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Introduction 

Translation is the process by which the information encoded in a messenger RNA 

(mRNA) is used to construct a polypeptide. Its regulation is critical for various cellular 

processes. Translational regulation plays an important role in learning and memory, stem cell 

differentiation, and the development of organisms
1-3

. It is essential during early development 

when little to no transcription is occurring. Sex determination and anterior/posterior patterning in 

Drosophila is under translational control as is the sperm/oocyte decision in the Caenorhabditis 

elegans germ-line
3,4

. 

 In collaboration with a former Wickens’ Lab member, I have begun to develop a novel 

strategy to alter the translation of specific mRNA using a fusion of an RNA binding domain and 

a regulatory protein (Chapter 1). In parallel, I have identified proteins that interact with two 

Xenopus laevis deadenylases in an effort to provide insight into their mechanism of translational 

repression (Chapter 2). 
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Chapter 1: Utilizing the PUF scaffold to 

modulate translation 

Introduction  

Tethered function assays have helped describe activation and repression in translational 

regulation
5
. Artificial tethers, such as the MS2 coat protein, have proved useful in characterizing 

proteins involved in these processes
5-7

. However, these tethers lack the flexibility to extend the 

use of regulatory proteins for modulation of all mRNA translation. The PUF scaffold may 

provide the versatility necessary for the application of translational regulators as a means of 

influencing translation. 

 GLD-2, a C. elegans poly(A) polymerase, and Caf1b, an X. laevis deadenylase, are 

factors that have been characterized by the tethered function assay. In an MS2 fusion, GLD-2 

actively polyadenylates and enhances translation of reporter RNA, whereas Caf1b actively 

deadenylates and represses translation of reporter RNA
6,7

. If tethered to an RNA a by the PUF 

scaffold, these proteins could potentially be used to alter translational activity. 

 The notion of using fusion proteins to influence gene expression has precedence. 

Zinc-finger proteins have been extensively studied and successfully used to alter transcription of 

endogenous gene targets
8,9

. Specificity is engineered through combinations of multiple zinc-

finger domains. Fusion of the zinc-finger domains with effector proteins allows for up or down 

regulation of transcription
10

. 

 The PUF scaffold possesses a similar flexibility. PUF proteins are a family of 

RNA-binding proteins characterized by 8 helical PUF repeats that recognize sequences in the 3’ 

untranslated region (UTR) of mRNA
11

. Residues in the helical repeats can be changed by 

mutagenesis to predictably change the sequence recognized by the protein
12,13

. This ability to 

create unique specificities in PUF domains and fuse them to effector proteins was successfully 

used in a similar effort to generate unique splicing factors capable of modulating alternative 

splicing
14

. 

 Here, we attempt to utilize the PUF scaffold as a means of affecting translation in vivo. 

PUF fusions with GLD-2 and Caf1b produced chimeras that activate and repress translation 

respectively. We plan to test whether these chimeras can act on endogenous mRNA targets to 

counteract cellular regulation of translation and the poly(A) tail. 
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Methods 

DNA constructs: pCS2+3HA. Three hemagglutinin (HA) tags were inserted into the BamHI and 

EcoRI restriction sites of the pCS2+ vector. An NcoI restriction site was introduced before the 

EcoRI site (pCS2+3HA). The FBF-2 RNA binding domain (AA 121-632), full length Caf1b, and 

the Δ3 fragment of GLD-2 (ref 6, AA 532-1113) were PCR amplified and ligated into the NcoI 

and StuI restriction sites of pCS2+3HA to create pCS2+3HA:FBF-2, pCS2+3HA:Caf1b, and 

pCS2+3HA:GLD-2 respectively. An XmaI restriction site was introduced before the StuI 

restriction site in the pCS2+3HA:FBF-2 and pCS2+3HA:GLD-2 plasmids. 

 

Fusion Proteins. The Δ3 fragment of GLD-2 was PCR amplified and ligated into the XmaI and 

StuI restriction sites of pCS2+3HA:FBF-2 with the addition of a stop codon 

(pCS2+3HA:FBF-2:GLD-2). Additional restriction sites were added to the pCS2+3HA:FBF-2 

vector by annealing, phosphorylating, and ligating oligos AP003 (ccgggggacccatcgatgaaggaagatc 

ttcctagactagtctagaaagg) and AP004 (cctttctagactagtctaggaagatcttcttcatcgatgggtccc) into the XmaI 

and StuI restriction sites (pCS2+3HA:FBF-2+PL). Caf1b was PCR-amplified and inserted into 

the ClaI and BglII restriction sites of pCS2+3HA:FBF-2+PL to create pCS2+3HA:FBF-2:Caf1b. 

The construct was further modified by the addition of a flexible protein linker consisting of four 

repeats of a GGGGS peptide. The linker was inserted into the XmaI and ClaI restriction sites 

using an oligo (ccgggggaggaggcggctctgggggaggcggctctgggggaggcggctctgggggaggcggctctat). 

 FBF-2 and PUF8 were PCR-amplified and ligated into the XmaI and StuI restriction sites 

of pCS2+3HA:GLD-2 to create pCS2+3HA:GLD-2:FBF-2 and pCS2+3HA:GLD-2:PUF8 

respectively. The GLD-2 mutant D608A that abolishes catalytic activity and the FBF-2 mutant 

R6-SYE that alters sequence specificity were introduced into the fusion proteins as previously 

described
6,12

. All pCS2+ constructs were linearized by NotI digestion. 

