
3.3.4 Mass Transport
Mass Flow/transport

· Small organisms don’t have a bloodstream, but instead rely on the simple diffusion of materials for transport around their cells, which is sufficient for unicellular organisms 

· But it would take days for molecules to diffuse through a large multicellular organism, so most animals have a circulatory system with a pump to transport materials quickly around their bodies

· This is an example of a mass flow system, which means the transport of substances in the flow of a fluid which is generated by a force, which requires energy (as opposed to diffusion, which is the random motion of molecules in a stationary fluid).
[image: ][image: ]
· The transport of materials in the xylem and phloem of plants is another example of mass flow. Mass flow systems work together with the specialised exchange systems (such as lungs, gills and leaves), which we saw in module 1.

[image: http://io.uwinnipeg.ca/~simmons/16cm05/1116/33-33-InsectAnatomy-L.gif]The Circulatory System

· Open Circulatory System

· Insects have an open circulatory system, with a dorsal tube-shaped heart, and a fluid-filled body cavity (haemocoel)





· [image: http://www.chelationtherapyonline.com/articles/images/closedcirc.jpg]Closed Circulatory System 

· The earthworm has a closed circulatory system where blood is contained in blood vessels, with blood under pressure. Organs are not in direct contact with the blood. Respiratory gases are transported in blood
Human Circulatory System

· Humans have a double circulatory system with a 4-chambered heart.The right side of the heart pumps blood to the lungs only and are called the pulmonary circulation, while the left side of the heart pumps blood to the rest of the body, called the systemic circulation. The advantages of this double circulation are:
[image: ]
· Sustains high blood pressure in systemic circulation
· Circulation is faster in systemic circulation
· Oxygenated/Deoxygenated blood kept separate
· Improved oxygen distribution



[image: ]












· The Heart – 




· 
Structure and function 
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· Atria			Thin walled, which receive blood

· Ventricles	Thick walled in order to generate high-pressure in blood when walls contract in order to move blood around body. *N.B. The LEFT ventricle is larger than the right as it must generate a higher pressure so that blood can travel further to the extremities of the body, not just to the lungs!

· Atrioventricular 	Prevent back-flow of blood from the ventricles to the atria. valves                      The left valve has two flaps and is called the bicuspid (or    
                                  mitral) valve, while the right valve has 3 flaps and is called  
                                  the tricuspid valve.

· Valve tendons	The valves are kept under tension by valve tendons (“heart strings”) attached to papillary muscles, which prevent the valves from inverting during ventricular systole.

· Semi-lunar valves	Prevent back-flow of blood from the arteries to the ventricles (the only examples of valves in arteries) called the pulmonary and aortic valves.

· Vena cava			Carries deoxygenated blood from body to right atrium

· Pulmonary artery	Carries deoxygenated blood to lungs from right ventricle

· Pulmonary vein		Carries oxygenated blood from lungs to left atrium

· Aorta	Carries oxygenated blood from left ventricle to the body tissues

The Cardiac cycle
(Cardiac cycle animation)
· When the cardiac muscle contracts the volume in the chamber decrease, so the pressure in the chamber increases, so the blood is forced out. Cardiac muscle contracts about 75 times per minute, pumping around 75 cm³ of blood from each ventricle each beat (the stroke volume):

· One heartbeat lasts for about 0.8 seconds. There are 60 seconds in 1 minute, therefore the number of heart beats per minute is found by:

60 secs in 1 minute  = 75 beats per min
0.8 secs

· [image: ][image: ]There is a complicated sequence of events at each heartbeat called the cardiac cycle. Cardiac muscle is myogenic, which means that it can contract on its own, without needing nerve impulses. Contractions are initiated within the heart by the sino-atrial node (SAN, or pacemaker) in the right atrium. This extraordinary tissue acts as a clock, and contracts spontaneously and rhythmically about once a second, even when surgically removed from the heart. The cardiac cycle consists of three stages:

