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Cleavage and polyadenylation specificity factor 30 (CPSF30) is a key
protein involved in pre-mRNA processing. CPSF30 contains five
Cys3His domains (annotated as “zinc-finger” domains). Using induc-
tively coupled plasma mass spectrometry, X-ray absorption spectros-
copy, and UV-visible spectroscopy, we report that CPSF30 is isolated
with iron, in addition to zinc. Iron is present in CPSF30 as a 2Fe–2S
cluster and uses one of the Cys3His domains; 2Fe–2S clusters with a
Cys3His ligand set are rare and notably have also been identified in
MitoNEET, a protein that was also annotated as a zinc finger. These
findings support a role for iron in some zinc-finger proteins. Using
electrophoretic mobility shift assays and fluorescence anisotropy,
we report that CPSF30 selectively recognizes the AU-rich hexamer
(AAUAAA) sequence present in pre-mRNA, providing the first molec-
ular-based evidence to our knowledge for CPSF30/RNA binding. Re-
moval of zinc, or both zinc and iron, abrogates binding, whereas
removal of just iron significantly lessens binding. From these data
we propose a model for RNA recognition that involves a metal-
dependent cooperative binding mechanism.
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Zinc-finger proteins (ZFs) are a large class of proteins that use
zinc as structural cofactors (1–4). ZFs perform a variety of

functions ranging from the modulation of gene expression through
specific interactions with DNA or RNA to the control of signaling
pathways via protein–protein interactions. The general feature that
defines a ZF protein is the presence of one or more domains that
contain a combination of four cysteine and/or histidine residues
that serve as ligands for zinc. When zinc binds to these ligands, the
domain adopts the structure necessary for function (1–4).
ZFs are typically identified by the presence of cysteine and

histidine residues in regular repeats and are categorized into
classes based upon the number of cysteine and histidine residues,
and the spacing between the residues (1, 2). At least 14 distinct
classes of ZFs have been identified to date. ZFs are highly abun-
dant, with more than 3% of the proteins in the human genome
annotated as ZFs, based upon their sequences (1, 5–9). In some
cases, there are considerable in vitro and in vivo data that support
the annotation of proteins as ZFs, whereas in other cases the only
evidence that a protein is a ZF comes from its amino acid se-
quence. The best-studied class of ZFs comprises the “classical”
ZFs. This class is composed of ZFs that contain a Cys2His2 domain
(CysX2–5CysX12–13HisX3–5His). Classical ZFs adopt an alpha-
helical/antiparallel beta-sheet structure when zinc is coordinated
and bind DNA in a sequence-specific manner (2, 4). The remaining
classes of ZFs are collectively called “nonclassical”ZFs (1). One class
of nonclassical ZFs is the Cys3His class (CysX7–9CysX4–6CysX3His).
The first protein of this class to be identified was tristetraprolin,
which contains two Cys3His domains and regulates cytokine mRNAs
via a specific ZF domain/RNA binding interaction (1). With the
publication of genome sequences this domain has been found in a
myriad of proteins. The National Center for Biotechnology

Information (NCBI) conserved domain architecture tool iden-
tifies 404 distinct proteins (both hypothetical and experimentally
validated) that contain this domain, and humans contain at least
60 (Fig. 1). As a class, these proteins are predicted to be involved
in RNA regulation; however, the function(s) of most of these
proteins have not yet been established (1, 2, 10, 11).
One important Cys3His ZF protein is cleavage and poly-

adenylation specificity factor 30 (CPSF30) (2, 12). CPSF30 contains
five Cys3His domains. CPSF30 is part of a complex of proteins,
collectively called CPSF, that are involved in the polyadenylation
step of pre-mRNA processing (16). The other members of CPSF
are CPSF160, CPSF73, CPSF100, Fip1, and Wdr33 (16). Poly-
adenylation is a 3′ end maturation step that all eukaryotic mRNAs
(except histones) undergo (Fig. 2) (12). It involves endonucleolytic
cleavage of the pre-mRNA followed by addition of a polyadenosine
tail. Polyadenylation occurs at a specific region of the pre-mRNA
called the polyadenylation cleavage site (PAS). The PAS consists of
an upstream element with the conserved sequence AAUAAA (also
called the AU-hexamer), a stretch of bases where cleavage occurs,
after which a conserved GU-rich or U-rich sequence is present
(usually between 40–60 nt after the cleavage site) (12, 13). CPSF73
is the endonuclease that cleaves the RNA; the roles of the other
CPSF proteins are less clear (12, 13). Initially, CPSF160 was
identified as the protein within the CPSF complex that recognizes
the AU-hexamer (14–16); however, two recent studies using cell-
based methods found that CPSF160 does not play this role (17, 18).
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Instead, CPSF30 and Wdr33 were identified as the proteins in-
volved in AU-hexamer recognition (17, 18). These findings are
intriguing in light of evidence that the H1N1 human influenza virus
protein NS1A targets CPSF30 to obstruct cellular mRNA pro-
cessing (19–21), suggesting that the link between NS1A and cellular
mRNA processing is RNA recognition by CPSF30.
Given these cell-based results that CPSF30 is involved in recogni-

