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Foreword

In October 2004, as The Human Genome Organisation announced that a complete
human genome map with precision greater than 99%, error less than 10 parts per mil-
lion has been successfully drawn, Focus on genomics research began to shift from struc-
tural genomics to functional genomics research. At present, one of the most concerns of
functional genomics is to discover and identify major disease-related human genes, and
to clone and reveal their important biological functions for bio-pharmaceutical develop-
ment and clinical application. Thus, functional genomics is the cornerstone of biological
pharmaceutical industry in the 21st century, is the growing point of clinical gene therapy
technology development and the commanding heights of the intellectual property owner-
ship. Therefore, the effective protection and mining of genetic resources are extremely
important,

21st century is the century of ocean, the marine resources development and utiliza-
tion have become a rivalry focus of the great oceanic countries in the world, in which the
genetic resources research, protection and utilization are the focal point of all countries.
The United States, Japan, Britain, France, Russia and other countries have invested
heavily in drug research and development of marine technology related to marine life,
have launched the “marine biotechnology plan”, “Ocean Sapphire plans”, “Marine Bio-
logical Development Scheme” separately. Some of the world renowned universities have
also established marine drug research institutions. The United States, Japan and some
developed countries of the European Union continue to strengthen the expense of marine
drug research, and gradually walk in the forefront of the world’s biopharmaceutics in
recent years. Currently, in the world more than 10 000 kinds of new compounds were
isolated from the marine microbes, plants and animals, of which more than 200 com-
pounds have been applied for international patent protection. In China, marine “863”
plan has been established since the “Ninth Five-Year”, marine biotechnology research
has been developing rapidly with great successes, a large number of important functional
genes were cloned, including the potential pharmaceutical genes, industrial enzyme
gene, adversity resistance gene , disease resistance gene, immune-related genes as well
as genes involved in growth and reproduction of plants and animals.

The research team of Professor Li Qingwel first started full researches on a jawless
vertebrate-Japanese lamprey (Lethenteron japonicum) in 2004, which is in the inclusion

of “China Red Data Book of Endangered Animals”. The researches have been supported
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by a number of funds from nation, ministries and provinces. Lampreys which has be-
longed to order Petromyzontiformes and family Petromyzontidae, are the most ancient
species of extant vertebrate subphylum. Because of its special position in evolution,
lampreys become the key species for studying the origin and evolution of vertebrates; a
large number of comparative studies were reported in vertebrate embryonic development
and various organs differentiations. However, as for such a broad and in-depth research
of the functional genes of the species, authors’studies will undoubtedly fill the gaps at
home and abroad. Although only a few years, the works are published, I am quite
pleased. Throughout the book, one might be deeply impressed that authors carried out
high-throughput screening, cloning, recombinant protein expression and biological func-
tion identification of important lampreys functional genes by using of genomics, pro-
teomics, comparative genomics, bioinformatics technology and methods, and efficient
cloning and expression technologies. They have been screening and identifying of a
group of anti-inflammatory, anticoagulant, anti-virus, anti-tumor, anti-cardiovascular
disease-related genes and immune medicinal related genes with independent intellectual
property rights. This is the first monograph about jawless vertebrates on aspects of
functional gene research, and its research methods and results in molecular biology, bio-
chemistry, bioinformatics and biopbarmaceutics can be used by researchers and post-
graduate students, I believe that the publication of this book do give a tremendous boost
on protection and development of our future marine living resources and marine life as
well as the discovery and application of functional genes. 1 would like to write this pref-

ace to pay a compliment to authors,

Zhang Yaping
Academician of Chinese Academy of Sciences
October 28, 2010
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Preface

With the social and economic development and intervention of human activities, the
marine environment is continually deteriorating, marine biological diversity is being de-
stroyed, marine genetic resources conservation and use is even more urgent., Studying
marine genomics and functional genomics could help to explore deeply in the mysteries
of marine life, exploring marine life genes could help to protect marine biological re-
sources, investigating functional gene of the marine life could help to develop Chinese
own intellectual property rights of new marine genetic engineering drugs, a partial solu-
tion to the problem of marine drug resource.

Currently, the “Model Organisms and Human Disease” study, in recent years has
just started in the international arena, but in the field of comparative genomics there
have been a lot of research results. By comparing the mouse genome, human obesity
gene was found. The comparison of Drosophila and human genome helped to identify
548 genes homologous to human disease, and successfully establish a Drosophila model
of Huntington’s disease. In addition, zebra fish, puffer fish, C. elegans have also been
used to study human diseases. Currently, scientists are carrying out “Model Organism
Drosophila melanogaster and Heart Disease”, “Use of Conditional Gene Knockout
Technique to Develop Mouse Models of Human Disease”, “Human Autoimmune Disease
Mouse Model”, “Zebra Fish Model Organism in the Human Genome Function of Appli-

b4

cation ” and * Model Organisms Hepatitis B Model ” and other areas., It shows that the
use of model organisms of human disease pathogenesis, disease-related genes in humans
and the creation of animal genetic model of human disease, are of great theoretical and
practical significance.

