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Micrografting

or

Shoot-tip grafting (STG)
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Environmental 
Physiology

Nutrition and 
Assimilation 
Physiology
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Growth and 
Reproductive 
Physiology
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• The complete set of proteins found in each 
cell is known as the proteome

• Approximately 25,000 proteins in a plant 
cell
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• Proteins concentration (and activity) may be 
different than gene expression due to post-
translational modification
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Aquaporins (AQPs)

Text

Ea= 10-20 
kcal/mol

Ea < 5
Kcal/molAQPs

Text

Text

Two main topics were of special interest  
◊The high water transport rate (109 molecules per second)

◊The high selectivity for water



AQPs subfamilies:

Tonoplast intrinsic proteins

Plasma membrane intrinsic proteins
(PIP)

(TIP)

Nodulin26-like intrinsic proteins
(NIP)

Small basic intrinsic proteins
(SIP)



In the membrane, AQPs form tetrameric structures with each 
monomer acting as an independent water channel



Control of water permeability

Mechanisms of control 
flow across the 

membrane by AQPs

By changing 
their abundance 
in the membrane

By changing the 
rate of flow 
through the 
water channel



vChange in the rate of water flow

Text

Text

Posttransla
tional 

regulation

Phosphor
ylation

Text

Text

AQP gatingAQP gatingCytoplasmic 
pH Heavy Metals,

Ca2+,
Osmotic pressure



Separating the Proteome
• The protein genome is separated by several different 

methods. 

• The most commonly used method is 2-dimensional gel 
electrophoresis.
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electrophoresis.
– Consists of using isoelectric focusing with SDS 

polyacrylamide gel electrophoresis



Isoelectric focusing

• This separates proteins based on isoelectric point
• The isoelectric point is the pH at which the protein 

has no net charge.
• pH gradients may be large 2-10 or small 6-7
• Typically this is done with an immobilized pH 
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• Typically this is done with an immobilized pH 
gradient gel strip or with a tube gel containing a low 
concentration of polyacrylamide. 

• Ampholytes are added to create a pH gradient in an 
electric field and the proteins are loaded.

• The IEF gel is placed in an electrophoresis system 
for up to 24 hours and the proteins form tight bands 
at their isoelectric point.
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SDS Polyacrylamide Gel Electrophoresis

• The second dimension separates the proteins based on size.
• There are two parts, the stacking gel which concentrates the 

sample and the running gel that is used to separate the 
proteins.

• The IEF gel is soaked in a solution containing chemical to 
denature the proteins including sodium dodecyl sulfate a 
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denature the proteins including sodium dodecyl sulfate a 
detergent which gives the proteins a net negative charge.  
This means that all proteins will move in one direction.

• The IEF gel is then put in the one long well in the stacking 
gel, sealed in place with agarose, and the proteins subjected 
to an electric field to separate.  

• The larger proteins are found at the top and the smaller ones 
are found at the bottom of the gel.
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Mass Spectrometery

• Separates ions based on mass to charge ratio.
– Charges are placed on the protein or the peptide by 

ionization.
• Two most common types of ionization are:
• Matrix-Assisted Laser Desorption Ionization.
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• Matrix-Assisted Laser Desorption Ionization.
– MALDI causes fragmentation of the protein during 

ionization.  Can be used to get more information about 
the fragments.  Easier to do than ESI.

• Electrospray ionization  (ESI)
– ESI can give whole protein masses as well as complex 

masses.  If the proteins is first separated by reverse phase 
HPLC before injection only the subunits masses will be 
known.
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Amino Acid Masses
Amino acid Mass(avg) Amino acid Mass(avg)

G 57.0520 D 115.0886
A 71.0788 Q 128.1308
S 87.0782 K 128.1742
P 97.1167 E 129.1155P 97.1167 E 129.1155
V 99.1326 M 131.1986
T 101.1051 H 137.1412
C 103.1448 F 147.1766
I 113.1595 R 156.1876
L 113.1595 Y 163.1760
N 114.1039 W 186.2133
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