Chapter 1. Introduction

1.1. What is cell biology?

1.The application of molecular biological  approaches to an understanding of life at the cellular level. 

2.The molecular basis of cell structure, cell  function and cell interactions 

3.Understanding of whole organisms composed  with cells

The Basis of Modern Biology    Study the molecules within cells

 1.macromolecules and reactions, investigated  by biochemists 

 2.the functional processes described by cell biologists

 3.the gene control pathways identified by molecular biologists and geneticists. 

Cell Biology Is in Progress

Two gathering forces will reshape cell biology: 

1.The genomics, the complete DNA sequence of many organisms, 

2.The proteomics, the knowledge of all the possible shapes and functions that proteins employ.

The Study the molecular similaritiesand differences between cell types

1.the molecular composition of cells

2.how cells work due to  molecular similarities and  differences 

3.closely related to genetics,biochemistry, molecular biology anddevelopmental biology.

1.2. The cell theory    Three indispensable theories upon which the science of biology is built. 

The theory of evolution； The cell theory； The theory of equilibrium thermodynamics 

                                                平衡态热动力学 

The Cell Theory (1938)

Schleiden and Schwann proposed the cell theory in 1838. The cell theory states that: 

The cell is the unit of structure, physiology, and organization in living things.  

2.The cell retains a dual existence as a distinct entity and a building block in the construction of organisms.

3. Cells form by free-cell formation, similar to the formation of crystals (spontaneous generation)

The modern tenets of the Cell Theory

   All known living things are made up of cells. 

   The cell is structural & functional unit of all living things.

   All cells come from pre-existing cells by division. (Spontaneous Generation does not occur). 

   Cells contains hereditary information which is passed from cell to cell during cell division. 

   All cells are basically the same in chemical composition. 

   All energy flow (metabolism & biochemistry) of  life occurs within cells.    

            The cell theory also provides us with an operational definition of "life". 

1.3. Cell is the basic unit of life   All cells have some recognizable similarities

 Plasma membrane  Nucleus  Organelles：  Ribosomes  mitochondrion  lysosomes 

 All living things are composed of one or more cells.

 Cell has the special features of living thing. 

Movement 
 Even plants move, such as opening and closing petals（花瓣）, and turning to face 

             the sun. 

Respiration 
 Breathing. Animals breathe in oxygen, and breathe out carbon dioxide. 

             Plants breathe in carbon dioxide, and breathe out oxygen. 

Sensitivity to   Plants are sensitive to light and gravity (stems grow up and roots grow down). 

environment
 Animals are sensitive to many things such as noise and light. 

Growth 
     Do I need to explain this? 

Reproduction Babies! Plants and animals can make more of themselves with similarly inherited    

             features. 

Metabolism 
All living things need to eat food and give off waste, such as moisture (eg. sweat) 

            or going to the toilet! 

Differences between  Plant Cell and Animal Cell 

Prokaryotic cells  and plant cells both have a rigid cell wall made up of polysaccharides. 

Plant cells have the chloroplast which is the site of photosynthesis. While animal cells have the mitochondrion which  is the site of aerobic respiration. 

The vacuoles, large empty appearing areas in the cytoplasm, are usually found in plant cells where they store waste. Vesicles are much smaller than vacuoles in animal cells. 

Origin of the Cell    The earliest cells might be  as much as 3.8 billion years old. 

Where did life originate and how ? Extra-terrestrial or Organic Chemical Evolution

Inorganic →Organic→Amino acids→Pre-cellular→Single cell→Multicellular →organisms

Stanley Miller (b. 1930) was a doctoral student working with Urey at the University of Chicago, researching possible environments of early Earth. In 1953 he combined the ideas of Urey and Oparin in a short, simple experiment. 

The interactions of these molecules would have increased as their concentrations increased. Reactions would have led to the building of larger, more complex molecules. A pre-cellular life would have began with the formation of nucleic acids. Chemicals made by these nucleic acids would have remained in proximity to the nucleic acids. Eventually the pre-cells would have been enclosed in a lipid-protein membrane, which would have resulted in the first cells. 

Origins of Life and the RNA World      DNA→RNA→Protein

Which came first in the origin of life, DNA, RNA or protein? 

RNA has the ability to act as both genes and enzymes. This property could offer a way around the "chicken-and-egg" problem. (Genes require enzymes; enzymes require genes.) RNA can be transcribed into DNA.  

From RNA to life and the RNA world could be the original pathway to cells. 

Sidney Altman and Thomas Cech were awarded the Nobel Prize for Biochemistry in 1989 

Three Things Make Cell Different from Non-cell system 

1. The presence of enzymes and other complex molecules essential to the processes needed by living systems. Miller's experiment showed how these could possibly form. 

2. The capacity for replication from one generation to another.  Most organisms today use DNA as the hereditary material, although recent  evidence (ribozymes 核酶) suggests that  RNA may have been the first nucleic acid system to have formed,referred to the RNA world. 

3. A membrane that separates the internal chemicals from the external chemical environment. This also delimits the cell  from not-cell areas. The work of Sidney W. Fox has  produced proteinoid spheres (蛋白质小球), which while not cells, suggest a possible route from chemical to cellular life. 

1.4. Diversity of cells

Prokaryotes have no nucleus or other membrane-bounded compartments. They lack distinct organelles, although some do have invaginated membrane structures.

Eukaryotes have a membrane-bounded nucleus and usually have other membrane-bounded compartments or organelles as well.

