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  Abstract 

Title of Thesis: CPSF30: A Zinc Finger Protein With An Iron-Sulfur Site 

Kanisha Aralaguppe Sureshchandra:    Master of Science, 2015 

Thesis Advisor:                                      Dr. Sarah L.J. Michel 

                                                               Associate Professor 

                                                               Graduate Program Director 

                                                               (PhD Pharmaceutical Sciences Program) 

                                                               Department of Pharmaceutical Sciences 

                                                               University of Maryland 

                                                               Baltimore, MD 21201. 

Zinc finger proteins (ZF’s) are a class of proteins that utilize zinc for structural 

purposes. These metalloregulatory proteins perform a variety of functions ranging from 

the modulation of gene expression through interactions with DNA and RNA to mediating 

protein-protein interactions. ZF’-s are characterized by the presence of one or more 

domains that contain a combination of four cysteines and/or histidine residues that serve 

as ligands to coordinate zinc. Coordination of zinc to the ligands cause the ZF domain to 

fold into a three-- dimensional structure and become functional. Based on the number of 

cysteines and histidine residues in the ZF domains, it is classified as either a classical or a 

non-classical ZF. Within the non-classical ZF’s, there are 14 distinct classes. One of the 

classes of non-classical ZF’s is the Cys3His class. The first protein of this class to be 

identified was tristetraprolin (TTP), which contains two Cys3His domains (CCCH). 

Cleavage Polyadenylation Specificity Factor (CPSF30) is another member of this class of 

protein. The biological role of CPSF30 is to regulate pre-mRNA processing during 

polyadenylation. CPSF30 contains five repeats of three cysteines and one histidine 

residues (CCCH) and is annotated as a zinc finger in protein databases. Our lab has 

overexpressed a construct of CPSF30 that contains the five CCCH domains and utilized a 



combination of inductively coupled plasma spectroscopy, X-ray absorption spectroscopy 

and UV-visible spectroscopy to identify the zinc sites and zinc stoichiometry. We have 

obtained evidence for zinc coordination, as expected, but with stoichiometry ranging 

from 2-4 zinc ions, rather than the predicted 5. Instead, the fifth site houses an 

unexpected 2Fe-2S cluster co-factor. To identify where the 2Fe-2S site is located relative 

to the Zn sites, I have investigated two mutants – one in which the CCCH domain of the 

first ZF was mutated to all alanine residues and one in which the CCCH domains of the 

second ZF was mutated to all alanine’s. Data regarding the effects of the mutations on 

metallation and RNA binding is presented. 
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(I) Introduction and Background 

 

Zinc is one of the key elements in life, found in organisms ranging from 

unicellular bacteria to humans. The Human genome is known to encode approximately 

3000 zinc proteins and a significant role of zinc in biology is to stabilize protein structure 

(1, 2). Zinc-binding sites in proteins are detected from advanced structural biology, 

protein databases, analytical and structural chemistry.   

       Zinc finger proteins (ZF) are a large family of proteins that can be classified into 

evolutionary and functionally divergent proteins (3). ZFs are one of the most abundant 

proteins in eukaryotic genomes. They are composed of small domains organized in a 

strategic manner to bind metal ions (usually zinc) (4-11). Their diversified functions 

include DNA recognition, RNA packaging, regulation of apoptosis, transcriptional 

activation, protein folding and assembly and lipid binding. These metalloregulatory 

proteins function in gene expression at DNA, RNA and protein levels. Upon metal 

binding to the proteins, ZF’s undergo a conformational change which allows the protein 

to recognize and bind to specific DNA, RNA or protein targets (4, 12). Reports have 

estimated that at least 3% of the coding proteins in the human genome are ZFs. Therefore 

they are critically important to eukaryotic transcription and translation (13, 14). 

       A salient feature of all ZF proteins is the presence of cysteine and/or histidine 

residues that act as ligands to co-ordinate zinc ions in a tetrahedral geometry. Zinc 

coordination results in the ZF domain folding into a three-dimensional structure (15, 16) 

(Figure 1).  
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Figure 1: Structure of a single Zinc Finger- from the Xenopus protein Xfin, a classical 

zinc finger protein made up of anti-parallel beta sheets and an alpha helix with a zinc 

metal bound to two cysteines and two histidines. 