*N.B. You must be able to explain the movement of blood in relation to the pressure changes (created by volume changes) occurring in the chambers and blood vessels of the heart. Remember these rules:

· Fluids move from a HIGH to LOW pressure
· Small volume = large pressure
· Large volume = small pressure
· 
· Atrial systole	The SAN contracts and transmits electrical impulses
throughout the atria, which both contract simultaneously, pumping blood into the ventricles. The ventricles are electrically insulated from the atria by a thin layer of connective tissue, so they do not contract at this time:
[image: ]
· Chamber			Atria
· Volume			decreases
· Pressure			increases
· Pressure gradient	Atria to ventricles
· Valves			Atrioventricular valves
open



· Ventricular	The electrical impulse passes to the ventricles via the 
systole           atrioventricular node ,(AVN), the bundle of His and the Purkyne/Purkinje fibres, in the walls of the septum. These are specialised fibres that do not contract but pass the electrical impulse to the base of the ventricles, with a short but important delay of about 0.1s, allowing the atria to empty.

The ventricles contract shortly after the atria, from the apex up, squeezing blood upwards into the arteries. The blood can't go into the atria because of the atrioventricular valves, which are forced shut with a loud “lub”:
[image: ]
· Chamber			Ventricles 
· Volume			decreases
· Pressure			increases
· Pressure gradient	Ventricles to arteries
· Valves			Atrioventricular valves
close

· Diastole		The atria and the ventricles relax, while the atria fill with blood. 
 	The semi lunar valves in the arteries close as the arterial blood pushes against them, making a "dup" sound, the atrioventricular vavles open:

· [image: ]Chamber			Atria and ventricles 
· Volume			increases
· Pressure			decreases
· Pressure gradient	Veins to atria
· Valves			Semi lunar valves
close, atrioventricular 
valves open	

· PCG 	(phonocardiogram) is a recording of the sounds the heart makes. The cardiac muscle itself is silent and the sounds are made by the valves closing. The first sound (lub) is the atrioventricular valves closing and the second (dub) is the semi-lunar valves closing.

· ECG     (electrocardiogram - ECG animation) is a recording of the electrical activity of the heart. There are characteristic waves of electrical activity marking each phase of the cardiac cycle. Changes in these ECG waves can be used to help diagnose problems with the heart.

· *N.B.  Heart rate can be altered by the nervous system or hormones e.g. 
      adrenaline
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Blood vessels

· Blood circulates the body through a series of different blood vessels, which have three main layers in the walls: 

· tough collagen
· elastic muscular layer to sustain high blood pressure 
· endothelium which is smooth to reduce friction between blood and vessel wall. Each is adapted to its function:

· [image: ]Arteries 

· Lumen		SMALL in relation to 
diameter, therefore HIGH RESISTANCE to blood flow, which helps maintain pressure.

*N.B. Arterioles have large total surface area and relatively narrow bore causing substantial reduction from aortic pressure. Their pressure depends on whether they are dilated or contracted.

· Smooth muscle	THICK layer in walls which can contract/relax under
 			nervous stimulation, therefore changing diameter,
altering blood pressure, and supply of blood, vasoconstriction *N.B. in arterioles

· Elastic tissue	THICK layer in walls allows walls to expand with each 
pulse of blood and then return to original shape, called ELASTIC RECOIL. This has the functions of helping to ‘even out blood flow’ and helps to maintain a HIGH blood pressure.

· Direction		Carry blood AWAY from heart to body tissues.

· Oxygen 		OXYGENATED (except pulmonary artery)
content

· Blood pressure	HIGH pressure

· Valves			NO valves (except Aorta/pulmonary artery)


· [image: ]Veins

· Lumen		LARGE in relation to 
diameter, therefore LESS RESISTANCE to blood flow, which helps blood return to heart.

· Smooth muscle	THIN layer in walls which, therefore easily
 				compressed by muscle
 			
· Elastic tissue	THIN layer in walls which, therefore easily compressed by muscle
[image: ]
· Valves: Have semi lunar valves due to low blood pressure to prevent backflow.

