;
3 Chemicals Evaluation and Research Institute, Kitakatsushika,
Saitama 345-0043, Japan; * Institute for Chemical Research,
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Kyoto University, Uji, Kyoto 611-0011, Japan; ° Division of
Molecular Interaction, Institute for Genetic Medicine, Graduate
School of Life Science, Hokkaido University, Sapporo, Hok-
kaido 060-0815, Japan and * AMED-PRIME, Japan Agency for
Medical Research and Development, Tokyo 100-0004, Japan

It is commonly observed that freshwater fish contain lower
amounts of omega-3 long-chain polyunsaturated fatty acids
(LC-PUFAs), such as eicosapentaenoic acid (EPA, C20:5n-3)
and docosahexaenoic acid (DHA, C22:6n-3), than marine fish
species. In this study, we performed a detailed comparative
analysis of phospholipids (PLs) and triacylglycerols (TAGs)
from Gymnogobius isaza, a freshwater goby endemic to Lake
Biwa inhabiting the lake bottom, and Gymnogobius urotaenia,
a related goby that inhabits the shore of Lake Biwa. We found
that tissues from G. isaza contain remarkably high amounts of
omega-3 LC-PUFASs in both PLs and TAGs. Mass spectrometry
analysis of TAGs demonstrated that the most abundant TAG
molecular species were TAG (16:0/18:1/20:5), followed by TAG
(14:0/18:1/20:5), in which EPA is incorporated into TAG at ei-
ther the sn-1 or sn-3 positions. We isolated cDNAs encoding ac-
yl-CoA: diacylglycerol acyltransferase designated as GiDGAT 1
and GiDGAT2, from G. isaza. Expression studies using a neutral
lipid-deficient Saccharomyces cerevisiae mutant strain demon-
strated that both GiDGAT1 and GiDGAT2 possessed diacylg-
lycerol acyltransferase activity, and preferential incorporation of
LC-PUFA into TAG was observed in the presence of GiDGAT.
This study revealed the novel lipid profiles of G. isaza and
identified the enzymes that were involved in the production of
PUFA-containing TAGs.

Keywords: acyl-CoA:diacylglycerol acyltransferase; eicosapen-

taenoic acid; freshwater fish; phospholipid; triacylglycerol.
Enzymology

Cloning and characterization of the novel D-aspartyl endopep-
tidase, paenidase, from Paenibacillus sp. B38

Satoru Nirasawa', Kazuhiko Nakahara' and Saori Takahashi’

! Biological Resources and Post-Harvest Division, Japan Interna-
tional Research Center for Agricultural Sciences, 1-1 Ohwashi,
Tsukuba, Ibaraki 305-8686, Japan and * Akita Research Institute
of Food and Brewing, 4-26 Sanuki, Arayamachi, Akita 010-
1623, Japan

Paenidase is the first micro-organism-derived Daspartyl endo-
peptidase that specifically recognizes an internal D-Asp residue
to cleave [D-Asp]-X peptide bonds. Using peptide sequences
obtained from the protein, we performed PCR with degenerate
primers to amplify the paenidase I-encoding gene. Nucleotide
sequencing revealed that mature paenidase I consist of 322
amino acid residues and that the protein is encoded as a pro-
protein with a 197-amino-acid N-terminal extension compared

to the mature protein. Paenidase I exhibits amino acid sequence
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similarity to several penicillin-binding proteins. In addition, pae-
nidase I was classified into peptidase family S12 based on a ME-
ROPS database search. Family S12 contains serine-type D-Ala-
D-Ala carboxypeptidases that have three active site residues (Ser,
Lys and Tyr) in the conserved motifs Ser-Xaa-Thr-Lys and Tyr-
Xaa-Asn. These motifs were conserved in the primary structure
of paenidase I, and the role of these residues was confirmed by
site-directed mutagenesis.

Keywords: amyloid-beta (Ab); D-aspartic acid; endopeptidase;
prokaryote; stereoselectivity.