Differences between Prokaryotes and Eukaryotes


                    Prokaryotes
                    Eukaryotes

Size
                    1-10 microns                     0-100 microns

Complexity
Unicellular, rarely small clusters or filaments
  Sometimes unicellular more

                                                      often multicellular lysosomes,

Membrane bound   None (mesosome is infolding     nuclei, mitochondria, chloroplasts, 

organelles         of cytoplasmic membrane)
      endoplasmic reticulum, golgi, vacuoles

Nucleus
                    no
                               yes

Chromosome
      Single and circular
                   Usually several and linear

Introns & Exons        
occasionally
                          frequent

Histones                  
no
                                yes

Ploidy
                  haploid
                               Diploid

Mitosis & meiosis          
absent
                           present

Sexual reproduction
None or unidirectional from           Usually, involves fusion

                    donor to recipient  
              of haploid gametes

Ribosomes
        70s(50s + 30s subunits)
              80s(60s + 40s) in cytoplasm

(mitochondria & chloroplasts have prokaryotic ribosomes)

Cytoskeleton               
absent
               Microtubules and microfilamemts

Cell wall
Usually present
Absent in animals, present in      
Complex “9+2” flagella 

                       fungi {chitin) and plants (cellulose)    or cilia with centrioles

                       Motility
Simple, prokaryotic flagella,

                       gliding motion

Differentiation         
Usually absent          Cells differentiae to form tissue & organs

Energy metabolism
  Many divers pathways in various  Glycolysis in cytoplasm, krebs 

                  bacteria
                   cycle and ETC in mitochondria

Endocytosis & cytoplasmic streaming
   absent                     
present

Oxygen
                   Aerobic and / or anaerobic
         Usually aerobic

Sterols甾酮             
Usually absent 
   Used as hormones and in plasma membrane

Prokaryotes     Two kingdoms of prokaryotes –  Eubacteria   真细菌 (细菌)

                                           Archaebacteria  原始细菌(古细菌)

Three different types of bacteria   Bacilli   杆菌  Cocci   球菌
Spiral   螺旋菌

Cell wall：Teichoic acid 磷壁(酸)质

Eukaryotes ： Algae 藻类Protista 原生生物Fungi  真菌类Plantae 植物Animalia  动物

Genetic Control of Cell Diversity   The diversity derives from both variety in gene expression and from the patterns of cellular control for gene product behavior. 

Cell diversity derives from both evolution and development of living things,

Evolution   →   genome difference                               Different cells

Development →  same genome with different gene expression

Metazoan(多细胞动物） Phenotypic Complexityfrom selective gene expression

1.7. Modern cell biology

Contemporary cell biology, often referred to as Molecular Cell Biology 

●  Genetic control in cells

● Three flows within cells  1) flow of information; 2) flow of mass 3) flow of energy.  

● Systems Biology of the Cell  1) Molecular cytomics  2) Cellular genomics 

                         3) Cellular proteomics  4) Cellular epigenomics  5) In silico cell 

Genetic control in cells  The molecular basis of genetic control in cells, particularly in eukaryotic cells is one of the most basic active areas of molecular cell biology. 

▪Each cell has whole genetic  information

▪ Different cell has different genes expression pattern

▪ There are interactions among genes 

▪ Phenotype is a result of the interaction between genes and environment. 

Three flows within cells Flow of inherit information；Flow of energy；Material flows within cells

None of these three flows operates in isolation from the other two.  The flow of mass and flow of energy are extremely closely linked, as biological moleculesare broken apart to make other biological molecules or to harvest energy.

Flow of inherit information    Flow of inherit information

 Epigenetic information Chromatin based gene regulation

Chromatin remodeling （染色质重塑）；Histone acetylation (组蛋白乙酰化) ；

Histone methylation (组蛋白的甲基化 )；Histon phosphorylation (组蛋白的磷酸化 )；

DNA methylation (CpG岛甲基化)

Flow of energy- metabolism

— Some processes (anabolic 合成代谢) are energy consuming.  

   Other processes are energy producing (catabolic 分解代谢). 

— Energy intermediates are the molecules, adenosine triphosphate (ATP) and adenosine diphosphate (ADP), which are used to allow endergonic吸能的 reactions to occur in cells. 

— Energy transduction happens in mitochondria and chloroplasts .

Material flows within cells  Simple molecules absorbed by cells are incorporated into larger molecules and/or used to make other molecules, called material transformation.

Metabolic pathway networks in a cell include:Carbohydrate metabolism；Amino acid metabolism；

Lipids metabolism；Nucleotide metabolism

Systems Biology of the Cell   Currently, biologists tend to study the cell structure and behaviors as the ultimate objective to systemically understand the effect of  the molecules on the whole cell, and  the effect of the individual cell on the whole  organism as well.

E-cell (虚拟细胞 ) The computational model of living cell, reflecting the molecular networks within a cell.

E-Cell  A concept of constructing virtual cells on computers.

E-Cell Project  An international research project aiming at developing necessary theoretical supports, technologies and software platforms to allow precise whole cell simulation.