 

Reporter plasmids. A 22 nucleotide oligo of the FBEa site from the gld-1 3’ UTR with three 

cytosine/thymine repeats before and after it (ctagtctctcttagaatcatgtgccatacatcactctctg) was 

inserted into the pLG-MS2 plasmid by dropping out the MS2 stem loops via the SpeI and BamHI 

restriction sites (pLG:FBE). A UGU to ACA mutant that abolishes FBF-2 binding was created 

by using a similar oligo (ctagtctctcttagaatcaacagccatacatcactctctg). Constructs were amplified by 

PCR with the addition of a 50 residue poly(A) tail using oligos ljo424 (taatacgactcactataggcctaa 
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gcttgtcgaccatggaagacgcc) and ljo426 (tttttttttttttttttttttttttttttttttttttttt ttttttttttagagagtgatgtatggcacat 

gattctaagaga). 

 The 19 nucleotide NRE-1 sequence from Cheong et al. 2006 was inserted into the 

pLG:NRE-2:A39 vector (unpublished) by dropping out the NRE-2 sequence via the SpeI and 

BglII restriction sites. The construct was linearized by BamHI digestion. 

 Constructs for the short radiolabeled RNAs in the polyadenylation assays were created by 

digesting pLG:FBE with SfoI and HpaI and blunt end ligating to removing the firefly luciferase 

open reading frame. PCR with primers ljo424 and ljo426 was used to amplify the construct and 

add a 50 residue poly(A) tail. 

 Constructs for the short radiolabeled RNAs in the deadenylation assays were created by 

PCR-amplification using forward primer AP123 (taatacgactcactatagggacgtatgtaaaggccaagaagggc 

ggaaagtccaaattgtaa) and the reverse primer ljo426 for adenylated reporters or the reverse primer 

AP116 (agagagtgatgTATGGCACAtgattcta) for deadenylated reporters. The pJ65A plasmid has 

been described
15

. 

 

In vitro Transcription.  Plasmid were linearized or amplified by PCR as indicated above. 

Transcription reactions were performed as previously described
6
. 

 

Microinjections and Dual Luciferase Assay. Oocyte injections and the dual luciferase assay 

were performed as previously described
7
. 

 

RNA Extraction and Analysis. Oocyte RNA was prepared by using TRI reagent, following the 

manufacturer's instructions (Sigma). RNAs were separated on a 6% polyacrylamide gel and 

analyzed by autoradiography. 

 

Western Blotting. 

Western blotting was performed as described with the following modifications
6
.  Oocytes 

were lysed in 10ul PBS plus protease inhibitors per oocyte, centrifuged at 3000 rpm for 10 

minutes at 4
o
C and supernatants collected.  Lysate from one oocyte was loaded into an 

SDS/PAGE gel. Proteins were analyzed by Western blotting using mouse monoclonal anti-HA 
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antibody (HA11 1:1000 dilution, from Covance, Princeton) and anti-Actin antibody (Actin 

1:40,000 dilution, from MP Biomedicals). 
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Figure 1-1. (A) Method. FBF-2/GLD-2 protein was expressed in X. laevis oocytes; then a 

co-injection of two reporter RNA: firefly luciferase contained an FBE, Renilla luciferase did not. 

(B) FBF-2/GLD-2 activates translation. Translational activity was quantified as the ratio of firefly 

luciferase activity to Renilla luciferase activity. Values represent the average of four groups of 

four oocytes and were normalized to the no protein group. Error bars represent one standard 

deviation. Protein equivalent to a single oocyte was analyzed by western blotting using 

anti-HA11 and anti-Actin antibodies. 

Results 

 

FBF-2/GLD-2 fusion proteins enhance translation. 

To examine whether PUF scaffolds could be used to cause mRNA activation, we linked 

FBF-2, a C. elegans PUF protein, to GLD-2, a C. elegans poly(A) polymerase. An HA tagged 

FBF-2/GLD-2 chimera was expressed in Xenopus oocytes. The same oocytes then received a 

co-injection of two reporter mRNA: a polyadenylated firefly luciferase mRNA containing an 

FBE in its 3’ UTR and a Renilla luciferase mRNA that lacked an FBE  (Figure 1-1A). Data was 

expressed as the ratio of firefly to Renilla luciferase. 

 The FBF-2/GLD-2 chimera increased translation of firefly luciferase (Figure 1-1B). The 

effect was specific and unique to the chimera. It required the presence of a wildtype FBE 

(bar 5 vs 6) as well as the GLD-2 segment of the chimera (bar 4 vs 6). FBF-2 alone had no 

activity (bars 1 to 4). The abundance of FBF-2/GLD-2 was no greater than that of FBF alone 

(Figure 1-1B). 
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Figure 1-2. FBF-2/GLD-2 

directs polyadenylation. A 
32

P labeled RNA carrying a 

single FBE was injected into 

oocytes expressing FBF-

2/GLD-2. RNA was 

extracted after 16h and 

analyzed by electrophoresis. 

FBF-2/GLD-2 fusion proteins direct polyadenylation. 

To test whether FBF-2/GLD-2 chimera caused specific 

polyadenylation, we used a short radiolabeled RNA as a 

substrate. This reporter RNA carried a single FBE and 

corresponded to the 3’UTR of the mRNA used in Figure 1. The 

FBF-2/GLD-2 fusion added poly(A) to the reporter RNA as 

evaluated by gel electrophoresis (Figure 1-2). Both orientations 

of FBF-2 and GLD-2 were functional (lane 1 vs 3 and 4). 

Polyadenylation required the GLD-2 portion of the chimera 

(lane 2 vs 4). Moreover, it was abolished by two point mutations 

in the GLD-2 active site (lane 4 vs 5). We conclude that FBF-2 

can tether GLD-2 to promote polyadenylation and translation. 