· Venous return:Blood flow is helped by the contraction of muscles against bone which squeezes the vein, helping to return blood to the heart:

· Direction		Returns blood to the heart from body tissues.
[image: ]
· Oxygen 		DEOXYGENATED (except pulmonary vein)
content

· Blood pressure	LOW pressure



· Capillaries
[image: ]
· Lumen		NARROW lumen
therefore an 
increase in (total) cross sectional area, so more surface is in contact with blood, causing greater friction between blood and 
capillary wall, which causes 
loss of pressure in blood.

Low blood pressure means a reduced flow allowing more time for diffusion of substances into/out of capillary.

· Wall			Made up from SINGLE and FLATTENED layer of
endothelium cells, which reduces diffusion pathway of substances.

Narrow Lumen reduces rate of flow, more time for diffusion

Wall has small pores making it permeable to small molecules to diffuse through.

Reduced pressure due to loss of plasma forming Tissue Fluid









Blood = Plasma and cells

· Blood is composed of 4 components, as shown in this diagram:

Blood

  Plasma					Cells


Water (55%)	Dissolved solutes (45%)	

				Glucose				Red blood cells
Amino acids			White blood cells
Fatty acids			Platelets
                          CO2
Ions
Hormones
Large plasma proteins
Albumin
Fibrinogen
Antibodies

             
Formation of Tissue Fluid

· The dissolved solutes are all exchanged between the blood and the cells in capillary beds. Substances do not actually move directly between the blood and the cell: they first diffuse into the tissue fluid that surrounds all cells, and then diffuse from there to the cells:
[image: ]






[image: ]

1) At the arterial end of the capillary bed the blood is under HIGH HYDROSTATIC PRESSURE, generated by contraction of LEFT VENTRICLE and effect of ELASTIC RECOIL

There is also an OSMOTIC EFFECT occurring, where water moves back into the capillary by osmosis down a gradient.

Therefore, there is a NET difference between a higher hydrostatic pressure than osmotic effect, and the dissolved solutes and water are only forced out through the permeable walls of the capillary when – process is called ULTRAFILTRATION. 

Cells and plasma proteins are too big to leave the capillary, so they remain in the blood, LOWERING the blood 

2) This fluid now forms tissue fluid (TF) surrounding the cells. Materials are 
exchanged between the tissue fluid and the cells by all four methods of transport across a cell membrane. Gases and lipid-soluble substances (such as steroids) cross by simple diffusion; water crosses by osmosis, ions cross by facilitated diffusion; and glucose and amino acids cross by active transport.

3) At the venous end of the capillary bed the blood is at low pressure, since it has 
lost so much plasma. Substances return to the blood in the following way:

· Water returns to the blood by osmosis down a gradient, since the blood has a low water potential compared to the TF, due to the presence of large soluble plasma proteins. 

· Solutes (such as carbon dioxide, urea, salts, etc) enter the blood by diffusion, down their concentration gradients.

4) Not all the plasma that left the blood returns to it, so there is excess tissue 
fluid. This excess drains into lymph vessels, which are found in all capillary beds. Lymph vessels have very thin walls, like capillaries, and tissue fluid can easily diffuse inside, forming lymph. The lymph is returned to the circulatory system where it drains into the Subclavian vein.

*N.B. Some questions relating to this topic ask why swelling of tissues occurs – this is due to the accumulation of tissue fluid. This could be due to the following reasons:
· Parasitic worms can be found in lymph vessels blocking the flow of lymph, therefore causing TF to accumulate.

· People with insufficient protein in their diet can get swollen abdomens due to a reduced amount of plasma proteins in blood, therefore blood in capillaries DOES NOT have a low , so no gradient is generated, therefore water stays within TF – the lymph vessels cannot drain the excess TF, therefore it accumulates!