E-Cell System  An object-oriented software suite for modeling, simulation, and analysis of large scale complex systems such as biological cells

Cell Models for Research of Life Sciences

1.Cell is the basic unit of life

2.Cell has all the features of living things

3. Cell has whole inherit material 

4. Cell has whole regulation on gene expression

5. The developments of modern techniques in researches 

1.8. The technology of cell biology

Isolation  technology

Cell Culture 

Flow Cytometry 

Functional Bio-imaging of Cell：Modern light microscopy ；Confocal microscopy；Electron microscope ；Live cell Image analysis

RNA Interference Technology 

Gene knockout technology 

Gene Microarray 

Protein Chips

1.8. Isolation  technology

Centrifugation：Velocity Centrifugation 速度离心；isodensity Centrifugation 等密度离心

Chromatography：凝胶过滤层析（排阻层析或分子筛）；亲和层析

                离子交换层析：阴离子交换剂（DEAE-纤维素树脂）

                              阳离子交换剂（CM-纤维素树脂）

Modern light microscopy（光学显微镜

  ◆普通双筒显微镜(binoular microscope)    ◆荧光显微镜 (fluorescence microscope)

  ◆相差显微镜 (phase contrast microscope)  ◆倒置显微镜

Laser scanning confocal microscope LSCM 激光共焦显微镜4D imaging of spindle movements

Electron microscope (电子显微镜)   transmission electron microscope, TEM(透射电镜）；Scanning electron microscope, SEM(扫描电镜）；Scanning transmission electron microscope, STEM(扫描透射电镜）

  2.3.1  酶细胞化学技术：酶细胞化学技术就是通过酶的特异细胞化学反应来显示酶在细胞内的定位。

  2.3.2 免疫细胞化学技术：免疫荧光技术；免疫电镜技术

间接成像技术：Scanning tunneling  microscope, STM(扫描隧道镜）

              Atomic force microscope, AFM(原子力显微镜）

              Two photon microscope

Cell Culture   Primary culture  (原代培养）→Cell line→Cell strain→Plant tissue  culture→Cell fusion→Micromanipulation, 核移植克隆技术→Monoclonal antibody technology

Monoclonal antibody technology

小鼠脾（B淋巴细胞）X骨髓瘤细胞  →细胞融合→HAT培养基H：hypoxanthine 次黄嘌呤；A:aminopterin 氨基蝶呤；T:thymine 胸腺嘧啶

（突变肿瘤细胞：无胸腺嘧啶核苷激酶(TK,合成DNA旁路酶)和 磷酸核糖转移酶(HGPRT,合成RNA旁路酶）

流式细胞术、细胞标记、染色体分选、基因敲除

Knockout Mice   The technique used to generate knockout mice was developed in the late 1980s by Marlo Capecchi at the University of Utah.

  实验分三步∶ ◆构建重组体； ◆转基因敲除； ◆筛选。

1.9. Training the scientists of tomorrow

What we know about the cell— The main content of the molecular cell biologycourse includes: 

• The structure and function of the cell • The organelles of the cell; 

• The mechanisms of important activities of the cell • The regulation of the activities.

• The advance in cellular research.

How we know what we know about the cell

It is critical to present to students the experimental basis of our understanding to show them how we know what we know. Hopefully this will demonstrate the dynamic nature of science and prepare them not only to engage actively in scientific research and teaching but also to become educated members .

Why we do what we do about the cell

Of course, we want students to learn not only how we know what we know, but why we do what we do. As in other cell biology books, our coverage of basic cell biology, medical topics, biotechnology, human biology is integrated throughout. We know that these topics may be of particular interest to students.

Questions

What does cell biology concern?   2. Why we say the cell is a complex system?   3. What is cell theory?   4. What are the contemporary views on cell biology?  5. What cause cell diversity?  6. How many modern techniques are  employed in cell biology research? 

Chapter 2 Chemical components of cells  2.1 Chemical bonds   2.2 Organic molecules

2.1.1 Cells Are Made of Atoms

protons, neutrons and electrons

The number of protons in an atom determines its atomic number

Isotopes  each isotope has a different number of neutrons but the same number protons

2.1.2 How Atoms Interact

Electron shell

An element’s chemical reactivity is based on how its outermost shell is filled

Chemical bonds

An element's chemical reactivity is based on how its outermost shell is filled. 

Atoms can attain a more stable arrangement of electrons in their outer most shell by interacting with one another. 

2.1.3 How Ionic Bonds Form

.Positive ions are called cations

.Negative ions are called anions

.Ionic bond: an ionic bond is formed when electrons are donated by one atom to another. 

 Sodium chloride is held together by ionic bond formation.

2.1.4 Covalent Bonds and Polar Covalent Bonds

.Covalent bond is formed when two atoms share a pair of electron

.Polar covalent bond: In the case of the covalent bond, the pair of electrons is often shared unequally, with one atom attracting the shared electrons more than the other; this results in a polar covalent bond.

2.1.5 How Water Is Held Together

.Hydrophilic and hydrophobic

.Hydrogen bond formation between neighboring water molecules

.Hydrophilic : Molecules such as alcohol that contain polar bonds and that can form hydrogen bonds mix well with water.

.Hydrophobic molecules are uncharged and form few of no hydrogen bonds, so do not dissolve in water.

Hydrogen bonds form between a bonded electronegative atom, such as nitrogen or oxygen, which bears a partial negative charge, and a bonded hydrogen atom, which bears a partial positive charge. Hydrogen bonds (about 0.18 nm) are about twice as long as the much stronger covalent bonds. 

2.1.6 How Some Polar Molecules Form Acids and Bases in Water

Substances that release protons when they dissolve in water, thus forming H3+O, are termed acids.

Any molecule capable of acceptation a proton when they dissolve in water, thus raising the concentration of hydroxyl (OH-) ions, is called a base.

2.2 Organic molecules

2.2.1 Carbohydrates Are Energy Sources for Cells

2.2.2 Lipids Are Components of Cell Membranes

2.2.3 Proteins Are Large Polymers of Amino Acids

2.2.4 Nucleic Acids Are the Principal Informational Molecules

 An overview of the types of biological molecules that make up various cellular structures. 