tion of the AU-hexamer of pre-mRNA along with our emerging un-
derstanding that CCCH-type ZFs are a general ZF motif involved in
AU-rich RNA sequence recognition, we sought to determine whether
CPFS30 directly recognizes the pre-mRNAAU-hexamer sequence via
its CCCH domains by isolating CPSF30 and examining its RNA
binding properties at the molecular level. CPSF30 contains five CCCH
domains, and our hypothesis was that CPSF30 would bind five zinc
ions at these CCCH domains and selectively recognize the AU-rich
hexamer of pre-mRNA. To our surprise, CPSF30 was a reddish-col-
ored protein upon isolation and purification, which suggested the
presence of an iron cofactor. Here, we report that CPSF30 contains a
2Fe–2S site, with a CCCH ligand set, in addition to zinc. We also
report that CPSF30 selectively recognizes the polyadenylation hex-
amer (AAUAAA) of pre-mRNA in a cooperative and metal-
dependent manner. These findings are discussed in the context of
CCCH “zinc” domains, iron, and recognition of AU-rich RNA
sequences.

Results and Discussion
CCCH ZF Proteins. CPSF30 belongs to a class of proteins that are
annotated as ZFs in genome databases. To determine how fre-
quently this “CCCH ZF domain” occurs in eukaryotes a search
using UniProt was performed (22). This resulted in 516 reviewed
proteins and 25,610 total proteins when all organisms were
considered. To provide further context, the search was narrowed
to include only “CCCH ZF proteins” found in Homo sapiens.
This led to the identification of 60 reviewed and 222 total pro-
teins. The 60 reviewed proteins were then grouped based upon the
number of CCCH domains present and a consensus sequence for
each domain within the context of the number of domains was
determined (Fig. 1) The proteins with CCCH ZF domains had
between one and five domains, with the proteins with one domain
being the most abundant (30 of the 66 proteins had only one do-
main). The organization of the domains (i.e., spacing between
cysteine and histidine ligands) was generally invariant.

CPSF30 Contains Iron.A series of CPSF30 constructs that contained
just the five CCCH ZF domains were prepared recombinantly and
expressed under standard conditions. Unexpectedly, all of the
constructs turned red upon protein overexpression, suggesting that
iron was coordinating to the protein in addition to or in lieu of zinc
(Fig. S1). The most soluble construct, which contained a maltose-

binding fusion tag (MBP), was purified and used for subsequent
studies. The UV-visible spectrum of the purified CPSF30 exhibi-
ted peaks at 420, 456, and 583 nm, which are indicative of iron
(particularly iron–sulfur clusters), in addition to the expected
peaks around 220–280 for protein backbone and aromatic amino
acid peaks around 280 nm (Fig. 3) (23). Inductively coupled
plasma mass spectrometry (ICP-MS) of CPSF30 was performed to
measure the metal content. In a given preparation, both zinc and
iron were observed, on average 3.78 ± 0.02 zinc and 0.51 ± 0.01
iron per protein. A ferrozine assay independently confirmed the
presence of iron (24). The metal content of MBP alone was also
measured by ICP-MS and a ferrozine assay. No metal was found
to be present in these samples, ruling out MBP as a site for metal
binding. The oligomerization state of CPSF30 was measured by
size-exclusion chromatography and CPSF30 was found to be pri-
marily a monomer (Fig. S2). Efforts to prepare just iron-loaded,
zinc-loaded, and apo-CPSF30 were made. Incubation with EDTA
produced the iron-loaded protein (0.29 ± 0.13 zinc and 0.45 ± 0.08
iron) and incubation with o-phenanthroline or dipyridyl in the
presence of DTT produced apo-CPSF30 (0.11 ± 0.08 zinc and
0.10 ± 0.05 iron with o-phenanthroline and 0.10 ± 0.08 zinc and
0.15 ± 0.05 iron with dipyridyl). The zinc-loaded protein was
obtained by overexpressing the protein in iron-deplete minimal
media that was supplemented with zinc upon induction (3.71 ± 0.2
zinc and 0.07 ± 0.003 iron). Together, these studies revealed that