· People get blisters on their feet when friction with shoes causes the capillary walls to become damaged, causing pores to enlarge, allowing larger plasma proteins into TF. Therefore blood in capillaries DOES NOT have a low , so no gradient is generated, therefore water stays within TF – the lymph vessels cannot drain the excess TF, therefore it accumulates!

· People suffering from high blood pressure can get swollen ankles due to the higher pressure increasing the amount of TF being formed - the lymph vessels cannot drain the excess TF, therefore it accumulates!


Transport of Oxygen

· [image: http://supplementalscience.files.wordpress.com/2007/07/rbc.jpg]Oxygen is carried in red blood cells bound to the protein haemoglobin (Hb). They are adapted to O2 transport by:

· Biconcave disc	increases surface area
 				for O2 diffusion
· Contains Hb		transports O2
· No nucleus		more space for Hb



· The haemoglobin molecule consists of four polypeptide chains, with a haem prosthetic group at the centre of each chain. 

· Each haem group contains one iron atom, and one oxygen molecule binds to each iron atom. So one haemoglobin molecule can bind up to four oxygen molecules:


[image: http://www.chemsoc.org/networks/learnnet/cfb/images/13A.jpg]
Polypeptide chain

Haem group




· Hb has a high AFFINITY for O2. When Hb attaches to O2 it is called OXYHAEMOGLOBIN (oxy Hb). The reaction is reversible:

Hb + O2 		Hb O2

· Hb has HIGH affinity for O2 when the surrounding O2 levels are high e.g. alveoli of lungs – in these conditions O2 will ASSOCIATE/LOAD onto Hb. However when Hb is in low O2 levels e.g. respiring cells, it has a LOW affinity for O2 – in these conditions the O2 will DISSOCIATE/UNLOAD

· Oxygen level is measured as the PARTIAL PRESSURE of O2 (PO2) and the units are in kilopascals (kPa).

· The 4 oxygen molecules do not attach to the haem groups at the same rate. It is difficult for the first O2 molecule to bind to a haem group, but each time an O2 attaches it makes it easier for the next O2 to bind to a haem group. 

· Because of this different affinity for each O2 molecule a graph showing the % saturation of Hb with increasing PO2 is not a straight line, but a SIGMOID/S shape curve, the advantages being:

· In the tissues:

· As PO2 decreases going into tissues more O2 is dissociated

· In the lungs

· The Hb has a higher affinity for O2
· The Hb is fully saturated at low PO2
· So that it can travel to respiring tissues
· Where it is unloaded to maintain respiration

[image: ]
 Foetal haemoglobin
(left)


				Bohr effect 					(right)








· In the alveoli of the lungs oxygen concentration is high at 14 kPa. As blood passes through the capillaries surrounding the alveoli the haemoglobin binds/associates to oxygen to become 95% saturated. 

· In tissues, like muscle, liver or brain, oxygen is used by respiration, so is low, typically about 4 kPa. At this PO2 the haemoglobin is only 50% saturated, so it unloads about half its oxygen (i.e. from about 95% saturated to about 50% saturated, therefore 45% is unloaded) to the cells, which use it for respiration. 
· In tissues that are respiring quickly, such as contracting muscle cells, the PO2 drops even lower, to about 2 kPa, so the haemoglobin saturation drops to about 10%, so 85% of the oxygen is unloaded, providing more oxygen for the muscle cells.

The Bohr effect
(Oxygen dissociation curve interactive animation)
· When cells respire more e.g. when exercise is take, then more CO2 is produced due to more respiration taking place, to produce more ATP for muscle contraction.

