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Have You Wondered?

1. What the definition of a species is?

2. What natural selection is?

3. How new species evolve?

4. How marine organisms are named and 

classified?
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Biological Concepts

 Survival and reproduction

 Living organisms are composed of chemical compounds.

 There are four major classes of macromolecules in living  
organisms: carbohydrates, lipids, proteins, and nucleic acids.
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Carbohydrate

 The molecules known as carbohydrates contain the elements 
carbon, hydrogen, and oxygen, frequently in a ratio of 1:2:1, 
or CH2O, thus the name carbohydrate (carbon water). The 
most common carbohydrates in living organisms are sugars
and polysaccharides.

 The six-carbon sugar glucose is the basic fuel molecule for 
living cells

 Sucrose is a disaccharide that contains a molecule of glucose
and a molecule of fructose. Marine plants and algae use 
sucrose to transport sugars within their bodies.

 Lactose supplies much of the energy that newborn mammals 
require.
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Carbohydrate

 Starches are polysaccharides composed of chains of glucose 
molecules. They are produced by plants, seaweeds, and some 
microorganisms and are an efficient way for cells and organisms to 
store large amounts of glucose for future use. 

 Glycogen, or animal starch, is produced by animals and some 
microorganisms to store glucose for future use

 Cellulose is an example of a structural polysaccharide. It is found in 
the cell walls of plants, seaweeds, and some microorganisms

 Chitin is a polymer composed of modified glucose molecules and is 
also strong and durable. Chitin is in the cell walls of fungi and the 
hard exterior skeletons of some marine animals such as crabs and 
lobsters
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Lipids

 Lipids composed primarily of carbon and hydrogen. Marine 
organisms use simple triglycerides to store energy, to cushion vital 
organs, and to increase buoyancy. Homeothermic animals use 
triglycerides as insulation to trap heat.

 Phospholipid is the major structural component of membranes that 
surround cells and some of the internal components of cells. 

 Steroids are lipids that function as chemical messengers within the 
bodies of animals. 

 Waxes coat the exposed surfaces of some marine plants and 
seaweeds and act as a water barrier. Waxes are also found in the 
body coverings of some marine animals and in the ear openings of 
some marine mammals.
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Fatty Acid Analysis
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Fatty Acid Analysis

金鑫等，2012，海洋与湖沼

Couturier et al., 2013, PLOS ONE
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Protein

 Proteins are polymers made up of basic units called amino acids. 
Twenty different amino acids make up the various proteins found in 
living organisms. Within cells, individual amino acids are assembled 
into chains called polypeptides. 

 The primary structural components of animals, muscles and 
connective tissues, are composed of protein. 

 Proteins known as enzymes are essential for life. Enzymes are 
biological catalysts that speed up the rate of chemical reactions, 
allowing metabolism to function efficiently. 

 Some proteins, such as hemoglobin, transport chemicals within 
organisms, whereas others store chemicals.
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Protein and their functions

Type of Protein Function

Enzymes Biological catalysts that speed up the rate of chemical 

reactions in cells

Structural Proteins Make up body parts of animals such as hair, skin, scales, 

tendons, cartilage

Contractile Proteins Make up muscle

Messenger Proteins Send signals from one cell to another and from organ to 

organ

Transport Proteins Transport important substances such oxygen and fatty acids

Storage Proteins Store important materials in cells, such as iron

Antibodies Protect animals from foreign proteins and disease-causing 

microbes

Toxins Help to capture prey and protect animals from predators



College of Marine Sciences,   Shanghai Ocean University

Nucleic acids

 Nucleic acids are polymers of molecules called nucleotides.

 Each nucleotide is composed of a five-carbon sugar, a 
nitrogen containing base, and a phosphate group. Two types 
of nucleic acids are found in living organisms: 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
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Evolution and Natural Selection

 Natural selection is the mechanism that explains why 
organisms that possess variations best suited to their 
particular environment exhibit a better survival rate and 
reproductive capacity than do less well-suited organisms.



College of Marine Sciences,   Shanghai Ocean University

Evolution

 The process of evolution operates without any ultimate goal, 
selecting those forms of organisms that are best able to 
survive and reproduce under the environmental conditions in 
which they live.