Figure created in PyMol (PDB: 1ZNF)  
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Upon folding, the ZF domains become functional (e.g. recognize and bind to DNA, RNA 

or protein targets). In the absence of Zn (apo), the domains remain unfolded and are non-

functional (11, 15-19).  ZF domains are modular in nature thus they can fold around Zn 

and function independently of the entire Zn finger protein. As a result, truncated peptides 

that correspond to a specific ZF domain which fold upon the addition of zinc, can be 

prepared (9, 11, 15, 20, and 21). The ease with which ZF’s can be manipulated, compared 

to other traditional metalloproteins makes them ideal models for studying fundamental 

biophysical questions in areas such as relationship between metal binding and protein 

folding (22-25). 

     TFIIIA (Transcription Factor 3A) from Xenopus laevis was the first Zn finger to be 

discovered twenty years ago (26). Upon purification, it was noted that zinc ions were 

associated with TFIIIA, which suggested that TFIIIA contained zinc-binding domains. 

Further amino acid sequence analysis revealed that TFIIIA contains 9 repetitive 

sequences of Cysteine and Histidine residues that are involved in binding 9 zinc ions 

(26). Each sequence is composed of 30 amino acids with a conserved- CXaCXbHXcH 

motif which was later named the Cys2His2 ‘Classical’ ZF domain (20, 26-29). In the 

classical ZF’s, non-zinc coordinating amino acids within each domain interact directly 

with nucleic acids, akin to the fingers of a hand gripping a rod. Hence the name “Zinc 

Fingers” (1). 

     Since the initial identification of the classical ZF, at least 14 additional classes of ZF 

proteins have been identified (20). Each class differs in the arrangement of zinc binding 

residues, the ligand set (e.g. number of cysteine and/or histidine’s), the spacing (number 

of amino acids between each Cys and His) and/or the protein function (3, 4, 20).  Among 
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the 14 classes of the ZF’s, the best studied class of proteins are the classical Cys2His2 

class with a CysX2-5CysX12-13HisX3-5 His (where X is any amino acid), including TFIIIA 

(30-32). ZF’s adopt an alpha helical/beta sheet confirmation on binding zinc (33, 34). The 

DNA/protein binding interactions for Classical Zinc Fingers (CFZ’s) involves sequences 

specific hydrogen-bonding interactions between amino acid side chains and target bases 

(35, 36). 

The thirteen remaining classes of ZF’s are known as “non-classical Zinc Fingers” 

(NcZF’s) (20). Non-classical ZF’s differ from the classical ZF’s in the ligand set involved 

in zinc co-ordination, the number of cysteines and histidine ligands, and the 

macromolecular targets i.e. the DNA, RNA or protein (20, 21,37). They have not been 

studied to a large extent. Previous studies have shown the structure of NcZF’s differ from 

the CZF’s dramatically. Some are highly structured composed of significant alpha-helical 

and beta sheet structures while others lack a well-defined secondary structure, mostly 

composed of loops and turns when folded around zinc. 

     The non-classical ZF that I will be focusing on for my research project is a member of 

the Cys3His (or CCCH) family.  This class of ZF proteins contain domains with the 

sequence CysX7-10CysX4-5CysX3His (38-42). Tristetraprolin (TTP), found in higher 

eukaryotes is the best studied member of this family (43, 44).  It contains two Cys3His ZF 

domains. TTP is known to be involved in RNA regulation, specifically regulating 

mRNA’s involved in inflammation by controlling cytokine levels as well as several other 

enzymes (cyclooxygenase, nitric oxide synthase) (13,20,41,44,45). The specific 

mechanism of regulation of TTP, generally found in the cytoplasm, involves binding of 

two ZF domains of TTP directly to Adenine and Uracil-rich element (ARE) sequences 
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located at the 3’-untranslated region (UTR) end of the mRNA targets (46-48). The two 

CCCH zinc binding domains are responsible for the recognition of the mRNAs, upon the 

binding of TTP to it, destabilizes the mRNA by deadenylation and targets it for 

degradation (49, 50). 

          I studied the homolog of TTP, called Cleavage Polyadenylation Specificity Factor 

30 (CPSF30). CPSF30 contains two types of ZF’s, five CCCH domains and a carboxy-

terminal CCHC or ‘zinc knuckle’ domains (20). Mammalian CPSF30’s generally have 

five CCCH domains and one CCHC knuckle domain. Unlike TTP, the metal binding 

domains and RNA targets of CPSF30, all five CCCH domains within the sequence, along 

with the singular CCHC domain are annotated as ZF’s, but experimental data supporting 

this annotation is lacking. CPSF30’s biological role is to regulate pre- mRNA processing 

during polyadenylation (20) (Figure 2).  