· This extra CO2 diffuses into the blood where it is carried in 3 different ways:

· 85% carried in solution in blood plasma

· 10% enters red blood cell and combines with amino groups in polypeptides which form Hb

· 5% combines enters red blood cells to form Carbonic acid, catalysed by carbonic anhydrase enzyme:
H2O + CO2 		H2CO3

· This acid dissociates into Hydrogen carbonate ions and Hydrogen ions. 
The Hydrogen ions lower the blood pH causing more O2 to unload from the haemoglobin to maintain high respiration rate:

H2CO3			HCO3- + H+

· The lower the pH, Hb has a lower affinity for O2, therefore there is less O2 attached to Hb at relatively high PO2 levels. The reason for this is that Hb is a buffer i.e. it accepts/donates H+, therefore preventing large changes in pH. When H+ combine with Hb, the shape of Hb is altered which reduces the affinity for O2.  

· The build up of hydrogen carbonate ions causes them to diffuse out of the  red blood cell leaving the inside of the membrane positively charged

· In order to maintain the electrochemical neutrality, Chloride ions (Cl-) diffuse into the red blood cell, called chloride shift! *N.B. not ‘neutral pH’
· This means that the O2 dissociation curve moves/shifts to the RIGHT, called BOHR EFFECT (see graph above). The advantage for this is that:

· Due to the lower blood pH
· The lower blood pH causes Hb to have a lower affinity for O2
· So more O2 is unloaded/dissociates at the same PO2
· So more O2 is unloaded/dissociates from Hb
· Maintaining a high respiration rate




· * N.B. sometimes a question will ask the advantage of an O2 dissociation curve being to the left of a ‘normal’ curve e.g. llama or fetal haemoglobin (see graph above). The advantages are that:

· In low PO2 conditions
· The llama/fetal Hb has a higher affinity for O2
· The llama/fetal haemoglobin can still associate to a lot of O2
· Achieving high % saturation levels
· So that it can travel to respiring tissues
· Where it is unloaded to maintain respiration

· Myoglobin is an oxygen carrying pigment found in muscle cells. Its function is:

· Store of oxygen
· Holds on to oxygen/high O2 affinity
· Even at low partial pressures/only release oxygen at 
· Low partial pressures
· When haemoglobin has given up its oxygen
· Maintains aerobic respiration



Transport in Plants

· Plants don’t have a circulatory system like animals, but they do have a sophisticated transport system for carrying water and dissolved solutes to different parts of the plant, often over large distances.

[image: ]


Water transport

· Structure and function of xylem
[image: ][image: ]
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· Xylem tissue is composed of dead tracheid and vessel cells joined together to form long narrow tubes
· Before death the cells form thick cell walls containing lignin which is water proof, which is often laid down in rings or helices, giving these cells a very characteristic appearance under the microscope
· Lignin makes the xylem vessels very strong, so that they don’t collapse under pressure
· Parenchyma cells are living cells that store food and allow lateral transport of materials through the vascular tissue.
· Fibres are long, narrow cells with tapered ends. They are very strong because of their thick, lignified walls and interlocking ends. They are dead cells and their function is support.

· Vast amounts of water pass through plants. A large tree can use water at a rate of 1 dm³ min-1. Only 1% of this water is used by the plant cells for photosynthesis and turgor, and the remaining 99% evaporates from the leaves and is lost to the atmosphere. This evaporation from leaves is called transpiration. The movement of water through a plant can be split into two sections: 
· How water enters the roots
· How water moves up the stem to the leaves:

1) How water enters the roots

· Water enters the root by osmosis
· Down a  gradient
· From the soil with a high to the root hair cells with a low (due to root hair cell actively transporting mineral ions into cytoplasm)
· Root hair cells are adapted to absorption by having:

· Large S.A.
· Large number of mitochondria (energy for active transport)
· Thin cell wall (does not interfere with flow)
· Low water potential
· Protein pumps in the membrane
[image: http://www.steve.gb.com/images/science/root_hair_matrix.png]






[image: ]Water can travel in three ways from the root hair cell to the xylem in the centre of the cell:









· The Symplast pathway (in cytoplasm)

· Water moves through the cytoplasm from cell to cell along the  gradient
· Passing through the PLASMODESMATA (fine pores in adjacent cell walls)

· The Apoplast pathway (in cell walls)