2.2.1 Carbohydrates Are Energy Sources for Cells

.General chemical formula (CH2O)n

.Monosaccharides, disaccharides oligosaccharides and polysaccharides

.Polymerization

Two monosaccharides can reaction belongs to a general category of in which two molecules join together due to the loss of a water molecule. The reverse reaction (in which water is added) is termed hydrolysis. 

Polysaccharides 

.Two common polysaccharides-glycogen and starch are the storage form of carbohydrates in animal and plant cells, respectively.

.Celluose are principle structural component  of the plant cell wall.

2.2.2 Lipids Are Components of Cell Membranes

Lipids have 3 main roles in cells:

. energy storage： Fatty acids are stored in the form of triacylglycerols(三酰苷甘油脂), or fats, which consist of three fatty acids linked to a glycerol molecule. 

 .components of cell membranes  ：phospholipids ；glycolipids (糖脂)；cholesterol

 .messenger molecules  Most of them are derivatives of cholesterol for example,可的松(cortisol)，雌二醇(estradiol)，睾丸酮素(testoterone)。

2.2.3 Proteins Are Large Polymers of Amino Acids ：

     Amino acids；Peptide bond and polypeptides ；Protein functions

Amino acids  Protein are polymers of 20 different amino acids. Each amino acid consists of a carbon atom bonded to carboxyl group (COO-), an amino group (NH3+), a hydrogen atom and a distinctive side chain.

Peptide bond and polypeptide chains：  A peptide bond is a covalent bond that links amino acids together to create proteins. The chains that are produced are called polypeptide chains.

2.2.4 Nucleic Acids Are the Principal Informational Molecules：Nucleoside and nucleotides；RNA；DNA

Nucleoside and nucleotides：A mononucleotide is made of one nitrogen-containing organize base, one pentose sugar and one phosphate residue derived from phosphoric acid. When there is no phosphate group present the sugar-base combination is called nucleoside.
Mononucleotides function: 1. they are monomeric units, from which polymers of DNA and RNA are constructed.   2. agents in energy transferring reactions.

RNA  Ribonucleic acids (RNA)； three forms of ribonucleic acid are found in cells: messenger RNA (mRNA)、 ribosomal RNA (rRNA)、 transfer RNA (tRNA)；Transcription: from DNA to RNA

DNA (deoxyribonucleic acids ) 

.DNA secondary structure is a double stranded helix held together by hydrogen bonds between complementary base pairs on strands.

.Replication of DNA occurs when a double strand of DNA unwinds at specific points.

.B, A and Z DNA. 

Chapter 3:Biomembrane And Cell Surface

3.0  Introduction

*All cells surrounded by a layer of membrane

*In eukaryote cell, membrane compartmentalize the cell into some smaller sub-compartments termed organelles 

*In prokaryote cell, lacks sub-compartment

The membrane-enclosed organelles in cytoplasm of eukaryote

ORGANELLE
DESCRIPTION

Cytoplasm*
Semifluid medium surrounded by plasma membrane, all organelles float in the medium

Nucleus
The largest and most important organelle surrounded by two layer of membrane and contained chromatin, nucleolus, nuclear lamina, nuclear matrix and a few RNA

Endoplasmic Reticulum (ER)
A network of interconnected membranous tubules that contains specific enzymes; smooth ER (sER) lacks ribosomes but it is important for the synthesis of special molecules such as the lipids rER is studded with ribosomes that make proteins

Golgi Apparatus
Stacks of membranous sacs containing special enzymes that modify, store and ship products from the ER to the cell membrane or other parts of eukaryotic cells

Lysosomes
Organelle that surrounded by single layer of membrane and contains enzymes that digest food and wastes in eukaryotic cells

Vacuoles
A membrane enclosed sac that has diverse functions in eukaryotic cells, store substances, the central vacuole in plant cells

Chloroplasts
organelle that is enclosed by two layers of membranes (an inner and an outer membrane); chloroplasts absorb sunlight and to make food molecules (sugars) by photosynthesis

Mitochondrion
An organelle that is enclosed by two layers of membranes (an inner and an outer membrane); a eukaryotic organelle that plays important roles in cellular respiration; mitochondria produce ATP which is the fuel the cell uses for its various activities.

*Cytoplasm is not suggested as organelle and not only in eukaryotic cell. 

The location of main functions in eukaryote

Main functions                                   Cytological location

Localization and organization of function              Plasma membrane and organelles

Regulation of materials transport                     Plasma membrane

Detection and transmission of signal               Plasma membrane and nuclear membrane

DNA replication and transcription*                Nucleus membrane

Intercellular interactions                         Plasma membrane

Energy transduction                            Mitochondrion and Chloroplast

Proteins synthesis and transport                Rough endoplasmic reticulum and golgi body

Lipids synthesis and transport                 Smooth endoplasmic reticulum

Carbohydrate metabolism                    Cytoplasm and mitochondrion et al.

Resisting and deposition                     Vacuole (in plant cell)

*Localization of DNA replication and transcription on plasma membrane in prokaryotic cells 

3.1  Components and Structure of Bio-membranes

Basic compositions ：lipids、proteins 、saccharide. 