 

 

Figure 2: Function of CPSF30- Diagram showing the role of CPSF30 in pre-mRNA 

processing. CPSF30 is involved in the step of polyadenylation; however, its exact role is 

unresolved. 
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CPSF30 was initially studied in Drosophila, where the protein is named CLP and was 

subsequently identified in multiple eukaryotes (Sacchromyces cerevisiae, Arabidopsis 

thaliana, Homo sapiens, Danio rerio, etc). Depending on the organism, the number of 

CCCH domains varies. The Arabidopsis homolog contains three CCCH domains whereas 

the Drosophila homolog has five CCCH domains and two CCHC domains (50-53). CPSF 

is part of a larger complex of CPSF proteins (Figure 3).  

 

 

Figure 3: CPSF protein complex- Cartoon diagram of the 6 proteins that make up the 

CPSF complex associating with pre-mRNA. The protein that directly binds to the AU-

rich hexamer is thought to be CPSF30. 

The others are named CPSF100, CPSF70 and CPSF160 (20, 54, 55). All are critically 

important for pre-mRNA processing, yet their specific functions are unresolved. Among 

the proteins that make up the CPSF complex, CPSF 160 and CPSF 30 were shown to 

associate with the polyadenylation signal, AAUAAA (56).  CPSF 30 is of particular 

interest as it is known to be a potential drug target site for influenza a virus via a protein-

protein interaction (57, 58). We have been focusing on the Bos taurus homolog of the 
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CPSF30 which contains 5Cys3His domains and one Cys2HisCys domains also known as 

‘Zinc Knuckle’ (20, 59). Preliminary data shows that within the 5CCCH domains of 

CPSF30, there is an unexpected 2Fe-2S site in addition to zinc sites and that the CCCH 

domains bind to AU-rich sequences. Which CCCH site bind Fe-S versus Zn is not 

understood (Figure 4).  

 

 

Figure 4: Proposed position of mutations- Cartoon diagram of each CPSF30. To identify 

where the Fe-S and Zn ions bind, mutagenesis of each ZF domain, indicated by  is 

proposed. 
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In order to identify these sites, I systematically mutated the zinc finger site 1 and 2 and 

determined the effect of the mutation on metal occupancy, stoichiometry and RNA 

recognition (60-62) (Figure 5, 6). 
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Figure 5: Mutation of the first ZF domain of CPSF30- The amino acid sequence of the 

ZF1 CPSF30 mutant. The four metal coordinating ligands in ZF1 were modified to 

alanine’s (highlighted in red) and the remaining ZF domains are shown with their 

coordinating cysteine and histidine amino acids highlighted in blue. 

 

 

 

 

 

 

 

 

 

CPSF30-Bovine

1
st
 ZF:    GAAVAEFFLKAA-AGKGGMAPFRAISGE 

2
nd
 ZF:    KTVVCKHWLRGL-CKKGDQCEFLHEYDMT

3
rd
 ZF:    KMPECYFYSKFG-ECSNKECPFLHIDPES

4
th
 ZF:    KIKDCPWYDRGF-CKHGPLCRHRHTRRVI

5
th
 ZF:        CVNYLVGF-CPEGPSCKFMHPRFE 
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Figure 6: Mutation of the second ZF domain of CPSF30-The amino acid sequence of the 

ZF2 CPSF30 mutant. The four metal coordinating ligands in ZF2 were modified to 

alanine’s (highlighted in red) and the remaining ZF domains are shown with their 

coordinating cysteine and histidine amino acids highlighted in blue. 
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Preliminary Studies 

Previous work in our laboratory showed when CPSF30 was over-expressed under several 

conditions, including as a maltose binding fusion protein partner (also termed as an 

affinity tag) it was found to be the most soluble in this form (63, 64). Overexpression and 

purification of CPSF30 (both with this tag and without this tag, resulted in the isolation of 

a protein that had a reddish tinge (Figure 7). When characterized by UV-visible 

spectroscopy, absorbance bands between 400-580 nm, with peaks at 420, 456 and 583 

were observed in addition to the predicted 220 and 280 nm bands. Absorbance bands at 

this higher wavelength are indicative of iron coordination (65); specifically the presence 

of an iron-sulfur cluster in particular (Figure 8). To further analyze the metal sites in the 

protein, Inductively Coupled Plasma spectrometry (ICP MS), which allow for metal ions 

to be quantified, was performed (66).  CPSF30 was found to contain 3.78 ± 0.02 zinc ions 

and 0.48 ± 0.01 iron ions per protein monomer, indicating that the protein has one iron 

site and four zinc sites that occupy its five potential metal binding sites (12). Size 

exclusion chromatography was performed to determine the oligomerization state of 

CPSF30. CPSF30 was found to be a monomer (12).  
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Figure 7: Photograph of CPSF30 after purification. The protein has a reddish color, 

suggesting the presence of iron. 
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Figure 8: UV-Visible spectroscopy of CPSF30- The UV-visible spectrum of CPSF30 