 

PUF proteins provide specificity. 

Exchanging PUF8, a C. elegans PUF protein, for FBF-2 

in the GLD-2/FBF-2 chimera changed the specificity of the 

chimera (Figure 1-3). GLD-2/FBF-2 chimera enhanced the 

translation of mRNA containing an FBE in the 3’UTR (bar 1 vs 

3) and had no effect mRNA with an NRE (bar 2 vs 4). GLD-

2/PUF8 chimera had the opposite effect; it enhanced the 

translation mRNA containing an NRE in the 3’UTR (bar 1 vs 5) 

and had no effect mRNA with an FBE (bar 2 vs 6). The chimeras 

expressed at a similar level as shown by Western blotting (Figure 

1-3). 

FBF-2 mutants alter specificity. 

 Mutations in the PUF domain of FBF-2 changed the specificity of the FBF-2/GLD-2 

chimera in a predictable manner (Figure 1-4). Wildtype FBF-2/GLD-2 chimera added poly(A) to 

reporter RNA with a wildtype FBE (lane 1 vs 2) and had no effect on mutant (UG34AA) RNA 

(lane 3 vs 4). Mutant (R6-SYE) FBF-2/GLD-2 chimera added poly(A) to reporter RNA with a 

mutant (UG34AA) FBE (lane 7 vs 8) and had no effect on wildtype RNA (Lanes 5 vs 6). We 

conclude that the PUF scaffold provides flexibility in the specificity of PUF/GLD-2 chimeras. 
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Figure 1-3. Translational activation 

requires corresponding binding 

element. Assay was performed as in 

Figure 1-1B with two firefly 

luciferase mRNA. One carrying the 

FBEa, the other carrying the NRE-

1. Proteins were analyzed as in 

Figure 1-1B. 

Figure 1-4. FBF-2 

mutants alter chimera 

specificity. Assay was 

performed as in Figure 

1-2 with two reporter 

RNA. One with the wt 

FBE and the other 

with an UG23AA 

mutant FBE. 
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Figure 1-5. (A) FBF-2/Caf1b represses translation. Assay and protein analysis was 

performed as in Figure 1-1B. (B) FBF-2/Caf1b directs deadenylation. Assay was 

performed as in Figure 1-2. 

 

 

 

 

 

 

 

 

 

 

 

FBF-2/Caf1b fusion proteins repress translation and direct deadenylation. 

 To test whether PUF scaffolds could also be used to cause mRNA repression, we linked 

FBF-2 to Caf1b, a Xenopus deadenylase. The chimera decreased translation of reporter RNA 

(Figure 1-5A). The repression was dependent on the fusion (bar 1 vs 4). Neither FBF-2 nor Caflb 

alone could facilitate repression (bars 2 and 3). The abundance of FBF-2/Caf1b was no greater 

than that of FBF-2 or Caf1b (Figure 1-5A). 

 The FBF-2/Caf1b chimera removed poly(A) from a short radiolabeled reporter RNA 

(Figure 1-5B). This reporter RNA carried a single FBE and corresponded to the 3’UTR of the 

mRNA used in Figure 5A. As with translational repression, the deadenylation activity was 

dependent on the fusion (lanes 1 and 2 vs 5). Neither FBF-2 nor Caf1b significantly 

deadenylated the reporter mRNA (lanes 3 and 4). The insignificant deadenylation by Caf1b is 

likely a result of random nuclease activity due to over expression (lane 4). We conclude that 

FBF-2 can tether Caf1b to promote deadenylation and translational repression. 
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Discussion 

 We conclude that the PUF scaffold can be used to engineer chimeras capable of affecting 

translation. PUF fusions with GLD-2 and Caf1b produced chimeras that activate and repress 

translation respectively (Figures 1-1A and 1-5A). The chimeras also influenced the length of a 

reporter mRNA’s poly(A) tail (Figures 1-2 and 1-5B). Exchanging or mutating the PUF domain 

altered specificity of the chimera in a predictable manner (Figures 1-3 and 1-4). 

 There are a few other parameters of the chimera we intend to investigate. Specifically, we 

want to know how increasing the number of binding sites in the 3’ UTR of the reporters will 

affect the magnitude of change in translational activity. In parallel, we want to explore the effect 

of altering the chimera’s affinity for the reporter RNA. We plan to accomplish this by utilizing a 

series of mutant human Pumilio scaffolds as well as mutant versions of the NRE (described in 

ref 13). Finally, we plan to test the ability of a PUF/GLD-2 fusion to adenylate an artificial 

reporter marked for deadenylation and the ability of a PUF/Caf1b fusion to deadenylate an 

endogenous mRNA marked for adenylation during oocyte maturation. 

 The PUF scaffold approach to modulating translation is flexible. Virtually any regulatory 

protein could be fused to a PUF domain to promote a desired effect on an mRNA. The specificity 

created by PUF proteins is currently limited by our knowledge of the PUF-RNA interaction. 

However further research in the area could broaden the make-up and length of sequences 

recognized by PUF domains. 