3.1.1 Lipids in bio-membrane  Phospholipid 磷脂(Phosphoglycerides 磷酸甘油酯和Sphingomyelin鞘磷脂）、sphingolipids (神经)鞘脂类、steroids  胆固醇：amphipathic molecules (两性分子）polar head group  and  hydrophobic group

Phosphoglycerides（磷酸甘油酯）

PC: phosphatidylcholine 卵磷磷（脂酰胆碱）        X=choline

PE: phosphatidylethanolamine磷脂酰乙醇胺          X=ethanolamine

PS: phosphatidylserine 磷脂酰丝氨酸                X=serine 

Sphingomyelin(SM) sililar  with  phosphatidylcholine 

◆胆固醇(Cholesterol)

■胆固醇存在于真核细胞膜中：●动物细胞膜胆固醇的含量较高●Cholesterol is absent from the plasma membranes of most plant. ●酵母细胞膜中是麦角固醇;

■胆固醇分子包括三部分: ●极性的头部：羟基●非极性的类固醇环结构●一个非极性的碳氢尾部。

■Cholesterol is smaller than the other lipids of the membrane and less amphipathic. 

phosphoLipid make up of basic framework of bio-membrane 

3.1.2  Proteins in bio-membrane   Three forms proteins link to membrane

*Integral proteins (Transmembrane proteins)

*Lipid-anchored membrane proteins 

*Peripheral membrane proteins 

proteins associate with the lipid bilayer 

Integral proteins

Cytosolic domain
 Exoplasmic domain
   Transmembrane domain

hydrophilic surfaces
                     studded in membrane

interact with the aqueous solutions
             interact with the hydrocarbon core of 

                                         the phospholipid bilayer

bind to other molecules or ions               
anchoring cytoskeletal proteins

                                       triggering intracellular signaling pathways

                                        form channels and pores

                                        glycosylated

                                        localized to the exoplasmic domains

Lipid-anchored membrane proteins 

covalent bound to lipid molecules of the phospholipid bilayer.

polypeptide chain does not enter the phospholipid bilayer. 

Peripheral membrane proteins 

bound to the membrane indirectly by interactions with integral membrane proteins or directly by interactions with lipid head groups. 

localized to either the cytosolic or the exoplasmic face of the plasma membrane. 

proteins on cell membrane can be classed to :

Channel proteins: to form pores for the free transport of small molecules and ions across the membrane; 

Carrier proteins: to facilitated diffusion and active transport of molecules and ions across the membrane; 

Cell recognition proteins: to identifies a particular cell; 

Receptor proteins: to bind specific molecules such as hormones and cytokines and 

Enzymatic proteins: that catalyze specific chemical reactions. 

3.1.3 Membrane carbohydrate

*2%~10% in membrane depend on the difference of cells

*covalent combine with membrane proteins and form glucoproteins

*all membrane carbohydrate pitch on the outside of plasma membrane. 

kinds of membrane carbohydrate

*D-glucose *D-galactose *D-mannose *L-fructose *N-acetyl-D-galactosamine   

*N-acetyl-glucosamine  *silic acid. 

function of membrane carbohydrate 

1)  Improve the stability of membranes

2)  Advance the fastness of to proteinase

3) Help membrane proteins to form correct three-dimensional configure

4) Cell signal recognition, cell adhension and cell junction

5) Correct position for transfer of new protein

6) Lectin, protect the cell and seed

7) Blood group determinants

3.1.4 Membrane Asymmetry 

The two halves of the bilayer often contain different types of phospholipids and glycolipids. 

The proteins embedded in the bilayer have a specific orientation 

The asymmetry of the lipid bilayer was found by taking advantage of lipid-digesting enzymes that cannot penetrate the plasma membrane and subsequently are only able to digest lipids that reside in the external monolayer of the bilayer

In eucaryotic cells, the lipid asymmetry is produced at the point of manufacture.

3.1.5 Membrane Fluidity 

*Membrane fluidity is essential for membrane function: 

Allows molecules to diffuse rapidly 

cell movement, cell growth, cell division, secretion etc

*First demonstrated in 1970 by Larry Frye and Michael 

* Restrictions on protein mobility

* SPT

*Lipids provide the matrix in which integral proteins of a membrane are embedded, thus the physical state of the lipid is important in determining the mobility of integral proteins

Two different types of cells can be fused to produce one cell with a common cytoplasm and a single continuous plasma membrane. Seem to show that integral membrane proteins were capable of moving freely. 

  ◆淋巴细胞的成帽效应

     通过抗体交联膜蛋白分子聚集成斑(patching)、成帽(capping)的现象也是膜蛋白在膜平面侧向扩散的例子。

成帽反应

However, further studies using FRAP: (fluorescence recovery after photobleaching,荧光漂白恢复）there are restrictions on protein mobility.  

The rate of the fluorescence recovery

*SPT（single-particle tracking,单颗粒示踪技术）: 

-individual membrane protein molecules are labeled

-then the movements of the labeled molecules are monitored 

*The results indicates that 

-most protein molecules random movement at rates similar to free diffusion (diffusion coefficients about 5×10-9 cm2/sec)

-the distance is restricted to a few tenths of a micron.  

-Long-range diffusion occurs but at slower rates.  

-In some cases, certain proteins move in a highly directed (nonrandom) manner toward one part of the cell or another. 

-Some membrane proteins hardly move and are considered to be immobilized.

Types of movement

-diffusion and rotation more frequent and rapid than “flip-flop”

-Individual lipid molecule rotate very rapidly around their long axis (30,000rpm) 

-phospholipid diffuse from one end to the other within one or two second

-phospholipid moving across to the other monolayer can take hours to days

-“Flip-flop” (a movement of molecules from one half of a monolayer to the other half) is most restricted. 

The possible movements of phospholipids in a membrane.