(shown in blue) and apo CPSF30 (shown in green). The measurements were carried out 

in a 20 mM TRIS and 200mM NaCl buffer, at pH 7.5. Apo-CPSF30 was prepared by 

treating CPSF30 with EDTA in the presence of DDT followed by extensive dialysis. 
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The iron and zinc coordination, oxidation state and geometry- at the sites was determined 

by X-Ray Absorption Spectroscopy (XAS) in collaboration with Dr.Timothy Stemmler’s 

laboratory at Wayne State University (12). The results of these experiments revealed that 

the, the iron site is a 2Fe-2S cluster and the zinc site is a tetrahedral zinc site. RNA 

binding studies by fluorescence anisotropy (FA), for measuring the high affinity protein 

nucleic acid interactions, was used to characterize the CPSF30/RNA binding event 

(67,68) by Dr. Jamie Michalek and Mr. Geoffrey Shimberg (Michel lab)(12). These 

studies determined that CPSF30 binds to the pre-mRNA AU-rich hexamer via a 

cooperative binding mechanism and with sequence selectivity (Figure 9). Together, these 

studies indicated that the protein contains both iron and zinc and that it binds to RNA 

with sequence selectivity. The goal of my project was to determine where the iron sulfur 

site and zinc sites are located. My strategy involved mutagenesis and I focused on the 

first and second ZF domains.  
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Figure 9:  RNA binding of CPSF30- Fluorescence anisotropy monitored titration of 

CPSF30 with RNA (20mM TRIS and 50mM NaCl, at pH 7). Four RNA sequences were 

evaluated: 

Alpha synclein 24; CACUUUAAUAAUAAAAAUCAUGCU-Fluorescein (blue), 

GU-Rich CCAGAAGUGUGUUUUGGUAUGCAC (green),  

Poly U UUUUUUUUUUUUUUUUUUUUUUU (brown) and  

Poly C CACUUUAAUCCCCCCAAUCAUGCU (Pink)  

The data are fit to a cooperative binding model.  
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(II) Hypothesis 

 

My hypothesis is that the first CCCH domain of CPSF30 is the site of the 2Fe-2S cluster.  

This hypothesis is based upon our understanding of 2Fe-2S clusters in biology, in many 

instances is found near the N-terminus (77, 78, 79). 
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(III) Objectives 

 

1) To determine the metal occupancy of the 5CCCH domains of CPSF30. 

2) To characterize the RNA binding properties of the CPSF30 mutants. 
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(IV) Materials and Methods 

 

a) Metal Loading of CPSF30  

 

Molecular cloning, protein preparation and purification 

The cDNA of Bos taurus encoding CPSF30 homolog was a generous gift of Professor 

Walter Keller, University of Basel, Switzerland Basel. DNA encoding the 5 CCCH 

domains of CPSF30 was cloned into the pMAL-c5e plasmid (New England Biolabs) 

utilizing the NdeI and BamHI restriction sites. The DNA sequence of the 5 Cys3His 

domains of CPSF30 was fused with a maltose binding protein at the N-terminal and the 

MBP-CPSF30 sequence was verified by the Biopolymer-Genomics Core facility at the 

University of Maryland, Baltimore.  

Protein overexpression:  CPSF30 cloned into the pMAL-c5e plasmid was transformed 

into the chemically competent E.coli cell line, BL21-DE3 (Invitrogen) via heat-shock.  

Cultures were grown on LB-Agar (Sigma) plates containing 100 µg/mL Ampicillin 

(Sigma) at 37oC. A single-colony was picked and inoculated in 50 mL of LB Luria broth 

(American Bioanalytical Inc.) containing 100 µg/mL Ampicillin at 37°C with shaking, 

overnight. Overnight cultures were used to inoculate 1L of LB containing 100 µg/mL 

Ampicillin (1mL). Cell cultures were grown at 37°C until they reach an optical density of 

0.5-0.6 at 600nm (OD600), where protein expression was initiated with 1M IPTG 

(Research Products International Corp.). Cell culture media was supplemented with 

variant concentrations of ferric chloride and zinc chloride and sodium sulphide (Sigma) 

(until the required stoichiometry was obtained) at O.D. 0.3. CPSF30 protein expression 

was allowed to continue for 3 hours post-induction at 37°C, followed by pelleting the 
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cells at 7,800 x g, 4°C for 15 minutes (Beckman-Coulter Avanti J-20 XPI). Cell pellets 

were be stored at -20°C for up to two weeks. 

