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Abstract Nuclear magnetic resonance (NMR) methods have been used to address issues regarding the relevance 
and feasibility of zinc binding to "zinc finger-like" sequences of the type C-X,-C-X4-H-X4-C [referred to as CCHC or 
retroviral-type (RT) zinc finger sequences]. One-dimensional (1 D) NMR experiments with an 18-residue synthetic 
peptide containing the amino acid sequence of an HIV-1 RT-zinc finger domain (HIVI-F1) indicate that the sequences 
are capable of binding zinc tightly and stoichiometrically. 'H-"'Cd spin echo difference NMR data confirm that the Cys 
and His amino acids are coordinated to metal in the "'Cd adduct. The 3D structure of the zinc adduct [Zn(HIVI-Fl)] 
was determined to high atomic resolution by a new NMR-based approach that utilizes 2D-NOESY back-calculations as a 
measure of the consistency between the structures and the experimental data. Several interesting structural features 
were observed, including (1 ) the presence of extensive internal hydrogen bonding, and (2) the similarity of the folding of 
the first six residues to the folding observed by X-ray crystallography for related residues in the iron domain of 
rubredoxin. Structural constraints associated with conservatively substituted glycines provide further rationale for the 
physiological relevance of the zinc adduct. Similar NMR and structural results have been obtained for the second HIV-1 
RT-zinc finger peptide, Zn(HIV1 -F2). NMR studies of the zinc adduct with the NCP isolated directly from HIV-1 particles 
provide solid evidence that zinc finger domains are formed that are conformationally similar (if not identical) to the 
peptide structures. The motif has been found in several other single-stranded nucleic acid binding proteins, including a 
human protein, and may represent a common motif analogous to the "classical" zinc finger motif widely distributed in 
duplex-DNA binding proteins. 
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In 1981, an amino acid sequence with conser- 
vatively spaced Cys and His amino acids was 
identified in retroviral nucleocapsid proteins 
(NCPs) [ 11. Without exception, retroviral NCPs 
(and their gag precursor proteins) from all 
strains of all known retroviruses contain one or 
two copies of this conserved sequence [l-31; see 
Figure 1 and Table I. In addition to the com- 
pletely conserved Cys and His residues at posi- 
tions 1,4,9, and 14 [the first Cys of the sequence 
is labeled Cys(l)l, conservatively substituted gly- 
cines are found at positions 5 and 8, and aro- 
matic or hydrophobic residues occur at positions 
2 (or 3) and 10 (Fig. 1). A single copy of this 
sequence has also been observed in several plant 
viruses [4-91, and seven sequential copies of this 
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sequence have been observed recently in a pro- 
tein from humans that is apparently involved in 
sterol-mediated gene repression [lo]. The latter 
protein, called a cellular nucleic acid binding 
protein (CNBP), binds with sequence specificity 
to single-stranded DNA and to single-stranded 
RNA [ll] .  

Proteins that contain this conserved sequence 
appear to function physiologically by binding to 
single-stranded nucleic acids. In retroviruses, 
the array is contained in the gag polyprotein 
synthesized in infected cells. The gag protein 
functions by binding with specificity to retrovi- 
ral RNA and anchoring the RNA to the ceIl wall 
for budding [ 12,131. Extensive site-directed mu- 
tagenesis experiments involving the conserved 
and conservatively substituted residues have 
been performed [14-191. In general, modifica- 
tions of the Cys and His residues result in a 
significant decrease in (or loss of) RNA packag- 
ing, and modification of the conservatively sub- 
stituted aromatic and hydrophobic residues al- 

0 1991 Wiley-Liss, Inc. 



42 Summers 

Aromatic or Hydrophobic 
(82%) 

Aromatic (76%) 

(‘O0%+) Gly (58%) Gly (82%) 

’ 100% conserved 

+ sin le finger and the first domain from two-finger proteins 
on$ - 

Fig. 1. CCHC amino acid sequence observed originally in retroviral NCPs. Residues that are conservatively 
substituted in NCPs are indicated. In the human CNBP, which contains seven copies of the CCHC sequence, the Gly 
residues are completely conserved. 

ter the specificity of the viral RNA that is 
packaged. These results have led to speculation 
that the conserved array, as part of the gag 
polyprotein, participates directly in nucleic acid 
recognition and binding. 

