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ELECTROPHORESIS
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Electroosmotic flow (EOF)
Movement of BGE in the presence of 

an electric field due to fixed charges 

on the inner walls of the capillary –

governed by permittivity, viscosity, 

pH & ionic strength.

Electrophoretic (EP) velocity
Force experienced by a 

charged particle in response to 

an applied electric field -

governed by mass, charge, 

radius, shape of the analyte.

In capillary zone electrophoresis 

(CZE) the sample constituents are 

separated due to differences in their 

migration velocity in the presence of 

an applied field.

The effective migration velocity of an 

analyte in a CZE system is a vector 

sum of electrophoretic (EP) and 

electroosmotic flow (EOF) velocities.
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Chemicals & Enzymes

A P/ACETM MDQ (Beckman Coulter) was used for Capillary Zone 

Electrophoresis (CZE) separations presented in this poster. Neutral 

capillaries (hydrophilic and low EOF) of 50 µm I.D. and 375 µm O.D. 

containing polyimide cladding were obtained from Beckman. Overall 

capillary length was 60 cm with on-line detection window at 50 cm. The 

capillary was housed in a cartridge which allowed liquid cooling to 

maintain a constant capillary temperature at 25 ºC. The capillary was 

prepared by flushing it with de-ionized H2O (18.2 MΩ) for 5 min, 0.1 N 

HCl for 2 min and de-ionized H2O 5 min again. The capillary was then 

rinsed with the buffer solution (sodium phosphate) for 20 min. Pressure 

injection mode (0.5 psi, 10 s) was used. Separated components were 

detected at 214 nm. CZE was performed with reverse polarity (outlet 

positive).

Cellobiohydrolase (CBH) and endo-β-glucanase (EG) from Trichoderma longibrachiatum and β-glucosidase (BG) from 

Aspergillus niger were bought from Megazyme, Ireland. The enzymes were supplied as ammonium sulphate suspension in 

3.2 M ammonium sulphate and 0.02% sodium azide. The enzyme suspensions were stored at 4ºC. The enzymes were 

desalted by using 10 KDa molecular weight cut-off (MWCO) polyethersulfone VivaspinTM (Sartorius) columns after 

which they were divided into aliquots of ~20µl and stored in polypropylene vials at -80 ºC.

All other chemicals were obtained from Sigma-Aldrich and were of ultrapure grade and used without further purification. 

The composition of background electrolyte (100 ml) used in the experiments are shown below.
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Increased pH:
1. Selectivity of separation decreases

2. BG is unstable at pH > 8.5

3. For phosphate buffer: ionic strength 

(hence Joule heating) increases & 
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Decreased pH:
1. Analysis time increases:

For analysis time < 35 mins, pH > 7.5
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Background electrolyte should have a sufficient buffering

capacity to maintain stable pH in both vials (as H+ and OH-

are produced when high voltage is applied), thereby reducing

the baseline drift [1].
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Analysis time vs. pH
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0 5 10 15 20 25 30

0.0

2.0x10
-3

4.0x10
-3

6.0x10
-3

8.0x10
-3

1.0x10
-2

1.2x10
-2

1.4x10
-2

B
G
, 
0
.5
3
 m
g
/m
l

A
b
s
o
rb
a
n
c
e
 (
A
U
)

Time (Minutes)

C
B
H
, 
2
.0
2
 m
g
/m
l

E
G
, 
2
.5
1
 m
g
/m
l

Remaining peaks: contaminants

Sodium phosphate buffer (25mM, pH 7.5)

B
S
A
 (
p
re
s
e
n
t 
in
 B
G
 f
o
r 
s
ta
b
ili
ty
) Separation and 

Quantification of a 

mixture of  

Cellobiohydrolase

(CBH),

Endo-glucanase 

(EG) and

β-glucosidase

(BG)

CONCLUSIONS FUTURE WORK ACKNOWLEDGEMENTS
The future work will focus on the following:

1. Exploring the effect of  Tris-MES buffer on resolution, peak shape, Joule heating & buffering capacity.

2. Optimizing injection parameters and separation voltage.

3. Lowering the Limit of Detection.

4. Validating the method – ruggedness, accuracy and reproducibility.
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1. We have successfully separated cellobiohydrolase (CBH), endo-β-gluconase (EG) and β-glucosidase (BG).

2. The expected concentration of CBH, EG and BG in GM plants is expected to be as follows: CBH: 0.2 

mg/ml, EG: 0.025 mg/ml BG: 0.005 mg/ml. Therefore, currently obtained LOD for CBH is suitable to 

monitor its concentration in GM plants. But it is necessary to reduce the LOD of EG & BG for the purpose.
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This poster presents 

preliminary separation 

and quantification results 

of cellulases using CZE
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Endo-glucanase

Increasing and continuing dependence on dwindling petroleum resources has lead to escalating oil prices and the 

concentration of green-house gases. Bio-ethanol is believed to decrease our dependence on petroleum-derived 

transportation fuels [1]. Currently, corn in United States and sugarcane in Brazil are the most commonly used feedstocks 

for the commercial production of ethanol (first generation bio-fuels). But their use has been discouraged due to fears that 

the use of food crops for ethanol production can increase food prices and decrease food supply. However, the conversion 

of lignocellulosic biomass to ethanol (second generation bio-fuels) does not create a pressure on existing food or land 

resources, and therefore presents an ideal opportunity for lucrative commercial bio-ethanol production. One source of 

lignocellulosic biomass is bagasse (the fibrous portion left after stalks of sugarcane are crushed to extract the juice).

Hydrolysis of cellulose in pretreated bagasse requires a number of cellulase enzymes and the US Department of Energy 

(DOE) has identified the high cost of these enzymes as the key barrier to economic production of ethanol from bagasse. 

It has been suggested that genetically modified (GM) plants

which can express multiple cellulases have the potential to

provide the lower cost performance cellulosic enzymes.

The expression of enzymes in GM plants needs to be
characterized for:

1. Fiscal Measures

2. Process Control

fluidic-based analyser with integrated sampling unit (collectively called an 

Integrated Cellulase Unit, ICU) to enable real time monitoring of enzymes.