Purification of the protein: CPSF30 was purified using affinity chromatography in 

anaerobic conditions. The cell pellet-  from the 1L culture was re-suspended in 25 mLs  

20 mM Tris 200 mM sodium chloride, pH 7.5 followed by cell lysis via sonication 

(Fisher Sonic Dismembrator 100). An amylose column was utilized according to the 

manufacturer’s instructions (New England Biolabs). The buffering system used for the 

gravity column was kept constant with the lysis buffer and was degassed prior to 

purification. Post column purification, purity and molecular mass was verified using 

SDS-PAGE. CPSF30 has a calculated molecular mass of 56.515 kDa (Scripps Protein 

Calculator v3.3) and the original sequence of CPSF30 is: 

“MDKSGAAVCEFFLKAACGKGGMCPFRHISGEKTVVCKHWLRGLCKKGDQCEF

LHEYDMTKMPECYFYSKFGECSNKECPFLHIDPESKIKDCPWYDRGFCKHGPLC

RHRHTRRVICVNYLVGFCPEGPSCKFMHPRFE.”  It is seen that, after one 

purification step CPSF30 is estimated to be >99% pure. Pure CPSF30 was then dialyzed 

into 20 mM Tris 200 mM sodium chloride pH 7.0 for 3 hours in a cold room. 

Concentration of CPSF30: The dialyzed protein was then concentrated using centrifugal 

filters (Amicon), centrifuged at 4000xg at 4oC for 20 minutes (Beckman-Coulter Avanti 

Allegra X-15R) followed by quantitation.  

Quantitation of CPSF30: Following purification, the concentration of CPSF30 was 

determined using UV-visible spectroscopy. CPSF30 has a calculated molar absorptivity 

of 85,400 M-1cm-1 (Scripps Protein Calculator v3.3). The concentration of CPSF30 was 
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calculated using the absorbance at 278 nm (lambda maximum) and applying Beer’s law. 

All quantitations were carried out in 20 mM Tris, 200 mM sodium chloride at pH 7.5 

The above protocol was repeated for 6 different setups consisting of a set of zinc and iron 

ratios and one setup with no metal in order to determine the best metal loading in 

anaerobic conditions. 

Inductively coupled plasma mass spectrometry of CPSF30 

1 µM samples of CPSF30 were prepared in 2% trace metal grade nitric acid (HNO3; 

Fisher). An internal standard (250 ppb scandium, 25 ppb germanium and 25 ppb indium; 

VHG labs) was added to ensure accuracy. A series of iron and zinc containing standard 

dilutions were made in order to generate a standard calibration curve to determine 

concentration of metals we are looking at i.e. iron and zinc. ICP-MS data was recorded 

using an Agilent 7700 x ICP-MS instrument.  

b) Mutant Studies of CPSF30 

 

Mutants, zinc finger domain 1 and zinc finger domain 2 in which each CCCH site is 

changed to AAAA (Alanine) respectively and inserted into pMal-c5E vector. The mutant 

sequences were obtained from Genscript in aliquots of 4uLs. These were the following 

sequences of mutants obtained. 

ZF-1 Mutant of CPSF30: 

“MDKSGAAVAEFFLKAAAGKGGMAPFRAISGEKTVVCKHWLRGLCKKGDQCEF

LHEYDMTKMPECYFYSKFGECSNKECPFLHIDPESKIKDCPWYDRGFCKHGPLC

RHRHTRRVICVNYLVGFCPEGPSCKFMHPRFE.” 
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ZF-2 Mutant of CPSF30: 

“MDKSGAAVCEFFLKAACGKGGMCPFRHISGEKTVVAKHWLRGLAKKGDQ 

AEFLAEYDMTKMPECYFYSKFGECSNKECPFLHIDPESKIKDCPWYDRGFCKHG

PLCRHRHTRRVICVNYLVGFCPEGPSCKFMHPRFE.” Transformation of the plasmid 

was carried out using chemically competent E.coli cell line, BL21-DE3 (Invitrogen) via 

heat-shock.  Cultures were grown on LB-Agar (Sigma) plates containing 100 µg/mL 

Ampicillin (Sigma) at 37oC. A single-colony was picked and inoculated in 50 mL of LB 