Subsequent to budding, the gag polyprotein is 
cleaved by the protease to give, among other 
products, the NCP which is bound non-specifi- 
cally to RNA in mature particles. Further, sev- 
eral of the above-mentioned mutants that are 
capable of packaging RNA are also non-infec- 
tive, suggesting that the conserved array (as 
part of the NCP) is involved in additional un- 
known functions. 

WHAT IS THE ROLE OF THE CONSERVED C Y S  
AND HIS RESIDUES? 

A new field of bioinorganic chemistry emerged 
when, in 1985, Klug and co-workers suggested 
that repeated amino acid sequences of the type 
Cys-%-Cys-X,,,-His-X,-His observed in transcrip- 
tion factor IIIA (TFIIIA) from Xenopus oocytes 
bind zinc and form “DNA-binding fingers” [20]. 
Commonly referred to as “zinc fingers,” these 
sequences have been observed in more than 100 
different proteins (based largely on DNA se- 
quence analyses), with some proteins containing 
30 or more sequential zinc finger units 121,221. 
In several cases, the requirement of zinc for 
sequence-specific DNA binding has been estab- 
lished, and a few synthetic zinc finger peptides 
have been structurally characterized by NMR 
methods [23,24]. In this paper, these sequences 
will be referred to as “classical- or CCHH-type” 
zinc fingers. 

In 1986, Berg speculated [25] that the con- 
served arrays observed in retroviral nucleocap- 
sid proteins might function physiologically by 
binding zinc in a manner similar to that pro- 
posed by Klug and co-workers for classical-type 
zinc fingers. For this reason, the motif observed 
originally in retroviral proteins has been called a 

“CCHC” or “zinc finger-like’’ or “retroviral- 
type” zinc finger motif. The mutagenesis data 
described above are consistent with a zinc bind- 
ing function. On the other hand, early efforts to 
detect zinc in NCPs were unsuccessful, and it 
was reported that the NCP from avian myelo- 
blastosis virus (AMV) binds zinc weakly and 
does not form zinc-binding fingers [ 191. In addi- 
tion, AMV particles apparently lack sufficient 
zinc to populate the NCP zinc fingers [191. 

ARE THE CONSERVED SEQUENCES CAPABLE 
OF BINDING ZINC? 

To determine if CCHC sequences are capable 
of binding zinc with significant affinity, metal 
binding and NMR experiments were carried out 
with a synthetic 18-residue peptide containing 
the amino acid sequence of the first CCHC se- 
quence from the HIV-1 NCP (HIV1-F1) [261. In 
the presence of one equivalent of Zn2+, the pep- 
tide [Zn(HIVl-Fl)] gives rise to sharp, well- 
resolved signals for the backbone amide protons 
whereas in the absence of zinc, broad, feature- 
less signals are observed C261; see Figure 2. The 
presence of sharp signals for the solution with 
zinc provides strong evidence that a stable, 
unique conformation is formed on zinc binding, 
whereas the broad signals observed in the ab- 
sence of zinc are typical for a random coil-type 
conformation. Amide signals in spectra obtained 
at higher sample temperatures (50°C) and in the 
presence of solvent pre-saturation provide strong 
evidence that several amide protons are in- 
volved in hydrogen bonding [261. 