3.3.3 MEMBRANE FLUIDITY

The physical state of the lipid of a membrane

◆相变温度（transition temperature）

  在生理条件下, 膜脂多呈拟液态（liquid-like state）。温度下降至某点, 则变为晶态（frozen crystalline gel）。一定温度下, 晶态又可熔解再变成液晶态，这种临界温度称为相变温度。

◆相变(phase transition)在不同温度下发生的膜脂状态的改变称为相变。不同的膜脂由于成分不同而各有其相变温度。Factors of influence bilayer fluidity 

◆脂肪酸链的影响  膜脂肪酸链对流动性的影响主要是不饱和程；度和链的长短：

■The greater the degree of unsaturation of  the fatty acids of the bilayer, the lower the temperature before the bilayer gels. 

■The shorter the fatty acyl chains of a phospholipid,the lower its melting temperature. 

◆胆固醇的影响

■cholesterol molecules are oriented with their small hydrophilic hydroxyl group toward the membrane surface and the remainder of the molecule embedded in the lipid bilayer. 

■The hydrophobic rings of a cholesterol molecule are flat and rigid, and they interfere with the movements of the fatty acid tails of the phospholipids

■在相变温度以上,它可使磷脂分子的脂酰链末端的运动减小,即限制膜的流动性。

■在相变温度以下,可增加脂类分子脂酰链的运动,这样可以增强膜的流动性。

◆卵磷脂/鞘磷脂比值的影响

■哺乳动物膜中,卵磷脂(phosphatidycholine)和鞘磷脂(sphingomyelin)的含量约占整个膜脂的50%;

■卵磷脂所含的脂肪酸链的不饱和程度高,链较短,相变温度低,因此卵磷脂含量高,流动性大;

■而鞘磷脂的脂肪酸链的饱和程度高,相变温度也高,因此,鞘磷脂的含量高,流动性低。

◆影响膜蛋白移动的因素■整合蛋白相互间的影响■膜骨架的影响■细胞外基质的影响■相邻细胞的影响■细胞外配体、抗体、及药物大分子的影响

3.2 Plasma Membrane(cell membrane)   all cells are surrounded by plasma membrane 

3.2.1. Overview of Plasma Membrane    Out side and interior side of cell membrane

3.2.2 Common functions of plasma membrane

Act as permeability barrier 

Intimately engaged in the assembly of cell walls

Form specific junctions between cells 

Anchor components of the extracellular matrix 

Contain receptor proteins that bind specific signaling molecules

Take part in the compartmentalization of cell 

Energy transduction  

3.3 Transmembrane Transport

most molecules and all ions moves across cellular membranes mediated by selective membrane transport proteins embedded in the phospholipid bilayer. 

plasma membrane: The most important structure to transmembrane transport in any cells.

Selective permeability of the plasma membrane allows the cell to maintain a constant internal environment. (enter the cell, leave the cell, remain in the cell) 

The plasma membranes of different cell contains a specific set of transport proteins that allow only certain ions and molecules to cross. 

3.3.1 Overview of trans-membrane transport 

Property
     Passive Diffusion
 Facilitated Diffusion
 Active Transport
  Cotransport*

Specific transport protein No Require
      Require
    Require
       Require 

Solute transported against its gradient  No  No
         yes
             yes

Coupled to ATP hydrolysis
No
            No
         yes             No

Driven by movement of a   No             yes           No
         yes

ion down its gradient   


                O2, CO2,     Glucose and  amino   Ions, small    Glucose and amino

                steroid        acids (uniporters);   hydrophilic     acids (symporters); 

Examples        hormones,     ions and water   molecules,         various ions and

              many drugs      (channels)      molecules,  lipids    sucrose 

                                       (ATP - Powered pumps)    (antiporters)

PASSIVE TRANSPPORT  OF SUBSTANCES

Passive transport◆顺浓度梯度◆不消耗ATP◆根据需不需要膜蛋白的帮助,被动运输又可分为:■自由扩散■帮助扩散。

3.3.2 Passive diffusion (simple diffusion)

O2, CO2 

urea and ethanol       →           Can diffuse across an artificial membranes

steroid hormones, drugs

suggest that such molecules can diffuse across cellular membranes without transport proteins.

In the process, no metabolic energy is expended, no specific transport proteins need, the molecules move down its chemical concentration gradient.

*Passive diffusion drived by the thermodynamic action. 

*Diffusion rate is determined by:-concentration gradient across the layer-hydrophobicity-size 

-electric potential across the membrane 

■虽然这种移动不需要消耗ATP，主要是依靠扩散物质自身的力量，但从热力学考虑，它利用的是自由能。 

■如果改变膜两侧的条件，如加热或加压，就有可能改变物质的流动方向，其原因是改变了自由能。 

■严格地说，扩散是物质从自由能高的一侧向自由能低的一侧流动。

3.3.3  Facilitated Diffusion 

*Overview of facilitated diffusion

-polar molecules, ions and water, transport across membrane with facilitated

-exhibits the following distinguishing properties from passive diffusion: 

The rate is far higher than passive diffusion：

The partition coefficient K is irrelevant

Occurs via a limited number of uniporter molecules

Transport is specific. 