 Currently, there is no way to up regulate the translation of a specific mRNA in vivo. PUF 

chimeras provide this possibility. Their flexibility will allow for advancements in the 

understanding of translational regulation and its biological effects on a cell. PUF engineered 

splicing factors have proved effective in promoting alternative splicing to alter a cell’s fate
14

. A 

similar role can be imagined for PUF translational effectors. They could be used to correct or 

alter changes in gene expression at the translational level that have adverse effects on a cell. The 

PUF chimeras could also be used in combination with PUF engineered splicing factors and zinc-

finger fusion proteins to acquire control over gene expression at multiple levels. 
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Chapter 2: Mechanisms of Caf1 repression 

Introduction 

Translation of mRNA is correlated with the length of the poly(A) tail. Lengthening of the 

tail, or polyadenylation, corresponds to activation, whereas shortening, or deadenylation, 

corresponds to repression. Deadenylation is also the rate-limiting step in mRNA decay and has 

been implicated in a number of biological processes
16

. Enzymes called deadenylases are 

responsible for removal of the poly(A) tail. 

 There are multiple families of deadenylases; one in particular is the POP2 family. POP2 

deadenylases associate with a larger complex of proteins called the Ccr4-Pop2-Not complex
16

. In 

yeast, Pop2p appears to serve as a bridge to bring together an RNA binding protein and Ccr4p, 

the major deadenylase of the Ccr4-Pop2-Not complex
17,18

. While it is not essential for repression 

in yeast, Pop2p does exhibit deadenylase activity. It has also been suggested that Pop2p is 

involved in a deadenylation independent mechanism of repression
18

. 

 The X. laevis homologs of Pop2p are Caf1a and Caf1b. Both Caf1 proteins display 

deadenylase activity in vitro and in vivo.  They have also been shown to repress translation 

through the tethered function assay
7
. Caf1a and Caf1b exhibit a distinct deadenylation 

independent mechanism of repression. The deadenylases are capable of repression in the absence 

of their catalytic activity and in the absence of the poly(A) tail
7
. 

 In an effort the further characterize the X. laveis Caf1 proteins, we performed a yeast 

2-hybrid screen to look for interactions that may provide insight into the deadenylation 

independent mechanism of repression. Several interactions were confirmed, two of which are 

eukaryotic initiation factors. We hypothesize these factors may be involved in a Caf1 

deadenylation independent mechanism that involves the disruption of translation initiation. 
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Methods 

DNA Constructs. The pBTM116 plasmid was modified by replacing the ampicillin marker with 

kanamycin via transposition and by inserting a new MCS (catatggccatggaggccggcctaggcgcctcc) 

into the EcoRI and BamHI restriction sites to create pBTMKnDB. Caf1a and Caf1b were PCR 

amplified and ligated into the NcoI/NaeI and NcoI/BamHI restriction sites of pBTMKnDB 

respectively. The pVP16 plasmid was received as a gift from Jonathan A. Cooper and has been 

described
19

. The Xenopus Egg cDNA library has been described
20

. eIF4AII and eIF3d were PCR 

amplified from their pVP16 constructs in the cDNA library and ligated into the EcoRI and StuI 

restriction sites of pCS2+3HA. 

 

Recombinant Proteins. Recombinant Caf1 was expressed and purified as previously described 

with the following modifications
21

. Caf1a and Caf1b were cloned into the pHMTC vector to 

create an MBP fusion. Fusion proteins were bound to amylose resin and were not eluted. 

 

In vitro translation. In vitro translated proteins were created using the Promega TnT Sp6 

Coupled Reticulocyte Lystae System according to the supplied instructions. 

 

MBP Pulldown Assay. 10ug of recombinant protein bound to amylose resin was incubated with 

10uL of TnT translated protein and 50uL TNMEN 150 (50mM Tris-HCl pH 8.0, 0.5% NP40, 

1mM EDTA, 2mM MgCl2, 150mM NaCl) for two hours with end over end rotation (2uL 

RNAseA/T1 mix from Ambion was also added to select reactions). Reactions were spun at 

3000rpm for 1min to pellet the resin. Supernatant was removed, and the resin was washed 4 

times by incubating with 1mL of TNMEN 150 at 4C for 5min with rotation. Following the final 

wash, the resin was resuspended in 20uL 2x SDS loading dye and boiled at 95C for minutes to 

elute proteins. 

 

Western Blotting. Western blotting was performed as described with the following 

modifications
6
. Boiled samples were loaded an SDS/PAGE gel. Proteins were analyzed using 

mouse monoclonal anti-HA antibody (HA11 1:1000 dilution, from Covance, Princeton). 
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Yeast Transformation. The L40-Ura strain of S. cerevisiae was grown in 50mL of YPAD 

media to an O.D. of 0.6 to 0.8. Cells were harvested via centrifugation at 3000g for 5min. Media 

was decanted and cells were washed in 25mL sterile water and centrifuged again. Water was 

decanted and cells were resuspended in 1.0mL 100mM LiAc. Cells were pelleted at max speed 

for 15s and the LiAc was discarded. Cells were resuspended to a final volume of 500uL using 

100mM LiAc and aliquoted into 50 uL samples. 

 A 360 uL transformation mix of 240uL 50%w/v PEG, 36uL 1.0M LiAc, 50uL boiled 

sheared salmon sperm DNA (2.0mg/mL), 1ug of each plasmid to be transformed and water was 

prepared. The transformation mix was added to a 50uL cell aliquot and mixed vigorously. Cell 

mixtures were incubated at 30C for 30min and 42C for 30min with periodic inversion. Cells 

were pelleted via centrifugation at 8000rpm for 15s and resuspended in an appropriate volume of 

water. 200uL cell mixture was plated on selective media. 

 

Yeast Two Hybrid Screen. An autoactivation test was conducted by transforming L40-Ura 

yeast with pVP16 and pBTMknDB:Caf1. Cells were plated on selective minimal media with 

varying concentrations of 3-Amino 1,2,4 Triazole (3AT: 1mM, 5mM, 10mM, 25mM, 50mM, 

100mM). 