In the marine species, lampreys (Petromyzon) is by far the most primitive known
jawless vertebrates, their fossil record dates back to the earliest Ordovician and late
Cambrian, sharing common ancestors with ostracoderms. Lampreys are classified in
Vertebrata together with highly developed human and other primate with central ner-
vous system. Lamprey and haglish belong to Agnatha, 22 species lamprey are collec-
tively referred to primitive fish shaped jawless vertebrates, and all are Petromyzonidae,
In 2006, scientists of University of the Witwatersrand (South Africa) and the Univer-
sity of Chicago found a 3. 6 billion-year history of lamprey fossil in South Africa Eastern
Cape near Grahamstown Walter Hill rock group. This piece of the oldest fish fossils
ever found shows its appearance has almost not changed since lampreys occur in 360 mil-

lion years ago. It proved that modern lampreys are remarkable living fossils, and is cur-
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rently the only remaining known the most primitive vertebrates without jaws. Lamprey
is a close relative of jawed vertebrates, it is different from jaw vertebrates in its lack of
activity of the upper and lower body, a lifetime notochord, without forming the spine
and paired appendage. However, lamprey and jawed vertebrates have some common
characteristics: the emergence of complexity of brain and the differentiation of heart and
liver. Comparative anatomy and embryology studies reveal that all vertebrate deve-lop-
ment in a certain stage of their individual or common life exist the three main features—
dorsal neural tube, notochord and pharyngeal gill slits, a clear indication that these ani-
mal origin a common ancestor. Lampreys are the oldest species in extant vertebrate Sub-
phylum, therefore, lampreys are not only the key vertebrate species in studying the ori-
gin and evolution of vertebrates, but also the best model in studying vertebrate embr-
yonic development and organ differentiation.

Because lampreys are important in evolution, in August 4, 2004, the U. S, Na-
tional Human Genome Research Institute Web site announced that they will draw the
lamprey genome-map in the Nature, for a comparative study of the human genome and
further explore the history of biological evolution. Particularly, in 2004, Nature repor-
ted that, scientists have explored lamprey immune system, which contains the original
elements of vertebrate and the new investigation have found the new variable lympho-
cyte receptor on similar cells with vertebrate lymphocyte cells, proved that lamprey is to
use an unusual process of gene rearrangement to generate receptor diversity. This fin-
ding provides a key clue for understanding the origin of the human immune system.
Lamprey is a critical link stages between invertebrates and vertebrates, from the basis of
genetic information, it will mark the evolutionary history of invertebrates and at the
same time be the most direct ancestor of vertebrates, but also provide a rich foundation
of genetic information for the vertebrate origin and evolution. In short, the deep study
of lamprey-based genetic development has important significance for understanding and
revealing the origin and evolution of vertebrates. In addition, based on lamprey genome
research, and comparison with human and other vertebrate genomes, we may find
important human disease-related genes, reveal human disease pathogenesis, and thus
establish genetic model of lamprey on human disease for the study of disease pathogenesis
and treatment of disease and provide a theoretical basis for research and development of
new drugs.

Japanese lamprey possesses the special way of life, but also many unique protein
features. Though lampreys were studied on the nutritional value worldwide, there were
almost no reports on the use of biotechnology on their gene and protein for drug deve-
lopment. For this reason, in recent years, supported by national “863” Project, “Identi-
fication of Lamprey Medicinal Related Genes and Function Study” (2007AA09Z428);

“973” project, “The Mechanism of Original Immune Rearrangement and Formation and
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Comparative Immunology” (2007CB815802) ; National Natural Science Foundation pro-
ject , “ Identification of Lamprey Oral Gland Secretion of PR-1 Protein-1.251 Inhibition
of Neutrophil” (No. 30470936) and the Research Fund for Science and Technology,
Department of Liaoning Province; Innovation Team Programme projects, Liaoning Pro-
vincial Department of Education; scientific and technological project, Dalian Municipal
Science and Technology Agency, we have completed the Japanese lamprey liver, type
lymphocytes and oral gland ¢cDNA library construction, and sequenced a total of
10, 077 liver EST sequences, 10, 500 lymphocytes EST sequences and 1281oral glands
EST sequences. By preliminary bioinformatics analysis, we found a number of anti-in-
{lammatory, anticoagulant, anti-virus, anti-tumor, anti-cardiovascular disease-related
target gene and immune-related genes. And 3 integrins with RGD / KGD motif, retinoic
acid and interferon-induced death protein -19 (Class GRINM-19 protein, GRIMIN),
translationally controlled tumor protein (TCTP), type gelsolin protein, type sorcin pro-
tein, a SCP domain of neural protein toxins and 1.251 protein were studied by expres-
sion, purification and biological activity analysis of recombinant proteins, and the mecha-
nisms and functions were carried out in-depth study.

This book is the our research summary recent years of functional genomics, effec-
tive mining, protection and exploration of the important functions of marine genetic re-
sources, development of functional protein in the field of biopharmaceutical, I believe
this book published will be help to peer research in the field, and has a greater impetus
in the development of our marine bio-pharmaceutical. In the book writing process,
colleagnes Wang Jihong, Wu Yu and postgraduates Bai Jie, Gao Qi, Han Xiaoxi, Cen
Liujie, Ma Xiaoqing, Sun Jing, Sun Yingning, Xue Zhuang, Yan Shuiyan, Zhang Nan-
nan, Zhang Pigiao, Zhou Liwei, Zhu Lina and others offered great assistance, they have
done a lot in their research work in depth, I would like to extend my deepest gratitude!
I would also express my sincere thanks to State Science and Technology, National Natu-
ral Science Foundation support for many years! Finally thanks to Science Press for the

enthusiastic support in book publishing!

Li Qingwel
Liaoning Normal University, in the Spring of 2010
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