
Fishing for function: Identifying functional binding partners
of CUG-binding protein 1

 One of the most remarkable distinguishing features of living organisms is their 
ability to �uidly adapt to changing environmental conditions. The advances in mo-
lecular biology over the past 50 years have resolved the general outlines this capac-
ity for adaptation on the scale of molecules.  We now view an organism’s ability to 
adapt as the result of many complex programs of gene expression.  As a basic sci-
ence, the improved resolution of these expression programs has proved invaluable 
in understanding many clinical pathologies, the most dramatic being cancer.  My 
laboratory work has focused on resolving a process cells use, at the level of messen-
ger RNA (mRNA), to turn o� genes before functional proteins are made. This enzy-
matic process involves the break down of mRNA polymers where the degrading en-
zymes are recruited by speci�c adaptor proteins to speci�c sets mRNA. One of these 
adaptor proteins is CUG-binding protein 1 (CUGBP1) and identifying the mRNA set 
CUGBP1 targets has been a focus of our lab. The degradation proteins which 
CUGBP1 targets to the mRNA are only poorly resolved. I am using a yeast-two 
hybrid screen to identify CUGBP1 binding candidates. These candidates will then be 
con�rmed by co-immunoprecipitation and mRNA a�nity chromatography. This will 
allow me to characterize the speci�c mechanism of decay elicited by the function of 
CUGBP1.
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Figure 2 – Yeast two hybrid screen:  The yeast two-hybrid screen is an assay which identi�es protein–protein interactions from 
protein expression libraries. For screening, a bait protein (green) is fused to a DNA binding domain (BD; red) and a prey protein 
library is constructed where each prey protein (blue) is fused to a transcription activation domain (AD; red). The bait and prey 
are then transformed into yeast so that only one form of prey is present with the bait. If there is an interaction between the 
bait and the prey, transcription of a selectable marker (His3) is activated and the cell can grow (left panel). Without this bait-
prey interaction, the cell can not grow on media lacking Histidine (right panel).  For this project, CUGBP1 serves as the bait and 
the prey library of 3.3x106 di�erent clones was constructed from proteins expressed in splenocytes.

Figure 3 – Yeast two-hybrid system controls:  An auxotrophic yeast strain is used which must be supplied tryptophan, 
lysine, and histidine to grow. These metabolic de�ciencies are used to select for cells that have been transformed with 
plasmids expressing biosynthesis machinery for the marker. For this system, the plasmid carrying the bait supplies 
tryptophan and the prey/library plasmids supply lysine.  To con�rm the proper functioning of this selection, six trans-
formants were tested for their ability to grow on each of six di�erent selection media (Trp-, Leu-, His-, Leu- Trp-, Leu- 
His-, and Leu- Trp- His-). Transformant 1 shows that the plasmid selection functions correctly and transformant 4 
shows that the protein interaction selection is also functioning properly. Due to the possibility that bait or prey pro-
teins can activate His3 expression without their complementing plasmid, transformants 2 and 3 control for this possi-
bility con�ating the Ras-Raf positive of transformant 4. Additionally, transformants 5 and 6 show the similar control 
for CUGBP1.

Figure 4 – GRE a�nity chromatography: A�nity chromatography provides an in vitro method for purifying proteins 
based on their a�nities to a substrate coated chromatography column.  Biotin labeled RNA substrate is bound to a 
strepdavidine matrix and a solution of proteins extracted from cells is applied to the column. Proteins that form a 
complex on the substrate stick to the column (left panel) while proteins that do not complex to the substrate are 
washed away (right panel). The binding complex can then be eluted by competing o� the complex binding. For this 
project, a GU-rich element (GRE) coated column will be used as CUGBP1 has a strong a�nity for GRE-containing sub-
strates. Cytoplasmic T-cell extracts will be used due to the con�rmed activity of CUGBP1 in T-cells. Of interest are the 
interacting partners of CUGBP1 and this chromatography will only purify minute amounts of these co-binders. To 
ensure that these proteins which are present in low amounts are not excluded, mass-spectrometry will be used to 
identify the proteins puri�ed with a high degree of sensitivity.

Figure 5 – Co-immunoprecipitation: Co-immunoprecipitation is an in vitro reaction which removes speci�c protein 
complexes from solution.  In its most general form, a bivalent antibody is used to remove the targeted protein com-
plex from solution.  For this project, CUGBP1 (green) will be targeted by a speci�c antibody (brown) for an initial screen 
(left panel). A control antibody, not speci�c for CUGBP1, will not be associated with the CUGBP1-complex (right panel). 
A second stage will follow by targeting the identi�ed interacting partners with speci�c antibodies to determine 
whether CUGBP1 can be co-precipitated. 
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Figure 1 – Experimental quali�cation of binding candidates: Yeast two-hybrid, a�nity chromatography, and co-immunoprecip-
itation when considered alone do not provide rigorous evidence for identi�cation of binding candidates.  To obtain rigorous 
evidence, the three binding experiments are considered together where each experiment independently evaluates the other.  
In addition to the independent quali�cation, using di�erent screening methods allows for the identi�cation of binding candi-
dates which the other methods are not sensitive to. For this project, yeast two-hybrid establishes the broadest screen for 
binding and a�nity chromatography provides the less broad, more stringent screen (screening stage). Candidates found in 
both screens will be validated en masse and then individually in a series of co-immunoprecipitation experiments 
(con�rmation stage).
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Transformants: (1) Empty bait plasmid & Empty prey plasmid; (2) ‘Ras’-bait plasmid & Empty prey plasmid; (3) Empty bait 
plasmid & ‘Raf’-prey plasmid; (4) ‘Ras’-bait plasmid & ‘Raf’-prey plasmid; (5) bait clone 1 bait plasmid & Empty prey plas-
mid; (6) bait clone 2 bait plasmid & Empty prey plasmid.

Three binding assays will be used to screen and rigorously con�rm the binding part-
ners of CUGBP1: Yeast two-hybrid, a�nity chromatography, and co-immunoprecipi-
tation assays.

Yeast two-hybrid provides the �rst screen for identifying CUGBP1 binding candi-
dates from a splenocyte expression library. The functionality of the system has been 
con�rmed.

A�nity chromatography purifying CUGBP1 and co-binders from T-cell extract will 
serve as a second screen.

Interacting candidates found in both yeast two-hybrid and a�nity chromatography 
will be validated using co-immunoprecipitation to independantly precipitate 
CUGBP1 complexes with antibodies against CUGBP1 and co-binders.

Identifying CUGBP1 binding proteins is the �rst step for identifying the functional 
proteins which CUGBP1 recruits to unstable mRNA. The best candidates from the 
binding studies will be individually knocked down using RNA interference in Hela 
cells to see if CUGBP1 dependant mRNA decay is interrupted.

Following the identi�cation of functional binding partners of CUGBP1, modi�ca-
tions to proposed phosphorylation sites can be studied to see how they a�ect bind-
ing to these functional binding partners. This will help resolve how CUGBP1 �ts into 
signalling pathways.
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