To determine precisely which amino acids were 
coordinated to metal, the ‘I3Cd adduct [Cd(HIVl- 
Fl)]  was prepared, and a 1H-”3Cd spin-echo- 
difference (SED) experiment was performed. In 
1H-1’3Cd SED spectra, the only signals observed 
are those for protons that are scalar (i.e., 
through-bond) coupled to Cd. For Cd(HIVl-Fl), 
SED signals were observed for the Cys-p and 



TABLE I. CCHC Sequences From Retroviral Nucleocapsid, Plant Virus Capsid, and 
Human Cellular Nucleic Acid Binding Proteins* 

Family type 

Retroviral family 
FeLV 
R-MuLV 
BaEV 
AKV MuLV 
M-MuLV 
M-MuSV 
RSV 

ASV 

BLV 

HTLV-1 

HTLV-2 

HTLV-I11 

HIV(LAV) 

HIV-2 

ARV-2 

SRV-1 

S I V M A C  

SIV.4GM 

HERV 

M P W  

VISNA 

EIAV 

IAP 

FIV 

Plant virus family 
COPIA 
G 
F 
I 
CaMV 
CERV 

Others 
CNBP 

Retrovirus 
Retrovirus 
Retrovirus 
Retrovirus 
Retrovirus 
Retrovirus 
Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Retrovirus 

Plant virus 
Plant virus 
Plant virus 
Plant virus 
Plant virus 
Plant virus 

Human 
Protein 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

AY 
AY 
AY 
AY 
AY 
TY 
YT 
QL 
YT 
EL 
YR 
PI 
FR 
PL 
FR 
PL 
FN 
WK 
FN 
WK 
WN 
WK 
FN 
WR 
FK 
PR 
WN 
WK 
YN 
LK 
YN 
PR 
FK 
PR 
YN 
HH 
YN 
FK 
FN 
YR 
FN 
NK 

HH 
FR 
TN 
KK 
WI 
wv 

FK 
YR 
YN 
YN 
YS 
YR 
YR 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

KEKG 
KEKG 
KERG 
KEKG 
KEKG 
EEQG 
GSPG 
NGMG 
GSPG 
NGMG 
LKEG 
KDPS 
GKAG 
QDPT 
GKVG 
QDPS 
GKEG 
GKEG 
GKEG 
GKEG 
GKEG 
GKPG 
GKEG 
GREG 
GRKG 
KRGK 
GKEG 
GLMD 
GKFG 
GKLG 
GQIG 
KKGK 
GKKG 
KRGK 
GKPG 
GKRG 
GKPG 
KQPG 
GRMG 
GKGY 
KKPG 
GKPG 

GREG 
QGFG 
QEYG 
LRFG 
NIEG 
WIEG 

GRSG 
GESG 
GRGG 
GKPG 
GEFG 
GETG 
GESG 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 

WVRD 
WAKD 
WTKD 
WAKD 
WAKD 
WAKD 
YQAQ 
N M Q  
YQAQ 
N M Q  
WARD 
WKRD 
WSRD 
WKRD 
WSRD 
WKRD 
TARN 
QMKD 
IARN 
QMKD 
SARQ 
IMTN 
IAKN 
QMKD 
FAKN 
WANE 
SARQ 
VMAK 
MQRQ 
LAKD 
LKKN 
W B Q  
FAKN 
WANE 
MQ 
MQKD 
LSSQ 
FSKQ 
LKKD 
RASE 
MQ 
LAAK 

IKKD 
TQRY 
TRSY 
PTPI 
YANE 
YANE 

WARE 
LAKD 
IAKD 
LARD 
IQKD 
VAIN 
LARE 

- 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

~ 

*For references to these sequences, see refs. 21,22, and 25. 
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Fig. 2. NMR spectra of the aromatic and amide protons of HIV1-F1 (A) in the absence of Zn2+ and (6) in the 
presence of one equivalent of Ln2+. Sharp signals obtained in the presence of zinc suggest formation of a unique 
solution conformation (reprinted from South et al. [26] with permission of the American Chemical Society). 

Fig. 3. One-dimensional 'H (A) and 'H-"'Cd spin-echo-difference (B) spectra obtained for "JCd(HIV1-F1 ). In 
spectrum B, only signals for protons that are scalar (though-bond) coupled to the lT3Cd nucleus (i.e., the His-H2 and 
-H4 and the Cys-HP protons) are observed, providing solid evidence that metal coordination occurs via the Cys-S and 
His-N3 atoms (reprinted from South et al. 1261 with permission of the American Chemical Society). 