Fig. 1. Survey of the CCCH domain containing proteins in H. sapiens.
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Fig. 2. Cartoon of pre-mRNA processing, with possible roles of CPSF30
highlighted in blue.
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CPSF30’s CCCH ZF domains have both zinc and iron cofactors,
of which zinc is more readily chelated.

X-Ray Absorption Spectroscopy of the Iron Sites. X-ray absorption
spectroscopy (XAS) was used to characterize the protein-bound Fe
coordination geometry and ligand environment. The X-ray ab-
sorption near edge structure (XANES) portion of the XAS spec-
trum for Fe bound to CPSF30 is shown in Fig. 4A. A Fe pre-edge
1s-3d electronic transition peak, observed at ∼7,112.4 eV with a
corresponding peak area of 23.7 × 10−2 eV2, is consistent with a
four-coordinate tetrahedral ferric complex (25, 26). The Fe edge
energy, determined from the first inflection point of the rising edge,
occurs at 7,120 eV and is again consistent with a Fe(III) species
characteristic of an oxidized 2Fe(III)–2S cluster (27). The Fe ex-
tended X-ray absorption fine structure (EXAFS) (Fig. 4B) was best
simulated in the nearest-neighbor environment with ca. three S
ligands at an average bond length of 2.26 Å and ca. one O/N ligand
at 2.03 Å (Table S1). Long-range scattering includes an Fe–Fe
vector at a bond length of 2.67 Å. In addition, multiple Fe–C in-
teractions were observed at 3.17, 3.44, and 3.95 Å. These bond lengths
represent average values obtained from two independent samples and
are consistent with reported values for oxidized 2Fe–2S clusters bound
by three Cys and one His residues (28). Thus, we speculate that iron is
bound to CPSF30 as a 2Fe–2S cluster with a CCCH ligand set.

XAS of the Zinc Sites. XAS was also used to characterize protein-
bound Zn coordination geometry and metrical parameters. The Zn
edge inflection energy at 9,662.5 eV is consistent with Zn(II) (Fig.
5A). The postedge region of the spectrum shows features at both
9,665.7 eV and 9,671 eV, consistent with independent sulfur and
oxygen/nitrogen ligand environments published for ZnN1S3 pep-
tides (29, 30), suggesting similar coordination environments. The Zn
EXAFS region (Fig. 5B) was best fit in the nearest-neighbor ligand
environment with ca. one O/N ligand at 2.01 Å and ca. 2.5 S ligands
at 2.31 Å (Table S1). The Fourier transform of the Zn EXAFS
for CPSF30 is consistent with a ZnN1S3 peptide system published
previously (30). Long-range carbon scattering was also observed at
3.07, 3.26, 3.43, and 4.03 Å. These data are consistent with Zn
coordinated to CPSF30 in a tetrahedral CCCH ligand environment.

RNA Binding Studies: CPSF30 Binds to the AU-Rich Hexamer of
α-Synuclein Pre-mRNA in a Cooperative Manner. CPSF30 is part of
a complex of proteins, collectively called CPSF, that regulate pre-
mRNA processing. CPSF30 has been proposed to be involved in
recognition of the PAS present in pre-mRNA, because the signal
contains an AU-rich sequence, which is a favored recognition
signal for certain CCCH-type ZF proteins (1, 2). Recently, two
laboratories simultaneously reported studies to identify the role of
CPSF30 in a cellular setting. In one set of studies, Shi and co-
workers (18) immunoprecipitated the entire CPSF complex then
performed cross-linking with a pre-mRNA (viral SLV-4) that in-
cluded the AU-hexamer and digested the complex to identify the
specific protein or proteins that bound to the pre-mRNA. From

these studies, along with subsequent iCLIP studies, CPSF30 was
identified as one of two proteins that directly interact with the pre-
mRNA at the AU-hexamer (the other is a newly identified pro-
tein, Wrd33). Schönemann et al. (17) reported that they could
reconstitute CPSF160, CPSF30, hfip1, and WDR33 as a complex
that bound to pre-mRNA (via a filter binding assay) and cross-
linking/immunoprecipitation studies implicated CPSF30 and
WDR33 as the proteins that directly bind to pre-mRNA. Together,
these studies suggest that CPSF30 directly binds to pre-RNA. We
sought to evaluate this interaction at the molecular level by mea-
suring the affinity of isolated CPFS30 for a pre-mRNA target.
A 38-nt segment of the human alpha-synuclein transcript (NCBI