 Note that natural selection does not have the ability to cause 
variations that are better suited than others. The variations 
that occur are due to chance mutations. Only after the 
variations appear can they be affected by natural selective 
forces.
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Evidence for Evolution
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DNA

 The nucleic acid DNA is composed 
of units called nucleotides. Each 
nucleotide contains the five-carbon 
sugar deoxyribose , a nitrogen-
containing base, and a phosphate 
group. 

 The nucleotides are linked together 
by the phosphate groups and form 
long chains. Two chains are wound 
together to form the characteristic 
double helix.  
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DNA function

 DNA contains an organism’s genetic material, or genes, and 
is capable of copying itself so that the genes can be passed 
from one generation to the next. 

 Encoded in the genes are directions for synthesizing the 
various proteins that an organism needs. The proteins are 
responsible for an organism’s appearance and control its 
function, growth, and reproduction. 

 In many cells most of the DNA is located in a specialized 
structure called the nucleus. In addition, smaller amounts of 
DNA are found in other parts of the cell such as mitochondria 
and chloroplasts.
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How does DNA work?
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RNA

 RNA molecules are usually single-stranded and can come in different 
forms that have evolved for specific roles in the cell. RNA functions 
in protein synthesis. In this process the information carried by 
individual genes is copied, or transcribed, from DNA onto a molecule 
of RNA known as messenger RNA (mRNA). The message carried by 
the mRNA is decoded, or translated, by a cellular structure known as 
a ribosome, composed of protein and another type of RNA called 
ribosomal RNA (rRNA). The ribosome synthesizes protein by 
connecting the appropriate amino acids that are brought to the 
ribosome by a third type of RNA called transfer RNA (tRNA). The 
proteins produced by this process make new cell parts and enzymes 
that give the cells their characteristics
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DNA and RNA
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Protein synthesis
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Species

 Based on morphology

Male FemaleJuvenile Adult
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Species

 A species is one or more populations of potentially 
interbreeding organisms that are reproductively isolated 
from other such groups.

 Reproductive isolation: occurs when the members of 
different species are not in the same place at the same time 
or are physically incapable of breeding. Including  habitat 
isolation; anatomical isolation; behavioral isolation; temporal 
isolation; biochemical isolation.
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Process of Speciation

 Speciation frequently begins when two or more populations 
of the same species become geographically isolated from 
each other or when segments of a single large population 
become geographically isolated from other segments. This 
type of speciation is called allopatric speciation.
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Lemon shark

 The lemon shark gets it name from its yellowish color, 
especially on its underside. It is related to tiger and bull 
sharks and can grow up to 3 m in length

 Apart from the color, you can recognize a lemon shark by its 
two similarly sized dorsal fins. In most shark species, the first 
dorsal fin is much bigger.
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Lemon shark
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 1. 短吻柠檬鲨 Negaprion brevirostris 分布于美洲和非洲西
海岸
2. 犁鳍柠檬鲨 Negaprion acutidens分布于印度-太平洋区，

西起红海、非洲东岸，东至东南亚，北至日本，南至澳洲。
中国南海、台湾南部海域也有分布。

Negaprion brevirostris Negaprion acutidens

Negaprion（柠檬鲨属）
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Negaprion（柠檬鲨属）
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Lemon shark (N. brevirostris)
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Lemon shark (N. brevirostris)

Newborn sharks
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Lemon shark
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Classification

 界kingdom 

 门phylum 

 纲class 

 目order 

 科family 

 属genus 

 种species
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Points

If a cell lacked ribosomes, it would not be able to

A. Synthesize lipids

B. Digest food

C. Synthesize proteins

D. Form membranes

E. Signal to other cells
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Darwin proposed the evolution occurs as the results of 

A. Cosmic forces

B. Human intervention

C. Artificial selection

D. Natural selection

E. Inherent need
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A population of potential interbreeding organisms that is 
reproductively isolated from other such populations defines

A. A kingdom

B. A community

C. A family

D. A genus

E. A species



College of Marine Sciences,   Shanghai Ocean University

If two species are in the same class, they must also be in the 
same

A. Family

B. Genus

C. Order

D. Phylum

E. Subspecies