His-H' and -H4 protons (Fig. 3), confirming that 
the metal was bound by the Cys sulfurs and the 
His-N3 nitrogen [26] .  

We recently determined that a peptide with 
sequence of the second HIV-1 NCP CCHC se- 

quence, HN1-F2, also binds zinc, but with ap- 
parent reduced affinity [27]. On the other hand, 
in studies with the NCP isolated directly from 
HN-1 particles, we have found that both CCHC 
domains bind zinc tightly and with high affinity, 
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and that local structures are formed that are 
conformationally similar (if not identical) to the 
structures exhibited by the individual synthetic 
peptides [281; see below. 

HOW TIGHTLY DO THE SEQUENCES 
BIND ZINC? 

Green and Berg have used UV-vis spectropho- 
tometric methods to quantitatively assess the 
affinity of CCHC finger peptides for Zn2+ and 
Co2+ [29,301. The spectrum of the cobalt adduct 
with the murine leukemia virus CCHC sequence 
(MuLV-F) is consistent with a tetrahedral metal 
binding site, and charge-transfer bands at 314 
and 350 nm are indicative of the presence of 
Co-S bonds. Titration experiments provided dis- 
sociation constants (Kd) for cobalt complexes 
with wild- and mutant-type sequences in the 
range ca. 1 x 10-5-5 x lo-?. Kd values for the 
zinc adduct, Zn(MuLV-F), and for the synthetic 
MuLV NCP of lo-’’ M and lo-” M, respectively, 
were reported, indicating that, under normal 
cellular conditions, these domains should be fully 
populated with zinc. Metal binding to the syn- 
thetic MuLV NCP has also been studied by 
NMR spectroscopy [311. 

A ZN: CCHC PEPTIDE EXHIBITS A HIGHLY 
ORGANIZED STRUCTURE 

High-resolution structural data have been 
published for the zinc adduct with HIV1-F1 
[32]. Although attempts to obtain crystals of 
Zn(HIV1-Fl) suitable for X-ray diffraction stud- 
ies have thus far been unsuccessful, three- 
dimensional structural information for this pep- 

tide was obtained with a new NMR-based 
distance geometry (DG) approach that utilizes 
2D nuclear Overhauser effect (NOESY) back- 
calculations as part of the refinement process 
[321. Eight superpositioned DG structures that 
afforded back-calculated NOESY spectra consis- 
tent with the experimental spectra are shown in 
Figure 4. 

Residues C(1) through K(6) fold in a manner 
nearly identical to the folding observed via X-ray 
crystallography for related residues in the iron- 
binding domain of rubredoxin [33]. Superposi- 
tion of all backbone and Cys side chain atoms of 
residues C(1) through K(6) of Zn(HIV1-Fl) (DG 
structure 1) onto the respective atoms of resi- 
dues C(6) through Y(11) and residues C(39) 
through V(44) of rubredoxin gives RMSDs of 
0.46 A and 0.35 A, respectively. The N(3) and 
C(4) backbone amide protons of Zn(HTV1-Fl) 
are oriented in a manner consistent with hydro- 
gen bonding to the C( 1) sulfur in what has been 
described as a Type-I NH-S tight turn [33] (Fig. 
5). The N-H(E) side chain amide proton of N(3) 
appears to be hydrogen bonded to the C(14) 
sulfur, consistent with the low chemical ex- 
change rate observed for this proton. 

The C(4) a-carbon serves as a corner between 
the Type-I NH-S tight turn and a short, orthog- 
onally directed Type-I1 NH-S tight turn, with 
hydrogen bonding between the amide of K(6) 
and the C(4) sulfur (Fig. 5). The carbonyl oxy- 
gen of K(6) is pointing in a direction consistent 
with hydrogen bonding to the amide hydrogen 
of C(1), and the amide hydrogen of G(5) exhibits 
hydrogen bonding to the C(1) carbonyl oxygen. 