· The majority of water molecules move in the spaces between the cellulose fibrils in the cell wall
· When water reaches the ENDODERMIS they cannot travel through the walls because of the CASPARIAN STRIP around the walls:

[image: ]
Water movement blocked




· The Casparian strip is made of SUBERIN, a fatty waterproof material, which prevents water movement through Apoplast pathway; therefore it is forced to travel via the Symplast pathway, therefore increasing the pressure in the water.
· The majority of nitrate/ammonium ions are dissolved in water in the Apoplast pathway until it reaches the endodermis, where ions must be actively transported into cytoplasm to by-pass the Casparian strip – this allows the plant to selectively take up ions at this point

· Vacuolar pathway (in cell vacuoles)

· Water moves from cell to cell via vacuoles
· Down a  gradient

2) How water moves up the stem to the leaves

· By Transpiration (Cohesion – tension theory) (Transpiration animation)

· The water molecules in xylem form a continuous column due to COHESION between water molecules
· Caused by H bonds
· Water evaporates from the cell walls of mesophyll cells in the leaves
· Water molecules exit leaf via stomata
· Leaving leaf with a lower 
· Therefore water enters leaf
· Water is drawn up xylem under TENSION due cohesive properties
· There is adhesion between water and xylem walls which causes
· CAPILLARY ACTION due to narrow lumen of xylem
· Opening and closing of stomata can alter water loss through transpiration

Factors affecting the rate of transpiration
[image: ]





· The rate of transpiration can be measured in the lab using a potometer – see above. 
· To correctly assemble the potometer you should:

· make sure joints are airtight
· cut shoot under water
· keep leaves dry
· set up apparatus under water

· The potometer can be used to investigate how the following environmental factors effect the rate of transpiration:

· Light intensity – light stimulates the opening of stomata for gas exchange for photosynthesis. Therefore transpiration rate increases as the rate of which water molecules diffuse out of the stomata increases

· Increase in Temperature – this means that there will be a higher rate of evaporation from the mesophyll cells, which will increase the diffusion gradient between in/outside of the leaf

· Decrease in Humidity – Humidity is the % saturation of water molecules in the air; therefore if there is a decrease in water molecules in the air surrounding the leaf, this increases the diffusion gradient between in/outside of the leaf

· Wind speed – Wind moves saturated air away from the leaf, increasing the diffusion gradient between in/outside of the leaf


Xerophytes (plants adapted to dry conditions)

· A xerophyte is a plant that lives where water is in short supply. It has structural adaptations which reduce water loss mainly by reducing the rate of transpiration. Below are two examples of xerophytic plant:
· Marram grass adaptations

· Thick cuticle on leaves – impermeable to water
· Stomata in pits – Water vapour not moved, therefore maintains humid air around stomata, therefore reduces diffusion gradient
· Hairs surrounding stomata – traps water molecules, therefore maintains humid air around stomata, therefore reduces diffusion gradient
· Hinge cells – Causes leaves to roll up, therefore maintains humid air around stomata, therefore reduces diffusion gradient


· Cacti adaptations

· Rounded shape – small surface area:volume ratio, therefore less water lost
· Spines replaced leaves – smaller surface area, therefore less transpiration
· Succulent leaves and stem – stores water
· Long and shallow extensive root system – maximises water uptake


Mineral ion transport in plants

· Ions are absorbed from the soil by both passive and active transport. Specific ion pumps in the membranes of root hair cells pump ions from the soil into the cytoplasm of the epidermis cells. Two lines of evidence indicate that active transport is being used:

· The concentrations of ions inside root cells are up to 100 times greater than in the soil, so they are being transported up their concentration gradient.

· If respiratory inhibitors such as cyanide/malonate are applied to living roots, ion uptake is greatly reduced, since there is no ATP being made to drive the membrane pumps. Any remaining uptake must be passive.

Sugar transport in plants

· The phloem contains a very concentrated solution of dissolved solutes, mainly sucrose, but also other sugars, amino acids, and other metabolites. This solution is called the sap, and the transport of solutes in the phloem is called translocation, which occurs by Mass Flow, the bulk movement of substances through the phloem vessels.