Membrane proteins mediate transport

transport proteins：channel proteins；transporters

Channel proteins

water, ions and hydrophilic small molecules

down concentration or electric potential gradients. 

assist diffusion

form a hydrophilic passageway across the membrane 

nongated channels: open much of the time

gated channels: open only in response to specific chemical or electrical signals

通道蛋白(Channel proteins)

  目前发现的通道蛋白已有50多种，主要是离子通道(ion channels)。

◆闸门通道(gated channels)，是通道蛋白进行的间断开放通道。

■配体闸门通道（Ligand-gated channels）  ■电位闸门通道（Voltage-gated channels） 

■牵张闸门通道（Stretch-gated channels)

    这种通道的打开受一种力的作用，听觉毛状细胞的离子通道就是一例。声音的振动推开胁迫激活通道，允许离子进入毛状细胞，这样建立起一种电信号，并且从毛状细胞传递到听觉神经，然后传递到脑。

Some examples of ion channels 

Channel
                     Location
                    Functions

K+ leakage channel        The plasma membrane of most animals
Keep resting potential

Voltage-gated Na+ channel
The plasma membrane of neural axon
Produce action potenpial

Voltage-gated K+ channel
The plasma membrane of neural axon
Resume resting potential 

                                                       after starting action potenpial

Voltage-gated Ca2+ channel
The plasma membrane of nerve terminal
Activate releasing of 

                                                            nerve transmitter

Acetylcholine acceptor     The plasma membrane of muscle cells  Excitable synaptic 

Acetylcholine-gated Na+    (The link-end of nerve and muscle)    transmission 
of signals

and Ca2+ channel)
                 (transform chemical signal to electric one in target cells)

GABA acceptor (GABA- gated Cl- channel)
The plasma membrane   Inhibitory synaptic

                         of many nerve cells (at synapse)
     transmission of signals

Stress-gated positive ion channel
Auditory hair cells in inner ear
 Detect the jutter of voice

Transporters (carriers)  *molecule or ion transported link to the transporter, Each kind of transporter links to special solution-molecule   *changing the conformation of itself

Three types : Uniporters, antiporters and symporters 

A typical example----- GLUT1   Model of glucose transport into erythrocytes by GLUT1 

离子载体(Ionophores)由微生物产生的脂溶性抗生素。

◆缬氨霉素(Valinomycin)●由12个氨基酸组成的环状肽；●一种可动离子载体(mobile ion carrier),插入脂质体后，能特异性运输K+ ,使运输速率提高100 000倍。

◆短杆菌肽 A (Gramicidin A)●一种形成通道的离子载体(channel forming carrier)；●由15个氨基酸组成的线性肽, 两个分子在一起形成跨膜的通道；●它能够有选择地将单价阳离子按电化学梯度通过膜，但并不显著提高运输速度；●可被短杆菌肽 A离子通道运输的阳离子有∶H+  NH4+  K+ Na+  Li+。

Energy changes accompanying passage  of a hydrophilic solute through the lipid bilayer

3.3.4  Active transport   *mediated by a specific membrane proteins, too   *against their concentration gradient   *need the energy supply

 (1)  ATP-Powered Pumps  * Four classes: P, V, F and ABC(ATP-binding cassette transporter)

*Energy supply is coupled to the hydrolysis of ATP   * Simply pumps

Examples of four classes of ATP pumps 

Class
 Examples

P-Class
Plasma membrane of plants, fungi, bacteria (H+ pump), Plasma membrane of higher eukaryotes (Na+/K+ pump), Apical plasma membrane of mammalian stomach (H+/K+ pump), Plasma membrane of all eukaryotic cells (Ca2+ pump), Sarcoplasmic reticulum membrane in muscle cells (Ca2+ pump)

V-Class
Vacuolar membranes in plants, yeast, other fungi, Endosomal and lysosmal membranes in animal cells, Plasma membrane of osteoclasts and some kidney tubule cells.

F-Class
Bacterial plasma membrane, Inner mitochondrial membrane, Thylakoid membrane of chloroplast

ABC-Class
Bacterial plasma membranes (amino acid, sugar, and peptide permeases), Mammalian plasma membranes (transporters of phospholipids, small lipophilic drugs, cholesterol, other small molecules)

Cotransporters  * two types: symporter and antiporter   *coupled to an energetically favorable reaction   *use the energy stored in an electrochemical gradient    *The keeping of these electrochemical gradients    *secondary active transport. 

two types of carriers enable gut epithelial cells to transfer glucose and amino acid across the gut lining消化道被覆

3.3.5 Several topic for ion pumps 

*Generate and Maintain Ionic Gradients Across Cellular Membranes 

*Ca2+ Ions into the Sarcoplasmic Reticulum from the Cytosol 

*Maintains the Intracellular Na+ and K+ Concentrations in Animal Cells 

*Pump Protons Across Membranes and acidify the lumen 

*Bacterial Permeases Are ABC Proteins That Import Variety Nutrients 

*ABC Small-Molecule Pumps in Mammals 

*Movement of Water 

Generate and Maintain Ionic Gradients Across Cellular Membranes

*The ionic composition of cytosol and  extracellular fluid

*The ion pumps, now, are largely responsible for establishing and maintaining the usual ionic gradients across the plasma and intracellular membranes. 

P-type ATPase

◆Na+-K+pump, Na+-K+ ATPase

●又称Na+泵或 Na+/K+交换泵，或Na+ -K+ ATP酶；

●Na+-K+ ATPase是由两个大亚基(α亚基)和两个小亚基(β亚基)组成；

●α亚基是跨膜蛋白，在细胞质面有ATP结合位点，细胞外侧有鸟本苷(ouabain)结合位点;

●在α亚基上有Na+和K+结合位点。

◆Ca2+ pump, Ca2+ ATPase

●The Ca2+ -ATPase present in both the plasma membrane and the membranes of the endoplasmic reticulum. 