reference NM_001146055.1) was used to study this interaction (31).
In the sequence, the AU-rich hexamer (AAUAAA) is centrally
located within the 38-nt RNA, where it is flanked by 16 nt on the 5′
and 3′ ends (from now on referred to as αSyn38) (Table 1). Shorter
RNA oligomers were also evaluated: αSyn30 and αSyn24. αSyn30
and αSyn24 maintain the polyadenylation signal in the center of the
oligomer and are both derived from αSyn38, with either 12 or 9 nt
flanking the polyadenylation signal, respectively (Table 1). A frag-
ment of rabbit betaglobin (Rβ) mRNA was used as a negative
control RNA oligomer because it does not contain the poly-
adenylation hexamer and is not enriched in adenosine and uridine
nucleotides (Table 1).
Electrophoretic mobility shift assays (EMSA) were performed

with the four αSyn oligomers and the Rβ control. CPSF30 formed
complexes with all of the αSyn oligomers interrogated, as evi-
denced by shifting of the RNA oligomers (Fig. 6A and Fig. S3A),
whereas no binding was observed for CPSF30 with Rβ or with the
MBP tag with any of the RNA oligomers (Fig. S3B).
Fluorescence anisotropy (FA) was performed to determine

the binding affinity of CPSF30 for the αSyn38, αSyn30, and αSyn24
oligomers. Binding was observed for all three αSyn RNA targets,
but not for Rβ. Anisotropy values, corrected for the change in
quantum yield, were plotted versus the concentration of CPSF30
protein titrated. The data were fit to two models: a 1:1 binding
model and a cooperative binding model (32). The cooperative
binding model gave the best fit, with [P]1/2 values of 93.5 ± 2.7 nM,
115.0 ± 3.6 nM, and 143.8 ± 3.8 nM, with Hill coefficients of 1.67 ±
0.07, 1.63 ± 0.08, and 1.58 ± 0.07 for αSyn38, αSyn30, and αSyn24,
respectively (Fig. 6B). Binding was not observed when these RNA
targets were titrated with either apo-CPSF30 or iron-loaded
(zinc-deplete) CPSF30. The zinc-loaded (iron-deplete) CPSF30
exhibited significantly weakened affinity compared with the iron-
and zinc-loaded CPSF30 ([P]1/2 570.5 ± 23.4) nM with αSyn38. No
binding was observed for MBP alone with any of the RNA targets.
To determine whether the AU-rich sequence is the site of RNA

binding, titrations of CPSF30 with three altered RNA sequences
were performed (Table 1). The sequences all lacked the AU-
hexamer. In two cases the AU-hexamer was replaced with polyC
(CCCCCC) or polyU (UUUUUU), and in the third the GU-rich
sequence (UGUUUU) near the polyuridine site that has been
proposed as an alternative target sequence for CPSF30 (33).

Fig. 3. Optical spectrum of CPSF30 (purple) and ‟apo”-CPSF30 (blue, after
addition of EDTA) in 20 mM Tris, 100 mM NaCl, pH 8. (Left) full spectrum.
(Right) Close-up between 300–650 nm.

Fig. 4. (A) Fe XANES for CPSF30. (Inset) An expansion of the individual 1s-3d
transition peak for CPSF30 Fe site. (B) Iron EXAFS and Fourier transform of
EXAFS data for CPSF30 Fe site. (Left) Raw EXAFS data displayed in black and
best fit in gray. (Right) Corresponding Fourier transform plot of raw EXAFS
data in black and best fit in gray.
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CPSF30 showed no binding to any of these sequences (in the Fe/
Zn, Fe-only, Zn-only, or apo forms) (Fig. 6C).