Luria broth (American Bioanalytical Inc.) containing 100 µg/mL Ampicillin at 37°C with 

shaking, overnight. Overnight cultures were used to inoculate 1L of LB containing 100 

µg/mL Ampicillin (1mL). Cell cultures were grown at 37°C until they reach an optical 

density of 0.5-0.6 at 600nm (OD600), where protein expression was initiated with 1M 

IPTG (Research Products International Corp.). Cell culture media was supplemented with 

100μM zinc chloride (Sigma) at O.D. 0.3. CPSF30 protein expression was allowed to 

continue for 3 hours post-induction at 37°C, followed by pelleting the cells at 7,800 x g, 

4°C for 15 minutes (Beckman-Coulter Avanti J-20 XPI). Cell pellets were stored at -

20°C for up to two weeks. 

Purification of the mutants: CPSF30 mutants was purified using affinity 

chromatography. A 1L cell pellet was re-suspended in 25 mLs  20 mM Tris 200 mM 

sodium chloride, pH 7.5 followed by cell lysis via sonication (Fisher Sonic Dismembrator 

100). An amylose column was utilized according to the manufacturer’s instructions (New 

England Biolabs). The buffering system used for the gravity column was kept constant 

with the lysis buffer. Post column purification, purity and molecular mass was verified 
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using SDS-PAGE. Pure CPSF30 mutants was then dialyzed into 20 mM Tris 200 mM 

sodium chloride pH 7.0 for 3 hours in a cold room. 

Concentration of CPSF30 mutants: The dialyzed protein was then concentrated using 

centrifugal filters (Amicon), centrifuged at 4000xg at 4oC for 20 minutes (Beckman-

Coulter Avanti Allegra X-15R) followed by quantitation.  

Inductively coupled plasma mass spectrometry of CPSF30 mutants 

1 µM samples of CPSF30 were prepared in 2% trace metal grade nitric acid (HNO3; 

Fisher). An internal standard (50 ppb scandium and 50 ppb germanium; VHG labs) was 

added to ensure accuracy. A series of iron and zinc containing standard dilutions were 

made in order to generate a standard calibration curve to determine concentration of 

metals we are looking at i.e. iron and zinc. ICP-MS data was recorded using an Agilent 

7700 x ICP-MS instrument.  

RNA oligomers for CPSF30 

 The following oligonucleotides (HPLC Purified) were obtained from Sigma: alpha-

synuclein 24mer (CACUUUAAUAAUAAAAAUCAUGCU), a modified oligonucleotide 

(HPLC purified) containing a 3’-fluorescein moiety (i.e. alpha-synuclein 24mer 

CACUUUAAUAAUAAAAAUCAUGCU-Fluorescein) and a Poly U oligonucleotide 

also HPLC purified, (UUUUUUUUUUUUUUUUUUUUUUU) were obtained.  Upon 

receipt, the oligonucleotides were resuspended in 10 mM Tris pH 8.0 and quantified and 

stored in aliquots at -80°C.  

Fluorescence anisotropy studies 

For FA studies, measurements were taken with an ISS PC-1 spectrofluorometer 

configured in the L format, with an excitation wavelength/band pass of 495 nm/ 2 nm and 
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an emission wavelength/bandpass of 517 nm/ 1 nm. A 5 nM solution of fluorescently 

labeled-RNA in 50 mM Tris pH 8.0, 100 mM potassium chloride with 0.2 mg/mL bovine 

serum albumin and 0.4 mg/mL poly-rC was added to a Spectrosil far-UV quartz window 

fluorescence cuvette (Starna Cells) and CPSF30 mutant proteins were titrated until 

saturation. Data was analyzed by correcting the anisotropy (r) for the change in quantum 

yield (Q, qfree / qbound, protein dependent change in fluorescenc) using the following 

equation:  

rC=
r0(rbound-r)+ (rfQ(r-r0))

(rbound-r + Q(r-r0) )
 

 

Where rC is the corrected anisotropy, r0 is the anisotropy of the free fluorescein-labeled 

oligonucleotide and rbound is the anisotropy of the RNA-protein complex at saturation. 

rC was plotted against the concentration of protein. The data were best fit to a 

cooperative binding model using nonlinear regression (GraphPad Prism 5).  