Fig. 4. 
permission of the American Chemical Society). 

Stereo view of eight superpositioned Zn(HIV1-F1) DG structures (reprinted from Summers et al. [34] with 
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Fig. 5. Stereo view of a representative Zn(HIV1 -F1) DG structure showing all backbone atoms and the side chain 
atoms (except protons) for residues C(I), C(4), H(9), and C(14). Dashed lines indicate hydrogen bonds (reprinted 
from Summers et al. [ 3 2 ]  with permission of the American Chemical Society). 

With this folding, the P-protons of K(6) are in 
the vicinity of the H(9) imidazole-H2 proton, and 
the K( - 1) a-proton is in the vicinity of the E( 7) 
a-proton. The folding implicitly directs the hy- 
drophobic phenyl group of F(2) away from the 
body of the peptide and into the solvent. 

The G(8) a-carbon provides a corner for a 3,, 
turn, with the pro-R a-H in close proximity to 
the E(7) carbonyl oxygen. The backbone atoms 
including the carbonyl of G(8) through the amide 
of I(10) form a p-like stretch. None of the back- 
bone atoms within this stretch appear to be 
involved in hydrogen bonding. The imidazole-N3 
nitrogen of H(9) is coordinated to Zn, and the 
hydrophobic side chain of I( 10) is directed away 
from the body of the peptide and into the sol- 
vent. The methyl groups of I(10) are relatively 
close to the hydrophobic side chain of F(2). 

The A(11) a-carbon serves as a corner that 
leads to a Type-I tight turn. This tight turn is 
comprised of residues A(11) through C(14) and 
is stabilized by apparent hydrogen bonding be- 
tween the A(11) carbonyl oxygen and the C(14) 
amide proton, and by coordination of the C(14) 
sulfur to Zn. The methyl group of A(11) is lo- 
cated directly above the F(2) and N(3) backbone 
atoms, and the pseudo-plane made by the back- 
bone atoms of the Type-I tight turn is nearly 
perpendicular to the pseudo-plane made by the 
backbone atoms of the Type-I NH-S tight turn 

(see Fig. 5). With this folding, the positively 
charged side chain of R(12) and the amide of 
N(13) are positioned above the hydrophobic side 
chains of residues F(2) and I(10). 

IMPLICATIONS OF THE STRUCTURAL 
FINDINGS 

It should be made clear that the structural 
studies described above were carried out in or- 
der to address issues regarding the physiological 
relevance of the zinc finger structures. As I will 
discuss further below, definitive proof for the 
physiological relevance of these structures is 
still lacking. 

Two of the most striking structural features 
exhibited by Zn(HIV1-Fl) are 1) the presence of 
at least seven internal hydrogen bonds within 
the 14-residue zinc binding domain, and 2) the 
similarity of the first six residues to related 
residues in the iron domain of rubredoxin. The 
extensive hydrogen bonding is consistent with 
the high thermal stability observed for Zn(HIV1- 
F1) 1261. Interestingly, Zn(HIV1-Fl) and rubre- 
doxin contain a Gly residue immediately follow- 
ing the C-X,-C sequences. This Gly (position 5 in 
gag proteins) is conservatively substituted in 
retroviral gag proteins. The presence of a steri- 
cally non-demanding Gly at this position ap- 
pears to stabilize Type-I1 NH-S folding [331. 
Steric requirements associated with the 3,, turn 
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at position 8 may also explain the conservative 
substitution of Gly at this position in retroviral 
gag proteins. Thus, the structural constraints 
associated with the zinc-binding motif provide a 
rationale for the conservatively substituted Gly 
residues at positions 5 and 8, providing further 
evidence for the biological significance of a zinc 
adduct. 