Orthologues of Streptococcus pyogenes nuclease A (SpnA) and
Streptococcal 50 -nucleotidase A (S5nA) found in Streptococ-
cus iniae

Kar Yan Soh!, Jacelyn Mei San Loh1? and Thomas Proft'?
'Department of Molecular Medicine & Pathology, School of
Medical Sciences and * Maurice Wilkins Centre for Molecular
Biodiscovery, The University of Auckland, Private Bag 92019,
Auckland 1142, New Zealand

Streptococcus pyogenes nuclease A (SpnA) and streptococcal 50
nucleosidase A (S5nA) are two recently described virulence fac-
tors from the human pathogen S. pyogenes. In vitro studies have
shown that SpnA is a nuclease that cleaves ssDNA and dsDNA,
including the DNA backbone of neutrophil extracellular traps.
S5nA was shown to hydrolyse AMP and ADP, but not ATP, to
generate the immunomodulatory molecule adenosine. SSnA also
generates the macrophage-toxic deoxyadenosine from dAMP.
However, detailed in vivo studies of the two enzymes have been
hampered by difficulties with using current animal models for
this exclusive human pathogen. Here we report the identifica-
tion of two novel enzymes from the fish pathogen Streptococcus
iniae that show similarities to SpnA and S5nA in amino acid
sequence, protein domain structure and biochemical properties.
We propose that SpnAi and S5nAi are orthologues of the S.
pyogenes enzymes, providing a rationale to analyse the in vivo
function of the two enzymes using a S. iniae-zebrafish infection
model.

Keywords: cell surface-anchored enzyme; enzyme synergy;
group A Streptococcus; LPXTG motif; Streptococcus iniae;
Streptococcus pyogenes nuclease A (SpnA); Streptococcal
50-nucleotidase A (S5nA); zebrafish infection.
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titation of cellularly degraded a- and b-casein fragments
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Casein (CN) is the major milk protein to nourish infants but, in
certain population,it causes cow’s milk allergy, indicating the
uptake of antigenic CN and their peptides through the intestinal
epithelium. Using human intestinal Caco-2 cell monolayers, the
apical-to-basal transepithelial transport of CN was investigated.
Confocal microscopy using component-specific antibodies
showed that as1-CN antigens became detectable as punctate sig-
nals at the apical-side cytoplasm and reached to the cytoplasm
at a tight-junction level within a few hours. Such intracellular
CN signals were more remarkable than those of the other anti-
gens, b-lactoglobulin and ovalbumin, colocalized in part with
an early endosome marker protein (EEA1) and decreased in the
presence of cytochalasin D or sodium azide and also at lowered
temperature at 4C. Liquid chromatography coupled with mass
spectroscopy analysis of the protein fraction in the basal-side
medium identified the as1-CB fragment including the N-terminal
region and the as2-CN fragment containing the central part of
polypeptide at 1001,000 fmol per well levels. Moreover, b-CN
C-terminal overlapping peptides were identified in the peptide
fraction below 10 kDa of the basal medium. These results sug-
gest that CNs are partially degraded by cellular proteases and/or
peptidases and immunologically active CN fragments are trans-
ported to basal side of the cell monolayers.

Keywords: antigen processing; degradation; lysosomes; mass
spectroscopy; polarity.
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Consumption of N5 , N10-methylenetetrahydrofolate in Ther-

mus thermophilus under nutrient-poor condition

Ryota Yamagami, Ryota Miyake, Ayaka Fukumoto, Misa Na-
kashima and Hiroyuki Hori

Department of Materials Science and Biotechnology, Graduate
School of Science and Engineering, Ehime University, 3 Bun-
kyo-cho, Matsuyama, Ehime 790-8577, Japan

TrmFO catalyzes the formation of 5-methyluridine at position
54 in tRNA and uses N5 , N10-methylenetetrahydrofolate (CH-
2THF) as the methyl group donor. We found that the trmFO
gene-disruptant strain of Thermus thermophilus, an extremely
thermophilic eubacterium, can grow faster than the wild-type
strain in the synthetic medium at 70C (optimal growth tempera-
ture). Nucleoside analysis revealed that the majority of modifi-
cations were appropriately introduced into tRNA, showing that
the limited nutrients are preferentially consumed in the tRNA
modification systems. CH2THF is consumed not only for tRNA
methylation by TrmFO but also for dTMP synthesis by ThyX
and methionine synthesis by multiple steps including MetF reac-
tion. In vivo experiment revealed that methylene group derived
from serine was rapidly incorporated into DNA in the absence of
TrmFO. Furthermore, the addition of thymidine to the medium
accelerated growth speed of the wild-type strain. Moreover, in
vitro experiments showed that TrmFO interfered with ThyX
through consumption of CH2THF. Addition of methionine to the
medium accelerated growth speed of wild-type strain and the
activity of TrmFO was disturbed by MetF. Thus, the consump-
tion of CH2THF by TrmFO has a negative effect on dTMP and
methionine syntheses and results in the slow growth under a nu-
trientpoor condition.

Keywords: DNA synthesis; MetF; RNA modification; ThyX;
TrmFO.
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