●Ca2+ 泵的工作原理类似于Na+ -K+ 泵:

  在细胞质面有同 Ca2+结合的位点，一次可以

  结合两个 Ca2+，Ca2+结合后使酶激活，并结合

  上一分子 ATP，伴随着 ATP 的水解酶被磷酸

  化，Ca2+泵构型发生改变，结合Ca2+的转到细

  胞外侧被释放，此时酶发生去磷酸化，构型恢

  复到原始的静息状态。

●Ca2+-ATP酶激活机制

▲Ca2+/钙调蛋白复合物的作用

  当细胞内Ca2+浓度升高时，Ca2+同钙调蛋白

  结合，形成活性复合物，该复合物同抑制

  区结合，释放激活位点，泵开始工作。

▲蛋白激酶C的作用

  蛋白激酶C使抑制区磷酸化，从而解除抑制

  作用；

▲由上可以看出，在Ca2+-ATP酶的羧基端有三

  个功能位点(区域)∶同激活位点结合区、同

  CaM结合区、磷酸化位点。    

Pump Protons Across Membranes and acidify the lumen 

Bacterial Permeases Are ABC Proteins That Import Variety Nutrients 

ABC Small-Molecule Pumps in Mammals

Movement of water

渗透(Osmosis)

◆Water moves readily through a semipermeable membrane from a region of lower solute concentration to a region of higher solute concentration. This process is called osmosis,

◆水的渗透同样是从自由能高的地方向自由能低的地方移动，如果考虑到溶质的浓度，水是从溶质浓度低的地方向溶质浓度高的地方流动。

 water channel 

Hypotonic solution 低渗:Cell Swell

Hypertonic solution: Shrink and      plasmolysis（质壁分离)     

Isotonic solution 

How to maintain cell volumn 

Na+-K+pump: net export of cations  to prevent swelling (3Na+ out for 2 K+ )

 3.4 Cell Junction and Adhesion Molecules 

Cell junctions:                                    Cell adhesion: 
tight junction                                      cadherins

anchoring junctions                                 intergrins

gap junction                                       selectins 

Plasmodesmata                                    immunoglobulin

The cadherins often mediate the stable cell junction.

Cell Adhesion Molecules 

Family
    Ligands recognized
            Stable cell junction
Cadherins
Homophilic interactions
        Adherens junctions and desmosomes

Integrins
    Extracellular matrix
        Focal adhesions and hemidesmosomes


        Members of Ig superfamily
    No

Selectins
    Carbohydrates
                No

Ig
        Integrins
                    No

superfamily
Homophilic interactions
        No

Major families of cell-adhesion molecules (CAM) 

A summary of junctional and nonjunctional adhesive mechanisms. 

3.4.1 Tight Junction   A current model of a tight junction 

3.4.2 Anchoring Junction   (1) Cell to cell anchoring junction

cell-matrix anchoring junction 

two types of cell-matrix junctions

*focal adhesion (discuss in chapter 7) 

*hemidesmosomes: 

-anchor the keratin filaments in an epithelial cell to the extracellular basal lamina

-the anchorage is mediated by intergrin proteins in the basal plasma membrane of the epithelial cells

-Outside the cell these integrins bind to the basal lamina, and inside the cell they are linked to keratin filaments

-creating a structure like half of a desmosome. They can attach and anchor the epithelial cells to the underlying tissue 

3.4.3 Gap Junction  

*constructed of connexins

*Six connexins assemble to form a connexon with an open hydrophilic pore in its center

*connexon in one cell aligns with the connexon of adjacent cell forming a channel. 

*create metabolic and electrical coupling between the cells

*play key roles in both the metabolic activities and signalings of the cells they connect. 

3.4.4 Plant cell adhesion and plasmodesmata 

3.5 Extracellular Matrix and Cell Wall

Extracellular matrix (ECM) is nonliving material around cells in multicellular organisms. 

importance in cell-cell signaling, wound repair, cell adhesion and tissue function

primarily composed of cellulose in plants, composed of chitin in arthropods and fungi, carbohydrates and proteins in vertebrates

Three most obvious forms of ECM are bone, cartilage and basement membrane. 

3.5.1. Composition of the ECM 

Proteins  *Glycoproteins：Collagens、Laminins、Fibronectin、Elastins

*Proteoglycans：Several sugars are incorporated in proteoglycans、The glycosylation occurs in the Golgi apparatus、Proteoglycans are degraded in lysosomes

3.5.2. Connecting Cells to the ECM 

*The ECM interacts with the surface of the cell through fibronectin 

*Cells attach to the ECM by means of integrins

*Integrins are receptor proteins which are of crucial importance 

3.5.3. Cell Wall 

*The Peptidoglycan Cell Wall   * The Plant Cell Wall 

 -The functions of the cell wall    -Cell wall is mainly composed of cellulose 

Questions for chapter 3

When viewed by electron microscopy, the lipid bilayer is often described as looking like a railroad track. Explain how the structure of the bilayer creates this image.

Biomembranes contain many different types of lipid molecules. What are the three main types of lipid molecules found in biomembranes? How are the three types similar, and how are they different?

Lipid bilayers are considered to be two-dimensional fluids; what does this mean? What drives the movement of lipid molecules and proteins within the bilayer? How can such movement be measured? What factors affect the degree of membrane fluidity?

Explain the following statement: The structure of all biomembranes depends on the chemical properties of phospholipids, whereas the function of each specific biomembrane depends on the specific proteins associated with that membrane.

Name the three groups into which membrane-associated proteins may be classified. Explain the mechanism by which each group associates with a biomembrane.

One of the defining features of eukaryotic cells is the presence of organelles. What are the major organelles of eukaryotic cells, and what is the function of each? What is the cytosol? What cellular processes occur within the cytosol?

Compare the features distinguish uniport transport from passive diffusion. 