 A small scale test screen was conducted by transforming L40-Ura yeast with 

pBTMknDB:Caf1 and the Xenopus Egg cDNA library. The final cell mixture volume was 

increased from 50uL to 5.0mL and the transformation mix was scaled up 10 times with the 

exception of DNA, which stayed at 1ug. Cells were plated on selective minimal media with 

varying concentration of 3AT (Caf1a: 5mM, 7mM, 10mM, 15mM; Caf1b: 10mM, 15mM, 

20mM, 25mM). 

 The transformation for the yeast two hybrid screen was performed as follows. Two 

250mL YPAD cultures of L40-Ura yeast were grown up to an O.D. of 0.6 to 0.8. Cells were 

washed as described above with 10mL water per 50mL cell mixture followed by 8mL 100mM 

LiAc. Before removing LiAc, cells were incubated at 30C for 15min. The 27mL transformation 

mix consisted of 18mL 50%w/v PEG, 2.7mL 1.0M LiAc, 2.75mL boiled sheared salmon sperm 

DNA (2.0mg/mL), 10ug of each plasmid to be transformed and water. Cell mixtures were 

incubated at 30C for 30min and 42C for 1h with periodic inversion. Transformation mix was 

removed by centrifugation at 3000g and cells were resuspended in water (300uL per 150 x 
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10mm selective plate). Cells were plated on selective minimal media (Caf1a 10mM 3AT, Caf1b 

15mM 3AT). 

 Colonies that grew on the selective minimal 3AT media were struck out on to minimal 

media for a secondary β-galactosidase assay. After 1-2 days of growth at 30C, colonies were 

filter lifted with nitrocellulose and freeze thawed 3 times in liquid N2. Lysed cells were incubated 

on Whatman paper saturated with 5mL Z buffer (40mM Na2HPO4, 40mM NaH2PO4, 10mM 

KCl, 1mM MgSO4, 50mM β-mercaptoethanol) and 75uL Xgal. After 30 to 90 minutes, colonies 

were inspected for β-galactosidase activity. 

 Those colonies displaying β-galactosidase activity had their DNA isolated and 

subsequently transformed into DH5α cells for bacterial DNA isolation. Approximately 100ng of 

the DNA was transformed with 1ug of pBTMknDB as described above and plated on minimal 

media to conduct a negative control test. Resulting colonies were screened in the β-galactosidase 

assay for activity. Those that displayed activity were discarded as false positives. All remaining 

colonies were sequenced and blasted at NCBI for identification. 
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Table 2-1. Summary of Yeast 2-Hybrid Screens. 

Percentage Positive is the number of positives divided 

by the total transformants. 

Results 

Yeast Two-Hybrid Screen. 

The total number of transformants for the Caf1a yeast two-hybrid screen was 

approximately 110,000 and the total number of transformants for the Caf1b screen was 

approximately 1.1 million (Refer to Table 2.1). These values are not enough to ensure coverage 

of the entire library by either protein, 

however they still allowed for 

identification of potential 

interactions. The Caf1a screen 

produced 70 colonies on the 3-AT 

selective plates and the Caf1b screen 

produced 219. Following the 

secondary tests, sequencing 

identified 47 positive interactions 

with Caf1a and 82 with Caf1b. Of these, 38 were empty pVP16 vectors (6 with Caf1a, 32 with 

Caf1b). A few notable interactions from the Caf1a screen were: Ccr4, a deadenylase known to 

associate with Caf1 homologs in the Ccr4-Pop2-Not complex
16,18

; BTG domain containing 

proteins (appeared 25 times), which are known to interact with Caf1 homologs
22-24

; and PABP, 

the poly(A) binding protein which is implicated in translational activation
25

. A few notable 

positives from the Caf1b screen were; the same BTG domain containing proteins, eIF3d, a 

subunit of the eIF3 translation initiation factor which is implicated in pre-initiation complex 

formation
26

; and eIF4AII, a subunit of eIF4A which is involved in removing secondary structures 

from mRNA
27

. 
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Figure 2-1. (A) and (B) Caf1a and Caf1b 

interact with eIF3d. Caf1 proteins are 

recombinant MBP fusions. eIF3d was TnT 

translated (Promega). Lanes loaded with 

either 1uL of a TnT reaction or the entire 

elution from the amylose resin. Proteins 

analyzed by western blotting using anti-

HA11 antibody. (C) Caf1a and Caf1b 

interact with eIF4AII. Assay was 

performed as above. 

 

 

 

 

Caf1 interacts with translation initiation factors 

MBP pulldown assays were used to verify the interaction of Caf1b with eIF3d and 

eIF4AII as identified by the yeast two-hybrid system. Due to the similarity of Caf1a and Caf1b, 

interactions between Caf1a and the translation initiation factors was also tested. Caf1a and Caf1b 

interact with eIFd (Figure 2-1A lane 6, Figure 2-1B lanes 3 and 4) independent of RNA (Figure 

2-1A lane 9, Figure 2-1B lanes 7 and 8). The proteins also interact with eIF4AII (Figure 2-1C 

lanes 3,4,5) independent of RNA (Figure 2-1C lanes 7,8,9). Neither interaction can be considered 

direct, as the TnT kits used express the translation initiation factors contain a number of 

endogenous retic proteins. We conclude that both Caf1 proteins associate with eIF3d and 

eIF4AII. 
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Discussion 

 We have identified a number of potential interactions with the X. laevis Pop2 homologs 

Caf1a and Caf1b through the yeast 2-hybrid system. Two of these interactions, eIF4AII and 

eIF3d were confirmed using the MBP pulldown assay. The isolation of Ccr4 from the library 

supports the validity of the screen. As mentioned earlier, Ccr4 is known to interact with Caf1 

homologs in the Ccr4-Pop2-Not complex
16,18

. Whether the X. laevis Caf1 proteins play a role 

identical to yeast Pop2p in the complex, is yet to be seen. 