The backbone folding exhibited by Zn(HIV1- 
F1) implicitly positions the side chains of the 
conservatively substituted F(2), 1(10), R(12), and 
N(13) residues in the same general spatial loca- 
tion. All of these side chains are directed away 
from the body of the peptide and into the sol- 
vent. As a consequence, the aromatic ring of 
F(2) and the methyl groups of I(10) form a 
hydrophobic surface patch. Adjacent to the hy- 
drophobic patch is the positively charged, basic 
side chain of R(12) and the amide side chain of 
N( 13). The orientation of these conservatively 
substituted side chains and preliminary nucleic 
acid binding experiments [341 are consistent 
with the proposal that these residues participate 
in gene recognition by binding to specific RNA 
structures [14,151. Interestingly, residues within 
the C-X& knuckles of steroid hormone recep- 
tor proteins dictate nucleic acid sequence speci- 
ficity [35-371, and a model for the nucleic acid 
binding site of the glucocorticoid receptor pro- 
tein includes contacts between residues in the 
zinc finger knuckle and specific base pairs [38]. 

STATUS OF T H E  FIELD 

There is now overwhelming evidence from 
studies of synthetic peptides and proteins that 
the conserved CCHC sequences are capable of 
binding zinc stoichiometrically and with high 
affinity. It is also clear that the NCP isolated 
from HN-1 particles is capable of binding zinc 
stoichiometrically and with high affinity, and 
that the structures formed on zinc binding are 
similar (or identical) to the structures of the 
synthetic peptides. The zinc finger peptides are 
capable of binding to nucleic acids via interac- 
tions involving the conservatively substituted 
hydrophobic residues implicated by mutagene- 
sis experiments in genomic RNA recognition. 

Despite the overwhelming evidence in favor of 
a physiologically relevant zinc adduct, one nag- 
ging question remains: Why has zinc not been 
detected in large quantities in retrovirus parti- 
cles? Jentoft and co-workers were able to detect 
only very low quantities of zinc in AMV parti- 
cles. In fact, zinc was detected at levels just 

sufficient to populate the two anticipated zinc 
sites of reverse transcriptase [19]. Note that 
there are typically ca. 100 2 80 reverse tran- 
scriptase molecules per particle, compared to ca. 
3,500 NEPs per particle. In preliminary experi- 
ments, Henderson and co-workers have deter- 
mined that zinc co-elutes with HN-1 particles 
1281, but quantitation of the zinc content has 
been difficult to achieve [391. Interestingly, only 
about one in 1,000 retroviral particles generated 
from current cell lines is infectious [40], and the 
infectivity of harvested particles varies with time 
[411. 

Unlike for classical-type zinc finger proteins 
which bind with specificity to duplex-DNA tar- 
gets, detailed understanding of the nucleic acid 
targets for retroviral NCPs, including nucleic 
acid sequences and secondary (or tertiary) struc- 
ture, is lacking. At the gag level in infected cells, 
CCHC sequences are apparently involved in ge- 
nomic sequence recognition, and could involve 
interactions with linear or even knot-type RNA 
structures. At the NCP level in mature parti- 
cles, CCHC sequences are involved in non- 
specific interactions with RNA. In mature parti- 
cles, proteins could interact with linear A-type 
RNA structures as observed by X-ray crystallog- 
raphy for bean-pod mottle virus [42]; of course, 
interactions with other RNA structures are also 
possible. Unfortunately, there is no known in 
vitro assay that can be used to test the physiolog- 
ical relevance of NCP-zinc adducts. 

On the other hand, the human CNBP has 
been shown to bind with sequence specificity to 
single-stranded DNA, and has more recently 
been found to bind to single-stranded RNA [Ill. 
Apparently, the specificity of CNBP for single- 
stranded DNA is not influenced by addition of 
modest amounts of EDTA. In this regard, we 
have found that the synthetic peptide, HIV1-F1, 
has a ca. 10-fold greater affinity for Zn2' com- 
pared to EDTA, and it is not surprising to us 
that EDTA has little effect on CNBP-nucleic 
acid interactions. Since nucleic acid targets for 
CNBP are known, this protein may provide the 
best system for in vitro determination of the 
influence of zinc on CCHC protein-nucleic acid 
interactions. 
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