                                                              nP + R               PnR 

 

𝐾 =
[𝑃𝑛𝑅]

[𝑃]𝑛 [𝑅]
 

𝑟𝑇𝑐 = 𝑟0 + (𝑟𝑏𝑜𝑢𝑛𝑑    +  𝑟0 )[

(
[𝑃]ℎ

[𝑃]1
2

)

(1 +  (
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2

)

ℎ
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Where rTc is the total, corrected anisotropy, r0 is the anisotropy of the free fluorescein 

labeled oligonucleotide, rbound is the anisotropy of the RNA-protein complex at 

saturation, 

[P] is the concentration of protein, [P] 1/2 is the concentration of protein at half maximal 

saturation and h is the Hill coefficient. Each data point is the average of thirty readings 

over 115 seconds, each titration was carried out in triplicate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

25 

 

(V) Results and Discussion 

 

a) Metal Loading of CPSF30 

 

When CPSF30 is isolated under our standard expression conditions (which includes 

addition of 100 µM ZnCl2 before induction), the isolated protein contains up to 0.5 

equivalents Fe and 4 equivalents of Zn. Fe-S clusters are notoriously labile and it can be 

difficult to obtain a fully loaded protein. Thus, I set out to prepare fully loaded Fe-S 

protein by varying the amount of metal ion added upon induction and by purifying the 

resultant protein under anaerobic conditions. Six ratios of iron and zinc were chosen 

(Table 1).The proteins were all expressed under the following conditions: in a 1L Luria 

Broth media. Zinc, iron   and sodium sulfide were added when the cell density had 

reached an O.D. of 0.3 and protein induction was initiated with 1M IPTG when the cell 

density had reached an O.D. of 0.6. The protein expression was allowed to continue for 3 

hours, after which the protein was lysed and brought into an anaerobic chamber (Coy 

box, 3% H2, 97% N2) for further purification. ICP-MS was utilized to measure the metal 

loading and Figure 10 shows the data. The above experiments were repeated with the two 

best concentrations under the same conditions. We found that the 5:5 zinc: iron generated 

good Iron loading, much more than the original 0.5 equivalents but it was also seen that 

there was insufficient loading of zinc (Figure 11). 
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Table 1: Proportions of zinc and iron added for the metal loading studies 

 

 

 

 

             

 

 

 

Setup Ratios Zinc 

(µM) 

Iron 

(µM) 

1 10:0 500 0 

2 8:2 400 100 

3 5:5 500 500 

4 2:8 100 400 

5 0:10 0 500 

6 No Metal 0 0 
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 Figure 10: Metal loading in CPSF30- A plot showing the amount of iron and zinc 

present in CPSF30 as a function of the amount of each metal ion added during protein 

expression. The data were collected from analysis of 1 µM samples of CPSF30 prepared 

in 2% trace metal grade nitric acid via ICP-MS. 

 

 

 

 



 

28 

 

 

 

 

 

Table 2: A Comparison of Metal Loading Studies to the Preliminary Studies in CPSF30 
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Figure 11:  Best metal loading in CPSF30- A plot of the amount of zinc and iron present 

in CPSF30 under two preparation conditions: (5:5, 4:1- Zn: Fe) . The data were obtained 

from analysis of 1 µM samples of CPSF30 prepared in 2% trace metal grade nitric acid 

via ICP-MS. 
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b) Mutant Studies of CPSF30 

 

The goal of these studies was to determine where the 2Fe-2S site is located within the 5 

CCCH domains of CPSF30. I focused on the preparation of two mutants: of the first 

CCCH domain (called F1) and the second CCCH domain (called F2).  The mutation 

involved modifying all four potential metal binding ligands (CCCH) to alanines. Vectors 

that expressed these mutant proteins were purchased from Genscript and the proteins 

were overexpressed under standard conditions and the molecular weight was verified by 

running SDS-PAGE gels (Figure 12, 13, 14). Post column purification purity was also 

determined by SDS-PAGE (Figure 15). The metal stoichiometry was measured using ICP 

MS. RNA binding studies were performed by fluorescence anisotropy and the data were 

fit to a cooperative binding model, using the methods developed by the Michel lab (13). 
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Figure 12: Gel showing the expression of CPSF30 wild type- An SDS page gel of the 

overexpression of CPSF30 wild type at time points of 0, 1, 2 and 3 hours post-induction 

are shown, compared to a prestained protein ladder of known molecular mass to assess 

the molecular size of CPSF30. 
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Figure 13: Gel showing the expression of CPSF30 ZF-1 mutant- an SDS page gel of the 

overexpression of CPSF30 ZF-1. Time points of 0, 1, 2, and 3 hours post-induction are 

shown compared to a prestained protein ladder of known molecular mass to assess the 

molecular size of CPSF30 ZF-1 mutant. 