 The BTG domain containing proteins also serve as a conformation of the screen’s 

validity. A number of them have been shown to interact directly with Caf1 homologs
22,24

. 

However, the predominate BTG protein isolated from the screen, BTG4, has not been previously 

shown to interact with Caf1. BTG proteins are implicated in the regulation of deadenylase 

activity. The extent and mechanism of the regulation is still largely unknown
23

. 

 A cytoplasmic PABP was isolated from the Caf1a screen. PABP binds poly(A) and is 

important in translation initiation and mRNA stability. It has also been suggested that PABP 

plays a role in deadenylation
25

. The details of the potential PABP/Caf1 interaction needs to be 

worked out. It is possible the interaction was through a slew of other proteins. PABP is known to 

interact with BTG proteins as well as translation initiation factors, both of which are implicated 

in interactions with Caf1 as shown by this screen
23,25

. 

 Both of the translation initiation factors isolated from the Caf1b screen are involved in 

the preparation and assembly of a translation preinitiation complex (PIC). eIF4A is part of the 

eIF4F complex, which in combination with eIF4B and eIF4H disassembles secondary structures 

in mRNA to allow eIF4E to bind of the 7-methyl-guanine cap. eIF4E and eIF4A are bridged by 

eIF4G, which is known to interact directly with PABP
27

. 

 eIF3 is the scaffold responsible for the PIC assembly. It stimulates the assembly of the 

met-tRNAi, GTP, eIF2 ternary complex as well as the binding of the ternary complex to the 40S 

subunit of the ribosome
26

. eIF3 is known to interact with the 40s subunit and make contacts with 

eIF4G and eIF4B
27

. The subunit of eIF3 isolated from the screen, eIF3d, has RNA binding 

activity
26

. 

Recent data (Amy Cooke, not shown) suggests the interaction of the X. laevis Caf1 

proteins with eIF3d is direct. This suggests the mechanism of action of tethered Caf1 may be 

mediated by interaction with eIF3d. Two models bear discussion. Each views Caf1 as interfering 
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with a positive-acting activity of eIF3d in promoting initiation. First, Caf1 could interfere with 

the interaction of eIF3 and the mRNA, though the biological importance of this activity is 

unclear
26

. Second, Caf1 may interfere with the interaction between eIF3 and the 40S subunit. 

The eIF3d subunit had been implicated in this interaction in mammalian cells, however the 

interaction is not well chacaterized
26

. 

Deciding which of these mechanisms, if any, is accurate will require extensive study of 

the proteins that interact with Caf1. In addition, further knowledge of how eIF3 binds the 40S 

subunit and recruits mRNA would aid in elucidating Caf1’s deadenylation independent 

mechanism of repression. 
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Figure I-1. (A) Both halves and mutant Caf1b interact with eIF3d. Assay was 

performed as in Figure 2-1A. (B) Both halves of Caf1b interact with eIF4AII. 

Mutant Caf1b appears not to. Assay was performed as in Figure 2-1A. 

Appendix I: Incomplete Experiments 

 

 

 

 

 

 

 

 

 

Interacting segment of Caf1. 

To elucidate which segment of Caf1 interacts with eIF3d and eIF4AII, MBP pulldown 

assays were performed using truncations of Caf1b as well as the catalytically inactive mutant. 

The N terminal segment is AA 1 to 145, the C terminal segment is AA 146 to 289, and the 

catalytically inactive mutant is a DE to AA substitution (described in ref 7). Both segments of 

Caf1b (Figure IA, lanes 3 and 4) as well as the mutant interact with eIF3d independent of RNA 

(lane 5). The interaction with mutant Caf1b appears to be less than that of the truncations, 

however this has not been confirmed by subsequent trials of the experiment (lanes 3 and 4 vs 5). 

 The N terminal and C terminal segments of Caf1b interact with eIF4AII independent of 

RNA (Figure IB, lanes 4 and 5), however it appears the Caf1b mutant does not (lane 6). This 

result has not been confirmed by repeating the experiment. It was noted in the experimental notes 

that the resin for the reaction in lane 6 may have been lost during washing. The logical next step 

is to repeat this experiment taking care not to lose the resin, so an accurate conclusion can be 

drawn from the data. 
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Appendix II: Yeast 2-Hybrid Interactions 
 

Table II-1. Caf1a Yeast 2-Hybrid Interactions. Identification based on BLAST of protein 

sequences at NCBI. DNA from DH5α preps can be found in the box “Caf1a Y2H Archive.” 

Sequencing files can be found on the Wickens’ Group server in the folder 

Andrew Prigge/Sequences/Sequence Files/Y2H/Caf1a Y2H Positives. Note: Duplicate DNA can 

be found in the box labeled Caf1a Y2H Duplicates. Information on the duplicates can be found 

in the file “C7 Y2H Positives Master List” in the folder Andrew Prigge/Y2H Data. 