· [image: ]Structure and function of Phloem[image: ]






· Phloem tissue is composed of sieve tube cells, which form long columns with holes in their end walls called sieve plates. The pores in the sieve plates allow large dissolved molecules to pass through

· The sieve tube cells are elongated so that there are fewer end walls for dissolved solutes to pass through
· The sieve cells are alive, but they lose their nuclei and other organelles, allowing quick MASS FLOW of dissolved solutes
· Many mitochondria in companion cells (which are connected to sieve cells via Plasmodesmata), used for active transport of sucrose into phloem

· Mass Flow theory

· Unlike the water in the xylem, the contents of the phloem can move both up or down a plant stem, often simultaneously (but not in the same sieve tube). The Mass Flow theory trys to explain how this is possible:

[image: ]
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1) Photosynthesising cells (Source cells) produce glucose which is converted into sucrose, which is loaded into the phloem sieve tube by active transport, using ATP

2) By increasing the level of solutes in the phloem, the  is lowered and water moves in from the adjacent xylem, by osmosis, down a  gradient

3) This raises the HYDROSTATIC PRESSURE in the phloem so that it has a higher pressure

4) At the roots/growing points (Sink cells) the sucrose diffuses into the cells down a concentration gradient, therefore removed from sieve tubes. Where it is converted to starch for storage or converted to glucose to be respired. The loss of sucrose from phloem raises the  higher than in the xylem

5) Water enters xylem by osmosis

6) Water moves from phloem to xylem down a gradient, causing a reduction in the Hydrostatic pressure

7) Water moves up the xylem by transpiration

8) Sucrose and dissolved solutes moves by mass flow from a high to low hydrostatic pressure, down a pressure gradient

Extension:
How is sucrose loaded into the phloem at the source?
·  Hydrogen ion (H+) are actively transported from the companion cells into the   surrounding tissues
·  the H+ will then diffuse back into the companion cells as it does, it brings in Sucrose with it via a co-transporter protein
· sucrose builds up in the companion cell, then diffuses into the sieve tube via the plasmodesmata
[bookmark: _GoBack]

Translocation experiments

· Aphid stylet experiments

· Aphids, such as greenfly, have specialised mouthparts called stylets, which they use to penetrate phloem tubes and sup of the sugary sap therein. 
· [image: ]If the aphids are anaesthetised with carbon dioxide and cut off, the stylet remains in the phloem so pure phloem sap can be collected through the stylet for analysis. 

· This surprising technique is more accurate than a human with a syringe and the aphid’s enzymes ensure that the stylet doesn’t get blocked

· Ringing experiments

· Since the phloem vessels are outside the xylem vessels, they can be selectively removed by cutting a ring in a stem just deep enough to cut the phloem but not the xylem. 
· After a week there is a swelling above the ring, reduced growth below the ring and the leaves are unaffected. This was early evidence that sugars were transported downwards in the phloem.
[image: ]








· Using Radioactive tracers

· Radioactive isotopes can be used trace precisely where different compounds are being transported from and to, as well as measuring the rate of transport. The radioactivity can be traced using photographic film (an autoradiograph). This techniques can be used to trace sugars, ions or even water.

· In a typical experiment a plant is grown in the lab and one leaf is exposed for a short time to carbon dioxide containing the radioactive isotope 14C. This 14CO2 will be taken up by photosynthesis and the 14C incorporated into glucose and then sucrose. 

[image: ]



· The plant is then frozen in liquid nitrogen to kill and fix it quickly, and placed onto photographic film in the dark. The resulting autoradiograph shows the location of compounds containing 14C.

· Problems with the mass flow hypothesis

· Mass flow is unable to describe for movement in opposite directions at the same time and different rates of sucrose flow

· Other hypotheses include:

· Diffusion
· Cytoplasmic streaming
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