 

 

 

CPSF30 Mutant 1 
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Figure 14: Gel showing the expression of CPSF30 ZF-2 mutant- an SDS page gel of the 

overexpression of CPSF30 ZF-2. Time points of 0,1, 2, and 3 hours post-induction are 

shown compared to a  prestained protein ladder of known molecular mass to assess the 

molecular size of CPSF30 ZF-2 mutant. 

 

CPSF30 Mutant 2 
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Figure 15: Gel showing the expression of purified bands of wild type and mutants-  an 

SDS page gel showing bands of post column purified CPSF30 wild type, ZF-1 mutant, 

ZF-2 mutant (lanes 1, 2, 3). The molecular weight of CPSF 30 was found to be 56.16kDa. 

The gel confirms the expression of the wild type and mutants in the expected region. 
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Results for CPSF30 ZF-1 Mutant: 

The CPSF30 ZF-1 mutant was over-expressed and purified several times, and different 

amounts of metal ions were measured via ICP-MS (figure 16). This mutagenesis thus 

appears to affect the metal loading properties and was not studied further. 

Results for CPSF30 ZF-2 Mutant: 

Metal stoichiometry of the CPSF30 ZF-2 mutant was determined by performing ICP MS. 

2.7± 0.069 equivalents of zinc and 0.4± 0.006 equivalents of iron were measured in 

triplicates (figure 16). The amount of iron present in the ZF-2 mutant is consistent with 

the amount measured for WT; however, the zinc levels were lower suggesting that the 

second ZF is a site of Zn coordination. I then performed RNA binding studies with the 

mutant and did not observe any RNA binging when either the AU rich hexamer alpha 

synclein 24 or poly U rich sequence were tested, indicating that this mutation abrogates 

RNA binding. (figure 17). 
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Figure (16): Metal stoichiometry of wild type and mutants- A plot showing the amount 

of iron and zinc present in CPSF30 versus the mutants, as a function of the amount of 

each metal ion added during protein expression. The data were collected from analysis of 

1 µM samples of CPSF30 prepared in 2% trace metal grade nitric acid via ICP-MS. 
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Figure 17: RNA binding studies of ZF-2 mutant- Fluorescence anisotropy monitored 

titration of CPSF30 and mutants with RNA (20mM TRIS and 50mM NaCl, at pH 7). 

Two sequences were studied, alpha synclein 24; 

CACUUUAAUAAUAAAAAUCAUGCU-Fluorescein and Poly 

UUUUUUUUUUUUUUUUUUUUUUUUU (green). Data were fit to a cooperative 

binding model. 
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(VI) Conclusions and future directions 

 

a) Conclusions for the Metal Loading in CPSF30: 

The metal loading studies revealed that by varying the amount of iron and zinc presented 

during protein expression, the isolated CPSF30 was loaded with different ratios of iron 

and zinc. There was no clear discernible trend that tracked with metal presentation. This 

may be due to two factors: 1) the affinities of the two metal ions for the protein may 

differ and therefore varying the metal concentration affects the overall thermodynamics 

and kinetics of metal loading explaining why the metal loading does not seem to follow a 

clear trend or 2) using LB as our rich media may inadvertently provide additional 

nutrients that alters the metal loading. A solution to the latter issue is to grow the protein 

in a minimal media to more rigorously control the metal content. These studies will be 

performed by future students in the laboratory. 

b) Conclusions for CPSF30 Mutant Studies: 

 

Due to the ambiguous results obtained on the finger 1 mutant, further studies will be 

performed on it that will focus on using minimal media to minimize metal variability in 

the media, in addition to RNA binding studies to assess the RNA binding properties of 

the mutant. Finger two mutant did not bind to the AU rich hexamer alpha synclein 24 

RNA. We assume that in order to bind well to the AU rich hexamer RNA, it requires all 

the four zinc ions as found in the wild type, to be present. Further studies on the third, 

fourth and the fifth mutants will be conducted for more conclusive results of the metal 

occupancy of zinc and iron and to determine the level of contribution these metals 

provide in functioning of the CPSF 30 zinc finger protein. 
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The final conclusions that can be drawn from my objectives are, firstly, metal loading 

cannot be controlled in a Luria Broth media. Secondly, mutant studies have shown us that 

mutagenesis affects metal stoichiometry in CPSF30 which in turn affects the RNA 

binding properties of the protein. 
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