Identification of Iron and Zinc Domains. The five CCCH domains of
CPSF30 are highly homologous (Fig. S4A), and from sequence
comparison it is not apparent which domain is loaded with the Fe–S
cluster and which is loaded with zinc. A series of mutants in which
each domain was modified at the coordinating cysteine and histi-
dine ligands (CCCH to AAAA namedΔZF1, ΔZF2,ΔZF3,ΔZF4,
andΔZF5) were prepared to identify where iron and zinc bind. The
mutant proteins were overexpressed and purified following the
identical conditions used for WT-CPSF30. All of the mutants were
reddish in color, and analysis by ICP-MS (Fig. S4B) revealed that
they all were loaded with iron, but lost between one and two
equivalents of Zn, with ΔZF2 losing the most Zn (2.4 equivalents)
and ΔZF1 the least (1.3 equivalents). The affinities of these mu-
tants for RNA (αSyn24) was subsequently measured (Fig. S5)
ΔZF4 retained comparable binding affinity to WT CPSF30, ΔZF1,
ΔZF3, and ΔZF5 exhibited two- to threefold weaker affinities, and
the ΔZF2 mutant did not bind to αSyn24 RNA with any appre-
ciable affinity. Like WT-CPSF30, none of the mutants exhibited
any affinity for polyC RNA. Taken together, these data support a
model in which the sites of Fe and Zn binding are flexible, with
iron loading occurring first. The data also suggest that ZF2 is
critical for tight RNA binding, whereas the other ZFs seem to be
less important.

Model of CPSF30/RNA Binding. The data for CPSF30/RNA binding
were best fit to a cooperative binding model with a minimum
stoichiometry of 2 CPSF30:1 RNA and an average Hill coefficient
of 1.63 ± 0.07 (Fig. 6 B and C). CPSF30 alone is a monomer, as
evidenced by gel filtration chromatography data (Fig. S2), yet ex-
hibits positive cooperativity upon RNA recognition, perhaps in-
dicating RNA-induced protein dimerization. Dimerization of
proteins that bind to RNA is not unprecedented; for example, the
Cys3His ZF ZAP is a monomer in solution that then dimerizes
upon binding to the ZAP-responsive RNA element (34). Other
RNA-binding proteins that recognize their targets in a cooperative
manner are the human zipcode-binding protein IMP-1, HIV-1 Rev
protein, hordeiviral γb protein, human La protein, and tomato

bushy stunt virus p33 protein (35–38). There are also other AU-
rich RNA-binding proteins such as AUF-1 (p42), Hsp70, and
HuR, which bind to their respective RNA partners in a cooperative
manner (39–41). Moreover, a two-domain construct of CPSF30
has been crystallized bound to the NS1 influenza A virus protein,
where it is present as a dimer (21).

Conclusions
Several important conclusions can be drawn from the work pre-
sented here: (i) CPSF30 is the protein within the CPSF complex
that directly recognizes PAS RNA; (ii) CPSF30 contains an un-
expected 2Fe–2S cluster, in addition to zinc; (iii) CPSF30 is always
loaded with iron first, then zinc; and (iv) the sites of iron and zinc
binding are flexible but high-affinity RNA binding requires that one
Fe site and at least two Zn sites be occupied. The CPSF complex
directs mRNA 3′ maturation via a mechanism of RNA recognition,
cleavage, and polyadenylation (Fig. 2); however, the roles of the
proteins that make up the CPSF complex are not clearly defined.
Studies of the complex in a cellular setting have provided tantalizing
support for CPSF30 as the protein that binds to the PAS signal. The
work described here provides direct evidence that CPSF30 selectively
recognizes the AU-rich hexamer of pre-RNA via its CCCH domains.
Unexpectedly, the work also shows that CPSF30 contains a 2Fe–2S
site with a CCCH ligand set, in addition to its predicted zinc sites.
These 2Fe-2S sites with CCCH ligand sets are rare; 2Fe-2S sites

were first identified in the 1960s, with two principal types identi-
fied: ferredoxin (1962), which uses a CCCC ligand set, and rieske
type (1964), which use a CCHH ligand set. However, it was not
until the late 2000s that a 2Fe–2S site with a CCCH ligand set was
identified (23). This site was found in a protein called mitoNEET,
a mitochondrial protein that is a target of the type-2 diabetes drug
pioglitazone (23). Remarkably, like CPSF30, mitoNEET was an-
notated as a ZF protein based on the presence of a CCCH domain
(with spacing of CXCX9CX3H compared with CX7–9CX4–5CX3H
for CPSF30 and its homologs) and turned red upon protein ex-
pression and purification (42). MitoNEET contains a singular
2Fe–2S cluster with a CCCH ligand set and no zinc sites. The two
homologs of MitoNEET, Miner1 (or NAF1) and Miner2, also
contain between one and two 2Fe–2S clusters bound to CCCH
sites (43–45). This suggests that the annotation of a protein as a
ZF protein simply based upon its amino acid sequence (i.e., re-
peats of cysteine and histidine residues) may not always be correct
and care must be taken in defining a ZF protein based just upon
amino acid sequence. There is also evidence for a CCCH ligated
2Fe–2S cluster in proteins involved in iron–sulfur cluster assembly
in Escherichia coli IscR and IscU (46, 47). In addition, in yeast, the
Grx3/4/Fra2 signaling proteins have been shown to interact via a
2Fe–2S cluster that has a CCHX ligand set (48).
The biological significance of the 2Fe–2S cluster identified in

