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Introduction/Project Overview

The Marine Biology Lab I worked 
in over the summer studied various 
Heat  Shock  Proteins  in  many 
intertidal creatures. In recent years 
they have become interested in one 
protein that has been studied very 
little:  CCAAT  Enhancer  Binding 
Protein  Delta  (C/EBPD).  When  a 
cell is stressed by excessive heat or 
low  oxygen,  a  series  of  DNA 
transcriptions causes C/EBPD to bind to DNA. This appears 
to halt cell cycle and eventually lead to cell death.

In the laboratory, a technique called 
a Western Blot is used to detect the 
presence of this protein, how large 
it is, and how much of it is present. 
In this process, a primary antibody 
is used that has a high affinity for 
the  specific  protein  to  bind  to  it. 
That can be later used to bind to a 
secondary  antibody  with  a  probe 
attached for easy detection. Our lab 

used horseradish peroxidase conjugate, also known as Protein 
G, for the secondary antibody. The light in emitted through 
its chemiluminescent properties made it very easy to detect 
by just exposing it to film.

The  primary  antibody  used  in  our  laboratory  was  custom 
made to bind to C/EBPD in Gobi fish and to Protein G. It 
was then tried on Trematomus bernacchii (an Antarctic fish), 
Carcinus  maenas  (Green  Crabs),  and  Mytilus  mussels.  In 
each  case  the  primary  antibody  seemed  to  only  bind  to 
C/EBPD,  even  though  it  was  not  custom  tailored  to  the 
species.

My project  was to learn the various protocols for  Western 
Blots and the steps leading up to them by testing if our lab's 
custom primary antibody would also work with the intertidal 
snails species Tegula funebralis and Nucella emarginata.

Methods

The entire process of detecting and measuring the molecular 
weight of C/EBPD fell into three different steps: preparing 
the  tissue  samples,  running  a  protein  assay,  and  finally 
running a Western Blot.

Tissue Preparation

• Tissue samples are ground up with a pestle and mixed 
with a lysis buffer to break up the cells.

• The  mixture  is  centrifuged  and  the  supernatant  (top) 
liquid  is  removed  and  saved.  This  thoroughly 
homogenizes the proteins while filtering out all the extra 
cell compartments.

One of the work stations used to mix and prepare buffers for various steps in the processes.

Bradford Protein Assay

• Samples of homogenized proteins are mixed and stained 
with Coomassie Brilliant Blue dye. This dye turns from 
brown to blue in the presence of protein.

• The  mixture  is  measured  in  a  spectrometer.  Its 
absorbance is proportional to the amount of protein the 
Coomassie  binds  with,  giving  us  an  accurate 
concentration of all the protein present in a sample.

• This  information  is  then  used  in  the  Western  Blot  to 
measure out equal amounts of protein.

Methods

Western Blot

• Equal concentrations of proteins are mixed with Sodium 
Dodecyl Sulfate to make them negatively charged.

• These  are  put  into  gel  wells  along  with  a  molecular 
weight standard.

Vertical electrophoresis gels.

• The  gels  are  submerged  in  a  buffer  and  an  electrical 
current is applied. 

• The SDS negatively charged proteins are attracted to the 
positive  electrode  and  move  through  the  acrylamide 
mesh gel. Smaller sized particles move through the gel 
quicker,  such  that  all  the  proteins  are  separated  by 
molecular weight.

• A nitrocellulose membrane is placed on top of the gel, 
sandwiched between filter paper, and placed in a buffer. 
A current is applied, which transfers the proteins onto the 
membrane which immobilizes them.

• Coomassie is applied to the membrane afterward to test 
how well the transfer worked.

• The membrane is then placed in a solution of milk block 
to fill in any areas not covered by proteins.

• It is then covered in the primary antibody, which should 
only bind to C/EBPD.

• It is rinsed and then covered with the secondary antibody 
(protein G), which should only bind to the primary.

• Hydrogen peroxide and luminol are added to enhance the 
chemiluminescent properties of Protein G.

• It is then exposed to film. The exposed lines on the film 
can be matched up with the molecular weight standard 
ladder  created  in  the  gel  to  correlate  the  protein's 
molecular weight.

A vertical electrophoresis gel hooked up  and running.

Results

  Weight Expected:
  30-40 kDa

  Weight Found:
  ~100 kDa and ~120 kDa

Discussion

There  were  several  problems  that  we  ran  into  while 
conducting the experiment. 

A problem was that many samples had a tendency to turn to 
gel.  This  was  initially  blamed  on  either  the  protein 
concentration being too high, or a problem in the freezing 
process.  We  tried  less-aggressive  freezing  and  adjusting 
protein  concentrations.  Some  snail  tissues  seemed  more 
prone  to  gel  up  than  others.  We  found  if  the  supernatant 
liquid was slimy after  homogenizing,  these samples would 
eventually have problems.

An unexpected new issue for the lab was many of the blots 
were  smearing.  We improved  it  the  most  by  lowering  the 
amount  of  primary  by  half  and  tripling  the  amount  of 
secondary.  With  less  primary  needed,  it  implied the  snails 
might contain more C/EBPD.

Curiously, our Western Blots produced two lines instead of 
one.  However,  this  is  understandable  because  some  genes 
create isoforms, two different versions of a protein. 

The  bigger  problem  was  the  blots  produced  lines  with 
molecular  weights  three  times  higher  than  most  other 
creatures tested in the lab. We thought that several proteins 
had  aggregated  together.  We  tried  several  different  things 
such as mixing slightly thinner gels and running the current 
through the gels longer, but the results were the same. At this 
point  we believed the primary did not bind to C/EBPD in 
these snail species.

Some  final  research  into  the  Internet  database  Genbank 
explained this  last  anomaly.  Most  Genbank entries  for  the 
C/EBPD gene contain around 500 base pairs, but two aquatic 
gastropods have over 2700. These are extremely large, so it is 
likely the C/EBPD proteins they create are also large. With 
this explanation, and the various knowledge and techniques I 
acquired,  this  successfully  concluded  the  project  and  my 
objectives.
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A stereoscopic view of the DNA binding 
region for the family of C/EBP transcription 

factors. (Pathak & Sigler, 1992)

A diagram of a Western Blot technique using 
Protein G as the secondary antibody. 

(Phototope, 2010)
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Western Blot of Tegula funebralis

The UV Visible Spectrometer 
used to test the protein assay 

samples.

Protein assay samples mixed 
with  Coomassie  ready  to  be 

placed in the spectrometer.


