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Abstract
My research involves analysis of the enzymatic hydrolysis of
cellulose in hopes of improving methods of breaking down cellulosic
waste that can be fermented into biofuels. The most abundant resource
available for development of biofuels is lignocellulosic biomass.
In order to convert lignocellulosic biomass into a useful form, it
must first be pretreated to separate the cellulose from other components.
Our group has utilized N-methyl morpholine N-oxide (NMMO) for this
purpose. The cellulosic material we have used thus far is Avicel® PH101, a manufactured crystalline material composed of short cellulose
chains useful in our study but not economically or commercially viable as
a real biomass source. A more suitable material is dissolving pulp, which
contains longer-chain cellulose more similar to real agricultural waste.
I have developed a new procedure for the creation of thin films of
dissolving pulp cellulose solution, which several enzymes adsorb to and
break apart. A device known as the Quartz Crystal Microbalance (QCM)
is used to study these adsorption and reaction processes.
Future research includes further data collection and analysis of the
kinetics of these reactions and modification of our current procedure to
accommodate materials containing longer strands of cellulose.

Background
The world’s dependence on nonrenewable fossil fuels as its main
energy and fuel source has brought about great interest in the research and
use of alternative energy sources. The green energy source most
economically capable of replacing liquid fuel consumption is biofuel, as
biofuels are carbon neutral, simply placing back into the atmosphere CO2
that plants had originally absorbed (Quintanilla, 2013).
The most abundant resource available for the development of biofuels
is lignocellulosic biomass (Kuo et al., 2008). Examples include agricultural
waste such as sugarcane bagasse or corn stover, and low intensity crops
such as switchgrass. Lignocellulosic biomass consists of three major
components: cellulose, hemicellulose, and lignin (Tabil et al., 2011). The
component that is most abundant and that holds the greatest potential for
production of sugars that can be fermented into biofuels through various
means is cellulose.
The cellulosic material used
thus far in my research laboratory
has been Avicel® PH-101, a
manufactured crystalline material
with a particle size of about 50 μm
(Sigma-Aldrich, 2012) and
composition of short cellulose
chains. While the usage of
Avicel® PH-101 is valuable in the
study of the hydrolysis kinetics of
cellulose, it is not economically or
Dissolving pulp cellulose, after being ground, has a
commercially viable as a real
cotton-like consistency. Grinding it increases its surface
area, making it easier to dissolve into NMMO solution.
source of biomass for biofuel
production. A more useful form of cellulose, however, is dissolving pulp,
whose particle size is over 100 μm and contains longer-chain cellulose
that is more similar to real lignocellulosic agricultural waste (Tacey,
2014).

Methodology
In order to convert lignocellulosic
biomass into a useful form, it must first
be pretreated to separate the cellulose
from the lignin and hemicellulose and
break down the cellulose’s crystalline
structure. Pretreatment methods
employed include dissolving cellulose
in a 50 % w/w aqueous solution of Nmethyl morpholine oxide (NMMO).
As an undergraduate research
assistant, I have developed a new
procedure for the creation of thin films
of dissolving pulp solution. In order to
prepare this solution, dissolving pulp is
first ground up in a coffee bean grinder
to a fluffy, cotton-like consistency
(Ramakrishnan et al., 2010). It is then
dissolved with aqueous NMMO
solution (50% H20 w/w). Eventually,
dimethyl sulfoxide (DMSO) is added to
decrease the viscosity of the solution
to allow for effective spin coating of the
solution onto small gold sensors and
thus the creation of thin films of
dissolving pulp.
After the films have been
created, they can then be used to
study the enzymatic hydrolysis of the
cellulose to yield glucose. The actual
process involves several enzymes that
adsorb onto the cellulose and break
apart cellulose chains at specific
locations. It is believed that this
adsorption process can be inhibited by
the products that are formed as well as
various external factors such as the
pretreatment solution (Tacey, 2014).

Quartz Crystal Microbalance

D.I. water flowing through tubing of the QCM into and out of the modules, each which contain one sensor.

Spin coater used to rotate a sensor
at 1000 rpm while cellulose solution
is pipetted onto the sensor.

We have been attempting to use a sophisticated device known as
the quartz crystal microbalance (QCM) that allows us to study the
adsorption and reaction processes independently. After sensors are
coated with dissolving pulp films and placed into the QCM, enzyme
solutions are run over the sensors (a process known as enzymatic
hydrolysis) which attack the cellulose to yield glucose. As the enzymes
break down the cellulose, the mass on the sensor changes, which
corresponds to a proportional change in resonant frequency (Turon et al.,
2008). These changes are detected by the QCM and recorded at small
intervals of time throughout the procedure. By studying the short time
response of a sensor, we can see the mass of enzyme that adsorbs to
the cellulose. Analysis of the long time behavior can yield the rate of
cellulose conversion to soluble sugars. In this way, the QCM allows the
study of what inhibits or promotes the adsorption of these enzymes onto
the cellulose films, as well as the rate of removal of these films.
Left: generic graph of data collected from the QCM of
frequency change (Hz) as a function of time. In Region I,
cellulose (enzyme) binding occurs. The dip in the graph is the
point at which the enzymes begin to latch on to the cellulose.
Region II is a linear increase in frequency until the cellulose
depletes and the graph plateaus in Region III (Quintanilla,
2013).

The sensors are pre-treated with lupamin,
coated with a cellulose-NMMO-DMSO solution,
then placed in the QCM. They consist of a
quartz crystal wafer metallized with gold.
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Right: Graph of data collected during
enzymatic hydrolysis of dissolving pulp
cellulose using the QCM. Data was
manipulated and plotted using MATLAB. The
different regions explained above can clearly
be seen (binding, adsorption, depletion).

Future Research
Now that I have developed a method of creating thin films of
dissolving pulp, I plan to further modify this procedure to accommodate
materials containing even longer strands of cellulose, and eventually
agricultural cellulosic waste in its original form of sugarcane bagasse, corn
stover, etc. Once this is accomplished, the QCM can be used to further
study the kinetics of the hydrolysis process and cellulose conversion.