CPSF30 is not yet known. Fe–S sites have been shown to play
roles in electron transfer, oxygen sensing, iron sensing, substrate
activation, and catalysis (49). Similarly, in mitoNEET there is not
yet a definitive role for the 2Fe–2S site; however, there is evi-
dence that it may be involved in trafficking iron via a redox
sensing mechanism (50–54). Redox sensing may also be impor-
tant for CPSF30: The CPSF30 yeast homolog, YtH1, responds to
hypoxic stress (loss of O2) by shuttling to the cytoplasm from the

Fig. 5. (A) Zn XANES for CPSF30. (B) Zinc EXAFS and Fourier transform of
EXAFS data for CPSF30 Zn site. (Left) Raw EXAFS data displayed in black and
best fit in gray. (Right) Corresponding Fourier transform plot of raw EXAFS
data in black and best fit in gray.

Table 1. RNA oligomers tested

RNA oligomer Length, nt Sequence (5′–3′)

α-Syn38 38 CCCAUCUCACUUUAAUAAUAAAAAUCAUGCUUAUAAGC
α-Syn30 30 UCUCACUUUAAUAAUAAAAAUCAUGCUUAU
α-Syn24 24 CACUUUAAUAAUAAAAAUCAUGCU
GU-rich24 24 CCAGAAGUGUGUUUUGGUAUGCAC
Poly U24 24 UUUUUUUUUUUUUUUUUUUUUUUU
Poly C24 24 CACUUUAAUCCCCCCAAUCAUGCU
Rβ31 31 UGGCCAAUGCCCUGGCUCACAAAUACCACUG

The AU hexamer region is shown in bold.
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nucleus (55), and the Fe–S cluster may facilitate the protein local-
ization (50–54). Additionally, the Arabidopsis homolog of CPSF30,
which contains just three CCCH domains, has been shown to be
involved in redox signaling, via its cysteine ligands (56). Another
possible role for the 2Fe–2S cluster of CPSF30 is to regulate oli-
gonucleotide binding a redox-dependent manner; Fe–S clusters are
emerging as key cofactors in a range of regulatory proteins. In some
proteins for which the Fe–S cluster plays a regulatory role, such as
the base excision repair proteins, the Fe–S cluster’s DNA binding
affinity is dependent on the oxidation state of the Fe–S cluster and
modulated by DNA charge transfer (57–62). In others, such as Aft2
(which also contains a structural zinc site), it is the presence or
absence of the Fe–S cluster that drives DNA binding (63).
Taken together, our experimental data for CPSF30 reveal

that CPSF30 contains both a 2Fe–2S site and a zinc site. Both
sites are important for sequence-specific RNA binding, with
the Zn site playing a larger role. CPSF30 selectively recog-
nizes and binds to the polyadenylation AU-rich hexamer of
α-synuclein pre-mRNA in a cooperative manner with high
affinity. The location of the zinc and iron sites within the
5CCCH domains of CPSF30 seem to be flexible; however,
iron is loaded before zinc. CPSF30 is a target of the human
influenza virus, NS1A, which binds F2 and F3 of CPSF30 to
obstruct cellular pre-mRNA processing, and we speculate

that these two CCCH domains may be involved in direct pre-
mRNA processing.

Materials and Methods
CPSF30 (33–170) was cloned into pMAL-c5e, expressed in BL21-DE3 cells at 37 °C
for 3 h and purified via amylose and SP Sepharose chromatography. Metal
content was measured via ICP-MS and oligomerization state by size-exclusion
chromatography (Supadex 200 100/300 gel). Metals ions were removed by ad-
dition of EDTA, dipyridyl, or phenanthroline. XAS was used to identify metal ion
sites and EMSA and FA to characterize RNA binding. Detailed experimental
protocols are described in Supporting Information.
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