 

Name Description 
Number of 

Occurrences 
Designation 

Sequence File 

Location 

X. laevis poly(A) 

binding protein 

cytoplasmic 1 (pabpc1) 1 B17 Folder 1 

Files E9, F9 

X. laevis hypothetical 

protein MGC81488 

cnot6l-a; Ccr4 1 B13 Folder 1 

Files E6, F6 

X. laevis eukaryotic 

translation initiation 

factor 3, subunit 6 

interacting protein 

(eif3s6ip) 

PAF67 Domain: RNA 

polymerase I is a multisubunit 

enzyme and its transcription 

competence is dependent on the 

presence of PAF67 

1 B20 Folder 1 

Files E20, F20 

X. laevis Tob2 BTG Protein 1 A5 Folder 1 

Files A5, B5 

X.laevis maternal 

B9.15 protein 

BTG Protein 22 A1 Folder 1 

Files A1, B1 

X. laevis maternal 

B9.10 protein 

BTG Protein 2 A8 Folder 1 

Files A8, B8 

X. tropicalis protein 

phosphatase 2, 

regulatory subunit B 

(B56), epsilon isoform 

(ppp2r5e) 

Subunit that accounts for its 

diversity of substrates 

1 B15 Folder 1 

File E7, F7 

X. laevis hypothetical 

protein MGC85151 

TRX Domain: Control redox 

state of target proteins (disulfide 

bonds). Known to regulate 

transcription factors and 

enzymes 

1 A12 Folder 1 

Files A12, B12 

X. laevis SOX3 protein DNA binding Domain (SOX) 1 B32 Folder 1 

Files G2, H2 

X. laevis geminin L Inhibits DNA replication 1 B34 Folder 1 

Files G3, H3 

X. laevis hypothetical 

protein MGC115518 

RNA Pol elongation factor 1 B45 Folder 1 

File G11, H11 
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X. laevis hypothetical 

protein MGC52856 

Sm-Like Domain: Proteins that 

associate with RNA to form core 

domains of ribonucleoprotein 

particles involved in a variety of 

RNA processing events: 

splicing, telomere replication, 

mRNA degradation 

1 B47 Folder 1 

Files G12, H12 

M. musculus 

centromere protein J 

T-complex protein important in 

chromosomal segregation 

1 B42 Folder 1 

Files G8, H8 

X. laevis hypothetical 

LOC494821 

Complex1_LYR Family: NADH 

complex protein 

1 B5 Folder 1 

Files E1, F1 

H. sapiens translocase 

of inner mitochondrial 

membrane 8 homolog 

A  

Nuclear gene encoding 

mitochondrial protein, transcript 

variant 1; Mitochondrial import 

protein 

1 B38 Folder 1 

Files G5, H5 

X. laevis B-cell 

translocation protein 

Transmembrane Protein 1 A3 Folder 1 

Files A3, B3 

X. laevis hypothetical 

protein MGC53849 

Tmemb-18A Domain: 

transmembrane protein 

1 A14 Folder 1 

Files C2, D2 

X. laevis claudin Transmembrane tight junction 

protein 

1 B41 Folder 1 

Files G7, H7 

X. laevis mitotic 

phosphoprotein 140 

mRNA 

Unknown Function 1 B39 Folder 1 

File G6, H6 

Empty Vector pVP16 6 A22 Folder 1 

Files C8, D8 
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Table II-2. Caf1b Yeast 2-Hybrid Interactions. Identification based on BLAST of protein 

sequences at NCBI. DNA from DH5α preps can be found in the box “Caf1b Y2H Archive.” 

Sequencing files can be found on the Wickens’ Group server in the folder 

Andrew Prigge/Sequences/Sequence Files/Y2H/Caf1b Y2H Positives. Note: Duplicate DNA can 

be found in the box labeled Caf1b Y2H Duplicates. Information on the duplicates can be found 

in the file “C8 Y2H Positives Master List” in the folder Andrew Prigge/Y2H Data. 

 

Name Description 
Number of 

Occurrences 
Designation 

Sequence File 

Location 

X. laevis eukaryotic 

translation initiation 

factor 3, subunit 7 

(eIF3d) 

eIF3 is the scaffold onto which 

the pre-initiation complex is 

assembled 

1 A30 Folder 1 

Files A5, D7 

X. laevis translation 

initiation factor eIF4A 

II 

eIF4A is a helicase thought to 

removed secondary structures in 

mRNA 

1 C41 Folder 1 

Files H1, 17 

X. laevis mRNA for 

maternal B9.15 protein 

BTG protein 2 C32 Folder 1 

Files G11, 15 

X. laevis hypothetical 

protein LOC100137619 

BTG protein 1 A39 Folder 1 

Files A9, D11 

X. laevis maternal 

B9.10 protein 

BTG protein 1 C1 Folder 1 

Files C10, F12 

X. laevis cold inducible 

RNA-binding protein 

(cirbp) 

RPM domain: RNA/DNA 

binding domain often found in 

splicing factors 

PABP domain 

CC-1 like splicing factor domain 

1 E9 Folder 1 

Files 8, 36 

X. laevis MGC80893 

protein 

RPM domain: RNA/DNA 

binding domain often found in 

splicing factors 

PABP domain 

CC-1 like splicing factor domain 

1 E7 Folder 1 

Files 6, 34 

X. laevis cold-inducible 

RNA binding protein 2 

(xcirp2) 

RPM domain: RNA/DNA 

binding domain often found in 

splicing factors 

PABP domain 

CC-1 like splicing factor domain 

2 D19 Folder 1 

Files H10, 26 

X. laevis heterogeneous 

nuclear 

ribonucleoprotein A0 

(hnrpa0) 

RPM domain: RNA/DNA 

binding domain often found in 

splicing factors 

PABP domain 

CC-1 like splicing factor domain 

1 B46 Folder 1 

Files C8, F10 

X. laevis cytoplasmic 

protein, with a coiled 

coil-4 domain 

Predicted RNA-binding protein 

homologous to eukaryotic 

snRNP 

1 C4 Folder 1 

Files C11, G1 
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X. laevis protein kinase cAMP-dependent, type I, Alpha 1 C29 Folder 1 

Files G9, 13 

X. laevis protein 

phosphatase 1-γ 1 

Catalytic domain of a Ser/Thr 

phosphatase 

1 B2 Folder 1 

Files B3, E5 

X. laevis cyclin G1 Involved in cell cycle regulation 1 C49 Folder 1 

Files H5, 21 

X. laevis guanine 

nucleotide binding 

protein, alpha 11 

G-Protein Ras-Like Super family 

(binds GTP) 

1 A20 Folder 1 

Files A4, D6 

X. laevis SOX3 protein DNA binding domain 1 A50 Folder 1 

Files A12, E2 

X. laevis TEF-1 TEA superfamily: DNA binding 

domain 

1 B17 Folder 1 

B10, E12 

X. tropicalis 

transcription factor 20 

(AR1) 

No punitive domains found in 

blast 

1 D3 Folder 1 

Files H8, 24 

X. laevis enhancer of 

rudimentary 

homologue ERH 

Enhancer of rudimentary is a 

protein of unknown function that 

is highly conserved in plants and 

animals. 

1 B19 Folder 1 

Files B11, F1 

X. laevis hypothetical 

protein LOC445836 

PAP central domain, DNA pol 

sigma domain, (TRF4), 

Nucleotidyl transferase domain 

1 B26 Folder 1 

Files C3, F5 

X. laevis hypothetical 

protein LOC443620, 

mRNA 

Topoisomerase II-associated 

protein PAT1: Members of this 

family are necessary for accurate 

chromosome transmission during 

cell division 

1 C9 Folder 1 

Files C12, G2 

X. laevis APEX 

nuclease 

(apurinic/apyrimidinic 

endonuclease) 2  

Endonuclease/Exonuclease/ 

phosphatase family. This family 

is often involved in cell 

signaling 

1 C46 Folder 1 

Files H3, 19 

X. laevis MGC82673 

protein 

Uracil DNA glycosylase 

superfamily 

1 D33 Folder 1 

Files H12, 28 

X. laevis centromere 

protein M 

No punitive domains 1 D18 Folder 1 

Files H9, 25 

X. laevis MGC81703 

protein 

SMC family: Chromosomal 

segregation proteins 

1 C20 Folder 3 

Files 11, 12 

X. laevis structural 

maintenance of 

chromosomes protein 3 

SMC family: Chromosomal 

segregation proteins 

1 A19 Folder 1 

Files A3, D5 
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C. familiaris RNA 

pseudouridylate 

synthase domain 

containing 2 

pseudoU_synth_ScRIB2_like: 

Two catalytic functions; RNA 

psi-synthase which makes psi32 

on cytoplasmic tRNAs and RAP 

deaminase activity which is 

important in riboflavin 

biosynthesis 

1 C27 Folder 1 

Files G8, 12 

X. laevis glutamine 

synthetase 

Glutamate + ATP + NH3 → 

Glutamine + ADP + phosphate + 

H2O 

1 C51 Folder 1 

H6, 22 

X. laevis ODC mRNA 

for ornithine 

decarboxylase 

Pyridoxal-dependent 

decarboxylase with a C-terminal 

sheet domain 

1 C15 Folder 1 

Files G6, 10 

M. musculus starch 

binding domain 1 

(Stbd1) 

CMB20 Starch binding motif: 

Found in enzymes involved in 

starch breakdown and proteins 

involved in regulation of 

glycogen breakdown 

1 D44 Folder 3 

Files 13, 14 

H. sapiens insulin-

degrading enzyme 

Peptidase family M16: 

Insulinase 

 

1 E6 Folder 1 

Files 5, 33 

X. laevis ubiquitin-

conjugating enzyme E2 

UBC catalytic domain that aids 

in Ubiquitining proteins for 

degradation 

1 A48 Folder 1 

Files A11, E1 

X. laevis hypothetical 

protein MGC154858 

Iron Sulfur Protein of the bc1 

complex (ETC) 

1 A40 Folder 1 

Files A10, D12 

X. laevis claudin4L1 Tight Junction Protein 1 B11 Folder 1 

Files B6, E8 

X. laevis hypothetical 

protein LOC445835 

MFS Super Family – Transport 

across membranes 

1 B24 Folder 3 

Files 5, 6 

X. laevis hypothetical 

protein MGC115498 

Rossmann-fold 

NAD(P)H/NAD(P) binding 

(NADB) domain: often found in 

Dehydrogenases 

1 C14 Folder 1 

Files G5, 9 

X. laevis Tsukushi-B1 COG Leucine rich domain: 

unknown function 

1 A51 Folder 1 

Files B1, E3 

X. laevis MGC82578 

protein 

Dox/Surf4 Domains: Function 

Unknown 

1 B13 Folder 1 

Files B7, E9  

X. laevis hypothetical 

protein LOC733277 

Protein blast returned no known 

domains 

1 C26 Folder 1 

Files G7, 11 

X. laevis zinc finger 

protein 395 (znf395) 

Protein blast returned no known 

domains 

1 E5 Folder 1 

Files 4, 32 

X.laevis 28S ribosomal 

RNA  

Gene for 28S rRNA 1 B22 Folder 1 

Files C1, F3 

X. laevis 18S ribosomal 

RNA 

Gene for 18S rRNA 3 A11 Folder 1 

A1, D3 
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Empty Vector pVP16 32 A6 Folder 3 

33, 34 
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